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Prefacio

Apresentamos neste volume as atas da nona edi¢ao da conferéncia anual Videojogos, a Videojogos 2016 -
Conferéncia de Ciéncias e Artes dos Videojogos. A Videojogos 2016 foi organizada este ano pela
Universidade da Beira Interior. Decorreu nos dias 24 e 25 de novembro na Covilha e, como tem sido
habitual desde 2009, em colabora¢io com a Sociedade Portuguesa de Ciéncias dos Videojogos. Este ano, a
conferéncia foi co-localizada com o Encontro Portugués de Computacio Grafica e Interacao
(EPCGI’2010).

A conferéncia seguiu a tradi¢ao de divulgar e estimular o trabalho de investigacdo e desenvolvimento de
videojogos no espac¢o luséfono. O evento manteve a sua esséncia multidisciplinar com a apresentacao de
trabalhos cobrindo um vasto leque temas que foram desde a situagdo do setor de criacdo de videojogos em
Portugal até a escolha e composi¢ao musical para videojogos, passando por motores de jogo e técnicas de
Inteligéncia Artificial.

Tentamos este ano dar particular énfase aos contactos com as empresas que criam videojogos ou
componentes, que se traduziu em dois dos oradores convidados, Rui Casais, CEO da Funcom, uma
empresa Norueguesa especializada em jogos MMO (Massively Multiplayer Online), e Francisco Rebelo de
Andrade, co-fundador da Sceelix, uma empresa Portuguesa especializada em Middleware. Ambos focaram
as suas apresentacoes no empreendedorismo na area de software e videojogos. Contamos ainda com a
apresentacao convidada de Alan Dix, conhecido professor e investigador na area da Interacido Pessoa-
Maquina na University of Birmingham.

A conferéncia foi encerrada com a entrega dos certificados de melhor artigo e melhor demo apresentados
na conferéncia.

No total, foram submetidas a conferéncia 22 artigos e 4 demos, tendo sido selecionados 6 Full Papers, 7
Work in Progress e 3 Demos para apresentacao na conferéncia e nestas atas. A conferéncia contou com 25
participantes inscritos dos quais 11 estudantes. Foi infelizmente afectada pela situagao politica no Brasil,
que impediu que uma série de colegas Brasileiros pudessem tomar parte.

Por fim, gostarfamos de agradecer aos autores, aos oradores convidados, aos membros da Comissio
Cientifica, aos membros da Comissao Organizadora, aos Patrocinadores e a Universidade da Beira Interior
pelas instalacbes e suporte que permitiram a realizacdo deste evento. Um agradecimento especial a
Sociedade Portuguesa de Ciéncias dos Videojogos, cuja dedicagao e esfor¢o tem permitido a realizagao da
Videojogos ao longo dos anos.

Dezembro de 2016

Frutuoso Silva

Pedro Santos
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Palestras Convidadas

Videojogos — Como sobreviver e crescer numa industria em constante mudanga
Rui Casais, CEO da Funcom

A industria de videojogos tem-se caracterizado por uma rapida evolucdo e pela forma imparavel com que
persegue novas tecnologias. Estas caracteristicas geram inumeras oportunidades de negdcio mas em
contrapartida também sdo responsaveis por criarem um ambiente dificil de controlar e prever.

A Funcom ¢ um exemplo deste fluxo constante nesta industria, tendo crescido e contraido varias vezes
durante os 12 anos em que Rui Casais 12 esta a trabalhar, e ¢ com base nesta experiéncia que serao dados
exemplos de dicas e conhecimentos adquiridos para niao apenas sobreviver, mas também crescer, neste
mercado bem competitivo.

Sceelix procedural engine: da tecnologia ao produto
Francisco Rebelo de Andrade, Co-fundador da Sceelix
Sceelix, Create and Manage your 3D Scenes Smartly. The 3D Scenes Procedural Engine

Open Data Islands and Communities
Alan Dix, University of Birmingham
How do we make digital technology serve those at physical and social margins of society?

Digital technology, not least the Internet, has transformed many aspects of our lives. Crucially, in many
countries access to digital technology has become an essential part of the nature of modern citizenry for
commercial services; for access to access to government, and for participation in democratic processes, for
example much of the UK Brexit and US Presidential campaigns were fought on Facebook.

However, the ability take advantage digital technology is not uniform, those at the margins typically have
disproportionately poor access, both in terms of physical connectivity and skills. There is a danger that
digital technology can deepen the existing divides in our world.

In this talk I will look at these issues and most importantly ways we can, as researchers and practitioners,
seek to create technologies that serve all communities. I will focus particularly on open data, how we can
devise ways to make it more easily found, accessed, and visualised by small communities at the edges, and
moreover how they can become active creators of information: producers not merely subjects of data.

I will draw on experience in a number of projects on the small Scottish island of Tiree and also my 1500
kilometre walk around the edges of Wales.

vi
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ABSTRACT

Despite the impressive growth of the video game industry
in Europe and a growing interest emerging in that industrial
sector (e.g. from the European Commission), there is still
a knowledge deficiency in respect of its characteristics and
regional impact. By mapping the most relevant active agents
participating in this economic activity in Portugal, this paper
explores the characteristics the industry communities, types
of games developed, tools used, marketing and sales channels
and economic impact. This research is based on data collected
in Portugal through a survey of 70 economic agents, under the
auspices of the First Atlas of video games Industry in Portugal
research project. The paper concludes with an elaboration of
the opportunities and challenges associated with the industry
and the potential role of public and institutional policies in
supporting its development and sustainability.

Author Keywords
Video Game Industry, Creative Industries, Public Policies,
Portugal

INTRODUCTION

The video game industry is currently exhibiting greater growth
potential than many others of the creative industries. In 2015
worldwide revenues were estimated to be between $61 billion'
and $91.5 billion?, representing an 8% increase in comparison
with 2014. This level of growth is predicted to continue over
the next few years. In many european countries, the video
game industry represents an important part of the GDP, greater
than other creative industries such as Music or Film. This

Uhttp://www.cnbc.com/2016/01/26/digital-gaming-sales-hit-record-
61-billion-in-2015-report.html
Zhttps://newzoo.com/insights/articles/us-and-china-take-half-of-
113bn-games-market-in-2018/

Videojogos’16, Nov 24-25, 2016, Covilha, Portugal
Frutuoso Silva e Pedro Santos (eds.) ISBN 978-989-20-7148-0.

occurs in the United Kingdom, Sweden and Finland, where
this sector contributes with more than $1 billion to the GDP
of these three countries 3 4 9.

Video games with good production values can now be made
relatively inexpensively by small teams using tools such as
Unity and Unreal. Games can be sold and distributed electron-
ically in large quantities, using Apple or Google stores in the
case of mobile apps, or Steam in case of PC games. Hardware
and Console manufactureres have also been lowering the barri-
ers to entry for small and independant developers. Since 2008
these factors have led to an explosion of game production by
small teams. There are numerous examples. Minecraft started
in 2009 as an independent project by Swedish programmer
Markus Alexej Persson and the company he founded was sold
to Microsoft in 2014 for $2.5 billion®. Supercell is a mobile
game development company founded in June 2010 in Helsinki,
Finland with $250 000 initial investment by its founders. The
company saw its valuation double to $10.2 billion in the last
12 months after its games Hay Day, Clash of Clans and Clash
Royale attained worldwide success’.

In parallel, games are being used for multiple purposes, for
entertainment and increasingly for learning, and many euro-
pean businesses are taking this opportunity [1, 2]. One can
ask then what is the impact of the current low barrier to entry
- crowded environment - high prizes for success environment
on the Portuguese industry?

The Portuguese video game industry history can be divided
into three distinct phases [9]. The first phase, starting in the
1980s was associated with the success of the first personal
computers (PC) and was driven by young amateur program-
mers. The second phase, of the mid 1990s, was associated
with the establishment of the Internet. The Internet provided a
strong impulse to the development of video games in Portugal

3http://www.tiga.org/news/the-uk-video-game-development-sector-
is-back-on-track
“http://www.swedishgamesindustry.com/news/2016/9/23/swedish-
game-exports-closing-in-on-truck-sales.aspx
Shttps://www.tekes.fi/fen/whats-going-on/news-from-tekes/finnish-
game-industry-grew-into-a-two-billion-euro-business/
Shttps://en.wikipedia.org/wiki/Mojang
http://www.dfcint.com/dossier/softbank-sells-supercell-for-8-6b/



by facilitating information access via forums and online tutori-
als. Finally, a more recent third phase witnessed the formation
of game development studios. In the last few years the higher
education (HE) sector, identified the potential student inter-
est and commenced offering specific degrees in the various
disciplines of video game development.

This paper provides an insight in to the current state of the
Portuguese video game industry in 2016, in presenting pre-
liminary results from the project First Atlas of video games
Industry in Portugal, developed by a team from INESC-ID
and CEGOT, a study integrated in the European Project RAGE
(Realising an Applied Gaming Eco-System). This project has
the objective of strengthening the European video game indus-
try, namely the applied games sector. This study represents
an initial attempt to map and systematically characterise the
Portuguese video game industry.

The Portuguese video game industry has thus far not been
seriously studied, due largely to its emergent state and infor-
mality. There has been some work focused on the historical
perspective (see [9]) and on some specific regions within Por-
tugal (see [6]). There has been little analysis on the economic
activity generated by video game development (see [7]). In
this study the authors contribution overcomes this lack of in-
formation and provides new insights into the dimension and
characteristics of this still immature and emergent industry and
provides the information needed to support the strategies and
policies required to the strengthen and ensure sustainability of
the industry in Portugal.

The first section of this paper describes and discusses the
methodology used in the study. This is followed by a section
presenting the results and analysis, organised into five key
areas: businesses, employment, products, economic situation
and institutional support. The final section speculates on the
future prospects of the industry as seen by the economic agents
and actions the authors suggest should be taken to support the
industry.

METHODOLOGY

In order to prepare a characterisation of the video game in-
dustry in Portugal we applied a mixed methodology that refer-
enced a wide range of information sources : websites and trade
social networks; general and specialised media; aggregator
or brokerage platforms; several publications (e.g. [4, 5, 9]);
attendance lists at industry events; to supplement the personal
contacts of the project team. Triangulation of these sources
resulted in the creation of a database that aggregates the busi-
nesses and creators engaged in the industry, as well as another
database that identifies video games produced and marketed
in Portugal to date. The task was hampered by several factors,
including the wide dispersal of information on the sector, high
business mortality rate, the intense mobility of workers and
contradictory data.

This was the starting point for the collection of primary data,
by conducting a survey directed toward businesses and individ-
ual entrepreneurs (hereinafter referred to as Businesses) and
the self-employed and freelancers from this sector (hereinafter
called Creators). The survey was available for completion

online between December 2015 and February 2016 and was
directly publicised to the businesses and creators (using e.g..
email, social networking, phone) or through aggregator plat-
forms and intermediary organisations (e.g.. SPCV?®, university
research centres, incubators and business centres). A total of
38 businesses responded to the survey (representing 20.7%
of the 183 businesses inventoried in the database — some are
no longer active — and 49.4% of the 77 businesses that we
confirmed were still operating) and 32 independent creators
for a total of 70 agents involved in the video game industry in
Portugal.

In order to collect detailed information on the operation of
the video game industry in Portugal, we also carried out 12
in-depth interviews to targeted businesses, selected to cover a
range in terms of volume of business, type of produced video
games (applied or entertainment) and geographical location.
For this paper the data was particularly useful in order to
provide context for the survey. It will also be subject to in-
depth treatment in the context of other outputs to be developed
in the near future by the team.

This paper presents the preliminary results of the study. A
more detailed analysis and the complete results are currently
being compiled as part of a report to be published by SPCV
and Rage Project[8]. It should be noted that it was not the aim
of this (first) study to cover the entire video game economic
footprint in Portugal, such a project would include the import,
marketing and sales of video games, together with game’s
journalism, video content producers and research activities.
We opted, given the challenges and limited resources to cover
only the game development industry. .

A broader research study of the video game sector in Portugal
should be a priority for subsequent study.

RESULTS AND ANALYSIS

The authors will present and analyse next the results obtained
from the survey and interviews to businesses and creators, char-
acterising the state of the industry in five key areas: businesses
and creators, employment, products, economic situation and
institutional support.

Businesses and Creators

Respondent businesses and creators have emerged from 2001,
with between 1 and 3 businesses and creators commencing
activity per year through to 2011, with the one exception
of 2005 when no new Businesses appeared. This trend was
succeeded by a new phase in which the sector’s dynamism has
strengthened considerably, with the annual appearance of 10 or
more businesses and creators from 2012. The most active year
was 2013 when 21 new agents started activity (11 businesses
and 10 creators). There appears to be a decrease in new activity
over the last year (2015), but that observation could be due to
new ventures that started recently being operating below the
radar coverage, until results are visible.

It is thus a very young industry, evidenced not only by the
fact the oldest company emerged only in 2001, but also by the
fact that almost two thirds of businesses (65%) have had 3 or

8Sociedade Portuguesa de Ciéncias dos Videojogos
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Figure 1. Geographical distribution of game development businesses in
Portugal, 2016. Source: Survey to Businesses and Creators (January
2016)

fewer years of activity. The information from the interviews
suggests that this recent dynamism is mainly the result of the
(re)emergence of game platforms — PC , mobile, web — and
easy access to more intuitive tools for creating and editing
video games.

The analysis of the geographical distribution of the surveyed
businesses (see Figure 1) indicates that this is an economic
activity still not distributed evenly in Portugal and concen-
trated in some cities. Most municipalities have no businesses
or creators, as they are concentrated on only 16 of the 308
Portuguese municipalities

Only three municipalities recorded more than 3 businesses
on its territory, Lisbon having 11 units, compared to Porto
and Coimbra that each have 5 businesses. If we to these also
join the creators, individually dedicated to video game de-
velopment in Portugal, the role of the capital is even more
remarkable, with a total of 24 businesses/creators, this is fol-
lowed by Porto with 8 and Coimbra with 7. It must be also
mentioned that the municipality of Oeiras hosts the largest
Portuguese studio, with over a hundred employees.

Answers to questions on the factors influencing location
showed that businesses and creators do not attach the same
order of importance the factors that in some way influence
their location. For businesses the most relevant factor is their
proximity to other complementary creative industries, the in-
tersection of learning that such proximity provides. This is
followed by, in order of importance, the proximity to other
businesses or creators who develop video games and then the
ease of interaction with universities, the inference being that
these are the source of preferential recruitment for the building

Businesses Creators
Activity Number %  Number %
Original Game Dev. 37 100.0 28 875
Design / Prototyping 10 27.0 19 594
Publishing 9 243 4 125
Aurtistic Creation 8 21.6 13 40.6
Subcontractor 7 19.0 22 69.0
Distribution/Exploitation 4 108 3 94
Porting 3 8.1 2 63
Middleware Deyv. 2 54 0 00
Research 0 0.0 1 3.1

Table 1. Main activities. Source: Survey to Businesses and Creators
(January 2016)

of work teams. In turn, creators attach more importance to
the existence in the vicinity of other businesses or creators
who develop video games, as a result of the working links
that often establish with these agents. The second locative fac-
tor most valued by creators is the proximity to other creative
industries. The proximity to research centres is assumed as
the third most important factor that determines the location of
where the creators operate.

In terms of activities, the majority of businesses are dedicated
exclusively to the development of video games. In fact , less
than 1/3 of these accumulates this activity with other services
not directly related to the creation of video games. However,
the same situation does not occur with creators, as most of
them accumulate the development of digital games with other
activities. Of the businesses that are not dedicated exclusively
to the development of video games (32% of all surveyed busi-
nesses) most are involved in activities related to programming,
as well as web design and consultancy. The creators who are
not exclusively dedicated to the development of video games
(56% of respondents) join that activity with involvement in ac-
tivities related to programming (similar to what happens with
the businesses), or other digital activities such as illustration,
multimedia animation or training.

Analysing the main activities performed in the development
of video games one can detect, in the case of businesses, a ten-
dency for a greater dispersion of their expertise. All businesses
indicate the creation of original games as a main activity. Then,
among the other activities stand out design and prototyping,
publishing and artistic creation (sound, 3D modeling , illus-
tration, ...). Creators tend to demonstrate more a concentrated
expertise profile focused on two distinct activities. These are
design and prototyping, activity performed for about 60% of
creators, and artistic creation that was mentioned by about
40%. Video game ports for other platforms and the develop-
ment of middleware (to integrate in the pipeline from other
businesses) are done only by a residual percentage, both in the
case of surveyed businesses and creators (see Table 1).

Employment

The surveyed businesses reported 272 full-time and 48 part-
time employees, and 55 freelancers, which corresponds to a
total of 375 workers. Thus, it is estimated that the total num-
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Figure 2. Games developed by businesses in Portugal. Source: Survey
to Businesses and Creators (January 2016)

ber of direct jobs generated by the industry in Portugal is in
the range of 658-1204 employees. The values that define the
boundaries of this range were extrapolated based on a pro-
jection calculated from the sample used in this study, which
represents 25% of the 154 businesses that are in the project
database and about 50% of businesses confirmed to be effec-
tively in operation —77 businesses’. These calculations do not
consider the creators identified in the database , in order to
avoid double counting of workers (many of whom are referred
to by the businesses as a freelancer workers).

Although the average number of employees per company being
10.1, infers an industrial base composed of small businesses,
this does not correspond to the reality of this sector. If we
we subtract the 120 employees that are allocated to a single
company (based in Lisbon Metropolitan Area) from the total
of 375 workers who collaborate with these businesses, we get
an average of 7 workers per company (or only 4 workers per
company considering full-time employees). This is similar
to other sectors with higher levels of expertise and which
are technology-intensive and knowledge-intensive, this is an
ecosystem consisting of micro enterprises.

Portuguese Video Games

The businesses surveyed were responsible for the development
of 127 video games. Of this total, 110 (92% ) were sold on
the international market. This stems from the facility that
currently exists in publishing games for mobile platforms or
PC through the App stores and Steam as well as the small size
of the domestic market.

On average each company produced approximately 3 games.
This figure however hides a great disparity of situations in the
number of video games produced. One company has produced
15 of these games and there are 15 that were responsible for
the development of a single one (Figure 2).

Genre, target audience, tools

There is a wide variety in the genre of video games developed
either by businesses or by the creators. The genres most repre-
sented in the portfolio of Portuguese businesses and creators
are arcade, action, puzzle and adventure games. At least 30%
of businesses and/or creators claim to have developed these

9To calculate these estimates we have not considered the 120 em-
ployees working in one company that has responded to the survey,
because that number represents a singular reality.
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Figure 3. Percentage of businesses and creators working by genre.
Source: Survey to Businesses and Creators (January 2016)
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Figure 4. Target audience the agents produce gams for. Source: Survey
to Businesses and Creators (January 2016)

types of video games. It should be noted that over 50% of
the creators said they had worked in either Arcade games or
Action games (Figure 3).

Video games developed by businesses and creators share a
similar target audience (Figure 4) Video games developed in
Portugal are intended primarily for young people and adults,
following by children and, finally, the senior public.

Both businesses and creators develop games primarily for
Mobile and PC, with about a third of businesses and 15% of
creators having worked or currently working on console games.
Also about a third of the businesses and creators worked or are
working in video games designed to be played online (Figure
S5).

Regarding development tools, Unity3D is currently the domi-
nant development platform among the Portuguese businesses
and creators. More than 70% say they use it. In a distant
second place comes the Unreal Engine used by about 13%
of businesses and creators, and in third place Game Maker
Studio, used by 8% to 9% of cases (Table 2). Note also that Co-
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Tool / Platform Businesses  Creators
Unity3D 73.0 75.0
Unreal Engine 13.5 12.5
Game Maker Studio 8.1 94
HTML 5 8.1 0.0
Cocos 2D 54 0.0
Haxe Family 54 0.0
XNA 5.4 0.0
Own Engine 54 0.0
Flash 0.0 94
Libgdx 0.0 94

Table 2. Main development tools and platforms. Source: Survey to Busi-
nesses and Creators (January 2016)

cos2D is a main tool and platform used by the largest company
considered in this study.

Marketing and distribution

The main channels used for advertising video games devel-
oped in Portugal are social networks and the businesses’ own
websites. For about 60% of the businesses, but only 30% of
creators, the specialized press is also a channel used. Youtu-
bers or an owned YouTube channel, as well as the video game
industry events are also channels with expression which are
used by about half of the businesses and between 20% and
40% of the creators. About 35% of businesses and creators
resort to advertising. For cross advertising one needs to have
already a successful portfolio and so this channel is less used
(Figure 6).

In terms of distribution channels and sales, this is dominated
by the Google and Apple stores, with more than 60% of busi-
nesses declaring their use. Creators use less the Apple App
Store (less than 45% compared to over 70% for Google Play),
probably derived from its annual cost. The Microsoft service,
Windows Store, has just over 30% of businesses and 20% of
creators as users (Figure 7).

Steam is used by 40% of Enterprises and just over 10% of
creators. The reason for this difference is not clear, since
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Figure 6. Marketing of Portuguese games. Source: Survey to Businesses
and Creators (January 2016)
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Figure 8. Percentage of income derived from applied games. Source:
Survey to Businesses and Creators (January 2016)

both declare to develop PC games. This could be due to the
fact that many of the creators working on PC games do not
publish them directly, this being an activity that requires more
resources. To publish a game on Steam, for example, it is
currently required to go through a greenlight quality process,
which requires additional effort and some investment. About
20% of businesses distribute their games on digital channels
connected to game consoles such as Xbox Live or PSN. Their
own website is used by about 30% of businesses and creators,
Other channels, such as Facebook or physical distribution are
not currently significant.

Applied Games in Portugal

Only about 11% of businesses and 16% of creators declare
that applied games represent most of their income, while an-
other 10% of the businesses and 20% of creators declare some
activity in this type of games (see Figure 8).

Regarding the sectors of application of the games produced,
60% of businesses and 75% of creators working on Applied
Games indicate education and formation. There is also some
presence in the areas of information/comunication, health,
logistics, architecture and construction, security, and insurance
(see Figure 9).

Economic Situation

For the development of video games in Portugal and in terms
of funding there is a heavy reliance on equity, with less than
50% of businesses and creators refering recourse to alternative
sources of funding. This is a signal of the lack of connec-
tion between the videogame production industry players in
Portugal and possible investors (see Figure 10).

It should be noted the lack of venture capital expression in
game development in Portugal, as well as the limited use still
made by Portuguese businesses and creators of alternative
funding sources such as crowdfunding .

About 95% of businesses and 85% of creators assess access to
credit as difficult or very difficult. This difficulty experienced
in accessing credit helps explain the weak presence of the
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Figure 9. Percentage of income derived from applied games. Source:
Survey to Businesses and Creators (January 2016)
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Figure 10. Origin of the financing for game production in Portugal.
Source: Survey to Businesses and Creators (January 2016)

traditional sources of financing for the development of video
games in Portugal (see Figure 11).

Regarding the sources of revenue associated with the video
games produced in Portugal, businesses mention that the most
common source is the sale of the game itself (65%). About
half of these agents also report sales within the game (micro-
transactions) and just over 40% refer to advertising or spon-
sorship. This final source of income is the most common
among creators, with over 50% mentioning it. Other sources
of revenue such as subscription, crowdfunding or early access,
services or merchandising sales are always referred to by less
than 10% of respondents (see Figure 12).

Only about 20% of businesses reported having revenues ex-
ceeding 50,000 Euros annually, with one third of businesses
saying they had income lower than 10 000 Euros per year,
which would not make them sustainable as sources of em-
ployment (Figure 13). As for the creators, 56% said they had
annual revenues related to video games of less than 2,000
Euros.

This infers that many businesses and creators are still in an
early investment phase, without their games generating rev-
enue that enables a sustainable activity. Note that three busi-
nesses declared turnovers of between 250,000 and 500,000
Euros. It should also be noted that several businesses have
declined to reveal their revenues, including the company that
employs the most people (in our sample).
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Despite the high percentage of businesses that claims to have
low revenues, over 70% of businesses consider their financial
situation regular or favorable, which corroborates our assertion
that these businesses are in their investment phase. On the
other hand, on the creators side, the financial situation is a
cause for concern in 75% of cases.

To determine the overall turnover of the videogame industry
in Portugal, we consider the average value of each class con-
sidered in this question, and just for the sample businesses that
responded we obtain the approximate annual total amount of
2,100,000 Euros. Thus, considering the employment data, we
estimate the total turnover generated by the sector’s businesses
in Portugal to be in a range of between 6 and 12 million Euros.

Institutional Support

It is not frequent the recourse to public support for the develop-
ment of video games in Portugal. In fact, 94.6% of businesses
and 62.5% of creators have not benefited from any support
of this kind for the development of their activity. A small
number of businesses benefited from support of the programs
‘Compete’- QREN and MEDIA or MEDIA Mundus. In the
case of the 37.5% of creators who were recipients of public
support, we highlight the MEDIA and MEDIA Mundus pro-
grams, support from University institutions and the support
provided by local authorities.

The public support that benefited businesses and creators had
as a purpose the development of video games. Specifically,
this was the sole purpose identified by the businesses ( 66.7%
), while the creators received support not only for the devel-
opment of video games (50%), but also for the establishment
of partnerships and networks (25%), the acquisition new tech-
nologies (15%) and , to a lesser extent, access to new markets
(5%).

The future application for national or European support pro-
grams is mostly likely to support businesses. In fact, most of
these (60%) consider as ‘probable’ or ‘very probable’ that this
will happen, in contrast to the 31% probability in the case of
creators. Many of these creators (47%) consider ‘Improbable’
future application for public support (see Figure 14).
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A final question in the institutional support section of the
survey regarded the ‘Sociedade Portuguesa de Ciéncias dos
Videojogos’ (SPCV). This is a non-profit association that aims

to promote and develop the science of video games in Portugal.

In the absence of a proper industry body, SPCYV, despite having
academic roots, has tried to promote dynamics in video game
industry community.

The answers to the survey indicate that there is still work to do
regarding visibility and participation in SPCV activities. Less
than 25% of both businesses and creators affirmed to have
already taken part in activities or events sponsored by SPCYV,
and almost half of creators were not aware of the society (see
Figure 15).

FUTURE PERSPECTIVES FOR THE PORTUGUESE VIDEO

GAME INDUSTRY AND ACTIONS TO TAKE

Despite all the difficulties that were highlighted by the survey,
the general tone is one of optimism for the future. Asked
about their opinion of the future evolution of the economic
and financial situation of the Portuguese video game industry
a large majority believe it will improve. Also around 60%
of businesses and 70% of creators are confident of the future
affirmation of Portugal in the global video game industry (see
figures 16 and 17).
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Figure 17. Confidence in the future affirmation of Portugal. Source:
Survey to Businesses and Creators (January 2016)

Barrier Businesses  Creators
Lack of Capital Ist 1st
Lack of public support 2nd 2nd
Human resources 3rd 3rd
Institutional Support 4th 4th
Localization 5th 5th
Facilities 6th 5th

Table 3. Main barriers to the development of the video game industry in
Portugal. Source: Survey to Businesses and Creators (January 2016)

We also asked the industry players what were in their opinion
the main barriers to the further development and affirmation of
the video game industry in Portugal. Both businesses and cre-
ators ranked them as described in Table 3. Lack of investment
capital was identified as the main factor holding the sector, fol-
lowed by a lack of public support (regulation, fiscal incentives,
etc) , and human resources in third place.

Given the state of the Portuguese video game industry as
characterised by the survey and interviews, we have identified
a few institutional actions that should should be undertaken in
order to strengthen the sector.

Know better

The work presented here is pioneer in trying to characterize
the industry of video games in Portugal . Given the growing
international importance of the sector and its dynamics in
Portugal, there is the need to continue and deepen this work in
the years ahead. The regularity in the collection of information,
as well as increasing the response rate to the survey appear to
be the main challenges to the characterization and monitoring
of this industry. While the presented results are just descriptive,
more data and its evolution along time will allow to extract
trends and best practices that will allow better decision making
by the industry agents.

Game on, Portugal

The lack of private funding and public support in its differ-
ent facets (eg. Industry regulation, fiscal and / or financial
incentives, etc) are the main barriers to the development of
the video game Industry in Portugal. The sector’s potential
as a development lever justifies the design of specific public



policies, given the importance of video games as a cultural
product with great capacity to export and with high added
value as well as its strong contribution to innovation in other
sectors. The introduction of public incentives in Portugal (as
already happens in other countries where the development of
video games is comparable to film-making) could prove to
be critical to retain, attract and leverage benefit-generating
resources for the national economy. This in order to, first,
not to waste the investment made in recent years at the level
of higher education in this area and, second, to support the
maturation and growth of enterprises and the enormous talent
and energy that characterizes them.

The tripple-helix

The triple helix model [3] was developed in the context of
knowledge based economies, and it considers three ’sub-
dynamic’ interactions between Education, Industry and Gov-
ernment. Applying this model, we need, besides public sup-
port, to strengthen innovation, differentiation and added value
by supporting industry collaboration with the Scientific and
Technological System through communication lines that re-
flect the specific and transdisciplinary aspect of video game
innovation. Many successful games start as student projects,
exploiting new ideas and technologies from the safe harbour
of higher education facilities. We need to find support mech-
anisms that allow those students to transfer that work and
experience to enrich the Portuguese industry.

CONCLUSIONS

This study represents a new approach to understand the dy-
namism of the Portuguese Video Game industry at a time
where a shift towards smaller businesses and indie develop-
ment has occurred in the global market due to technological
evolution. It is an opportunity that a small but growing in-
dustry in Portugal is aware, and wants to take advantage off.
This industry is constituted mainly by micro enterprises that
produce games for the international market. It is a fragile
sector, much dependent on own equity for investment funds,
and almost totally ignored by the Portuguese state. If Portugal
is to take advantage of the moment to create a sustainable in-
dustry, several action should be taken. Those have to do with a
better knowledge of the Portuguese video game industry, this
study being a first contribution to this necessary effort, state
industry incentives, namely in what regards funding, and the
reinforcement of the connections with the academy.
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ABSTRACT — This paper uses a communication sciences
methodological approach (arts-based research’) in the way it
combines speculative thinking, game design and game theory
to the interpretation and future use of new gaming devices
and software for Virtual Reality game and play experiences.
Starting with the following research questions: Is it possible
to combine game engines and virtual reality HMD’s to
enhance presence? Can these peripheral devices sometimes
ruin the gaming experience? The aim of this article is to
generate and disseminate knowledge in the game design field,
in general, and in the use of new devices applied to game and
play environments, in particular.

INDEX TERMS — Virtual reality, oculus rift, gaming
experiences and play installations.

1. Introduction

Gaming history is prolific in creating rooms or devices to
enhance game experience and to create a perceptual
feeling of presence and/or immersion. From Morton
Heilig’s arcade concept (1962) to Ivan Sutherland’s Head-
Mounted Display, The Sword of Damocles (1965-68)
ideas. From Myron Kruger’s Videoplace (1974) to cave
software (cave automatic virtual environment, Electronic
Visualization Lab at University of Illinois Chicago,
1996%). The pioneers of virtual reality (VR) wanted to
research new possibilities of escaping into alternative
worlds, rabbit holes or dream spaces. In the abstract of
“Virtopia: Emotional  Experiences in  Virtual
Environments”, a 1996 article, from Jacquelyn Ford Morie

"For more on arts-based research please Cf. O'Donnell, D.
(2015), “So You Want to be an Artist: when social scientists don
the beret”. In https://medium.com/@darrenodonnell/so-you-
want-to-be-an-artist-when-social-scientists-don-the-beret-
a9d32f272fb5 (accessed 25.10.2015).

> CAVE was designed and created by Margaret Dolinsky one of
the few women working in Virtual Reality. For more information
on this please cf. Hrvoje Prpic article named “We Need More
Women in Virtual Reality!” In
https://www.linkedin.com/pulse/we-need-more-women-virtual-
reality-hrvoje-prpic (accessed 19.11.2015).

Videojogos’16, Nov 24-25, 2016, Covilha, Portugal
Frutuoso Silva e Pedro Santos (eds.) ISBN 978-989-20-7148-0.

and Mike Goslin, is stated “few people create virtual
worlds in the context of artistic expression. Key to
providing intriguing and engaging worlds is an
understanding of the power of emotional content. The
authors propose that an emotive response can be elicited in
a subject through strategic use of imagery and sound in a
virtual environment, which will enhance the sensation of
immersion in the simulation and thereby help to
compensate for the inadequacies of contemporary
technology. Their artwork, Virtopia, draws on psychology
in its implementation of virtual-reality technologies to
produce aurally and visually immersive environments that
engage the participant on an emotional level.”* (Goslin &
Morie, 1996: online)

Mixed and virtual realities support in the immersive
environment our feeling of presence and recreate our
sensorial apparatus, a Holodeck, a fictional facility
featured in the Star Trek universe in which_our entire body
can interact with digital objects or assets. Console and
interface pioneers did the rest to make us feel inside a
digital world. William A. Higinbotham gave us interaction
with a meaningful purpose with Tennis for Two (1958).
Steve Russell invented the first shoot’em’up (Spacewar!
1962). Ralph Baer created the Brown Box (1966) and
Nolan Bushnell the gaming industry (1972). Douglas
Engelbart imagined the mouse and the chat room and Alan
Kay gave us a fiction to interact with, windows to
organize and the programming environment to play with.
As David Greelish states in his interview with the author:
“Alan Kay is known for the Dynabook — his decades-old
vision of a portable suite of hardware, software,
programming tools and services which would add up to
the ultimate creative environment for kids of all ages.
Every modern portable computer reflects elements of the

3 Goslin, M. & Morie, J. (1996), "Virtopia": Emotional
Experiences in Virtual Environments”. In
http://www.researchgate.net/publication/275697472_Virtopia_E
motional_Experiences_in_Virtual_Environments [accessed
19.11. 2015].
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Dynabook concept — the One Laptop Per Child project’s
Xo Above All Others — and yet none of them have fully
realized the concept which Kay was writing about in the
early 1970s.” (Greelish, online: 2013) Dynabook had the
intention of merging all the portable devices (tablets,
smart phones and personal computers). The casual
revolution reinvented vintage devices and created new
players (Juul, 2010).

During the nineties virtual reality gaming machines started
to appear and the field was divided into two different
branches, one, with a focus in art and design installations
and, another, connected with entertainment software,
mainly digital games. Today we find a rebirth of indie
connections between gaming and art installations. (cf.
Gouveia, 2013) Andy Bossom and Ben Dunning argued in
their book about game industry, “we should consider how
the medium is being transformed as video games enter a
period of cultural maturity. Away from the gilded halls of
the big business that dominate the industry and their AAA
titles, indie games have become a thriving playground for
fresh ideas, uniquely styled outcomes and laid bare game
mechanics (Bossom & Dunning, 2016: 109). We are
witnessing a rebirth of short term interactive marketing
experiences, art installations, interactive devices applied to
health and/or indie games and play installations. Some of
these experiments are taking advantage of the strong
feeling of presence you can get when using VR Head
Mounted Displays like Oculus Rift.

II. Mainstream Culture (consoles) and VR
devices and techniques

In the first two decades of the 21st century various types
of consoles were made with different goals. Wii
(Nintendo, 2006) inserted the human body movement into
the game space, using wiimote and nunchuck as peripheral
devices, extensions of their on physical body, players
could engage in a mirror like relationship with their
avatars. The previous consoles’ static bodies became
immersed into the gaming environment. It worked well for
some kind of game typologies, sports and body related
interfaces, but not for all gaming experiences like puzzles,
first person shooters or sand boxes, to mention just few
examples.

Previously, Playstation I, IT and III (Sony, 1994) wanted to
detail the image of the body with accuracy and pixel rigor
to enhance the feeling of consistency and presence.
Motion capture systems and software helped insert the
realistic movement into games and animations but
sometimes was less consistent with the artistic aims of the
product and Computer Generated Imagery (CGI) would be
more appropriated for aesthetical purposes (Gouveia et al.,
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2008; Gouveia, 2010). A “real” faked world imagery, with
a strong and interesting plot or story, a cognitively
demanding environment, would be enough to create a
sense of multiple channels of sensory information
(Madigan, 2010; 2015) but the proprioceptive, our senses
coherent moves according to external stimulus, increased
the feeling of consistent action and reaction (Gouveia,
2010).

Nintendo Wii enhanced game characteristics leading to
spatial presence. Schematic movements are activated but
the sense of agency and the transfer of agency to the
virtual space may be a severe amputation which the digital
games propagate. The proprioception, the sense of
knowing one’s position in space involves a combination of
somatosensory perception in which we, as human beings,
detect 3D objects by touch (eye-hand coordination, hand
position, body movement, visual effects, sound design,
conformation, etc.). Since force is necessary for real life
but seems to be dispensed in games, the proprioceptive
and somatosensory stimulus stops being symptomatic of
this physical goals. There is a dichotomy, for example, in
the Wii game box: “acting upon other agents and being
acted upon — the active and tense acts of hitting someone
virtually benefits to some extend from the ability to
actually make punching motions, but the patient-relations
involved in boxing match must be left to the audiovisual
feedback and since this is comparatively sparse when
hitting or blocking in Wii Boxing, the game does not do a
very good job of fostering ownership of the virtual body in
that situation” (Gregersen, A. & Grodal, T., 2009: 77).
And the authors warn: “In other words, players can dance,
swordfight, and fish the nights away in the comfort of
their living room, but they still get no hugs or kisses”
(Ibid., 81).

According to Jamie Madigan, “characteristics of games
that facilitate immersion can be grouped into two general
categories: those that create a rich mental model of the
game environment and those that create consistency
between the things in that environment.” (Madigan,
online, 2010). Consistent action is a key factor to enhance
immersion. Kinect system for Xbox 360 (Microsoft, 2010)
continues the same trend of inserting the player body into
the game space used in previous gaming technologies. It
also contributed to merge experimental game design and
play installations (indie game play) and mainstream
entertainment products (triple A games). Although Kinect
system wasn’t to well received among hardcore players it
shaped a new trend in indie installations and gaming. The
same can happen with VR technologies such as Oculus
Rift or similar.

Virtual reality merged with game consoles and engines
made gaming more inclusive. Casual games increased the



number of players who can afford to play and gave them
more chances to be able to participate in short game
sessions and different types of playability (Juul, 2010).
Games became available everywhere (tablets, smart
phones, personal computers) and to everybody (different
ages and genders, ethnicities and tastes, etc.). We can
consider that the feeling of being inside the game or the
VR space can generate empathy with real people or game
characters. We can use VR technologies and gaming
devices to affect other people lives and environments.
Chris Milk in his TED Talk named “How Virtual Reality
can create the ultimate empathy machine” (2015)
considers that VR can change and affect the lives of
millions of people. (cf. Watercutterin, online: 2015a)

VR can be instrumental to insert participants into
experimental documentaries and films where they are
integrated into the “other” life. This field is just about to
begin. Watercutterin considers, the immediacy of the 360-
degree VR view gives the film a poignancy that a news
report simply can’t. This technology is being used to
immerse interactive participants into human dramas, Ebola
disease, in Waves of Grace, or Clouds Over Sidra, a VR
experience about a young Syrian refugee in Jordan. As
Watercutterin states, “it’s a powerful message even when
read on paper, but when heard while standing amongst the
orphans themselves and the graves of some of the more
than 4,800 lives Ebola has claimed in Liberia, it’s
downright heartbreaking.” (Watercutterin, online: 2015b)
The sense of being there with these victims is a powerful
tool to create awareness and empathy. Game play devices
and VR technologies can be instrumental to help real
world problems and to catch new audiences.

III. Story, Texture, Force Feedback, Level
Design, Mapping and Architectural Coherence

The haptic experience is connected with our skin surface
and in a game we receive force feedback, motion
stimulation and vibration. (Bogost, 2008) According to Ian
Bogost, in a Gamasutra article about the use of texture in
digital games, “in the era of 3D computer graphics, texture
is a term frequently used in technical talk about video
games. Textures are the graphical skins laid atop 3D
models so they appear to have surface detail. Texturing
techniques like bump mapping and normal mapping use
two-dimensional image data to perturb the lighting
patterns applied to objects by 3D rendering algorithms to
make them appear to have a surface texture that is not
actually present in the 3D model itself. These simulate the
appearance, but not the behavior or sensation of texture.
This is nothing new; The Fine Arts have often done
similar. Unlike paintings games are not static scenes or
objects -- they are interactive models of experiences. To
simulate the behavior, rather than just the appearance of
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texture, games have to use more than visual effects.”
(Bogost, online, 2008)

Bogost considers that texture in digital games goes far
beyond visual effects and that sound design and simulated
properties of the physical world (visuals, sounds, coherent
movements, etc.) can increase the immersive feeling of
texture. Bogost’s statement is consistent with Jamie
Madigan’s concept of multiple channels of sensory
information, which “means simply that the more senses
you assault and the more those senses work in tandem, the
better. A bird flying overhead is good. Hearing it screech
as it does so is better. 3D may also play a role here, and
we can all agree that smell-o-vision will herald in a new
era of spatial presence” (Madigan, online: 2010; 2015).

Touch is an undeniable factor of gameplay, argues Bogost,
and it will be appropriate to force feedback because if “the
player still does not feel the texture of the road or the
brush of the grasses when he plays, but only the cold
plastic of the controller” (Bogost, online: 2008) she/he
might leave the game experience. The author continues
“unlike painting and sculpture (which forbid touch) and
music (which cannot accommodate it), video games
require user participation. (...) Tactile computer
interfaces, or haptics, became a consumer industry by the
early 1990s, with companies like Immersion developing
cheaper, simpler sensors and motors that allowed such
devices to be integrated into objects other than the
expensive, awkward gloves and vests of dedicated virtual
reality labs.” (Ibid., 2008)

In this scenario, following Bogost, Nintendo 64 Rumble
Pak add-on appeared and that’s why, “we usually call
haptic feedback in video games "rumble." Rumble_allows
games to create tactile sensations in addition to visual and
aural ones. Cars can now seem to bump with the changing
texture of asphalt, gravel, dirt. Technically, rumble in
contemporary game systems is more or less all alike:
motors spin one or more unevenly molded weights in a
housing within the body of a controller. But despite the
simplicity of rumble, its effects are quite varied: the pulse
of a heartbeat signifies health and instils fear in Silent Hill,
a tackle in Madden NFL registers physically as well as
visually; the tremor of a gunshot in Call of Duty alerts the
player to unseen dangers from behind or above; the
vibration of the steering wheel in Gran Turismo
communicates the force of cornering around a hairpin at
speed. The subtle signal of a motor signals the cursor
entering a button in the Wii sports menu screen; a jolt to
the hand in MVP Baseball alerts the player to an opponent
stealing base; a spin of the rumble pack in The Legend of
Zelda: The Ocarina of Time signifies the loose feel
beneath Link's feet when a treasure is buried beneath the
ground he stands upon.” (Ibid., 2008)



For Bogost, Rumble increases immersion, makes players
feel part of the game and orients them with consistent
feedback through the ludic space. For game designer and
scholar Ernest Adams “many modern controllers include a
vibration feature, which you can use to provide sensory
feedback (often called rumble) about games events.
Although rumble is not technically an audio element, the
player can usually hear it as well as feel it.” (Adams,
2010: 231). Rumble creates a synesthesic effect, when you
stimulate one sensory or cognitive pathway, the audio
element, it connects with touch and visuals, and you
experience sensations in various senses.

A coherent level design can also contribute to the sense of
presence in game worlds. For game designers like Jesse
Schell, "all a level designer does 1is arrange the
architecture, props, and challenges in a game in ways that
are fun and interesting - that is, making sure there is the
right level of challenge, the right amount of reward, the
right amount of meaningful choice, and all the other things
that make a good game.” (Schell, 2008: 343) Game
development requires the creation of rich spaces that make
us feel immersed in maps that involve locales, stages or
missions. Cultural contexts and surroundings influence
everything on the screen. Dan Taylor, who has been in the
game industry for over 15 years, considered, in 2013, that
good level design is based in ten basic principles: i. Fun to
navigate; ii. Does not rely on words to tell the story; iii.
Tells the player what to do, but not how to do it; iv.
Constantly teaches the player something new; v.
Surprising; vi. Empowers the player; vii. Allows the
player to control the difficulty; viii. Efficient; ix. Creates
emotion; x. Driven by your game’s mechanics. According
to Taylor, “videogames are driven by interaction, (...) so
stage design should be considered as a ‘gameplay delivery
system’. That means bringing together artists, stage
designers and programmers to work towards the same goal
— interdisciplinary communication is vital for success.”
(Taylor, online: 2013)

Games can give players new patterns to research and
resolve within the game environment, new places to
explore and navigate. Jon Brouchoud considers that “the
use of hierarchy in architecture is also an important and
incredibly useful tool in game design. An architectural
experience where all design elements carry the same
visual weight isn’t as meaningful or organized as when
some elements are differentiated through scale, color,
texture, shape, etc.. By contrasting rhythm with
hierarchy, the player can enhance the game’s wayfinding
strategy by making it easier for the player to ‘read’ a
building to help remember their relative position in space
and to understand where important elements of gameplay
can be found.” (Brouchoud, online: 2013) And the author
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continues, “urban design, and the way building exteriors
work together to shape outdoor space, can also play a role
in the design of your game. (...) Placing a monument or
statue at the end of a visual axis can help orient the player,
and make it easier to remember where the player is located
in relation to the rest of the level.” (Ibid., online: 2013) A
clear visual map and some clear props to orient the player
can be very important to create design consistency and to
keep the participant immersed within the game
environment. Level design can find inspiration in
architectural approaches to orient the player in her/his
journey (cf. Totten, 2014).

Phillip Robinson, from the Museum of Gaming Research
Center in UK, writes, in the abstract of his draft paper
titled “Designing games for Virtual Reality: A Valiant
Example” that “Virtual Reality games need to be designed
with the particular requirements of immersive gaming in
mind and they need to play to the strengths of immersion
whilst dealing with the unique issues that Virtual Reality
games can create. One of the unavoidable problems with
current hardware (2015) is simulator sickness and whilst
new hardware will bring inherent improvements good
game design now is actually more important and this
foundation will be built upon when consumer devices are
available (...).” (Robinson, online: 2015)

Story, texture, force feedback, level design, mapping and
architectural coherence can contribute to the feeling of
immersion in game spaces. Is it possible that the use of
Oculus Rift or similar HMDs can jeopardize this sensation
by imposing too much proximity in our sensorial
apparatus? Besides Oculus Rift, owned by Facebook,
other companies, like Sony, Valve, Samsung, Microsoft or
Google, are creating similar devices these days. VR
technologies will become part of our future gaming
experience. Virtual reality is everywhere again, states
Brenda Laurel, clarifying what VR is, i. e., i. a complete
surround environment; ii. affordances for depth perception
and motion parallax; iii. spatializhed audio, not just
stereo; iv. affordances for tracking the participant’s
direction of motion distinct from the direction of gaze; v.
the participant’s sensorium as the camera; vi. natural
gesture and movement; vii. affordances for narrative
construction; viii. the principle of action.” (Laurel, 2016:
online)

Although “great technical improvements”, argues Laurel,
“are making great progress; e. g., frame rate, visual
convergence, 3D modeling, and fine-tuned body tracking
through video or other means. My intent is to describe in
specific terms the formal and structural aspects of a
particular form that was and is called Virtual Reality. I
also want to warn younger folks of the consequences of
stretching a name too thin. Back in the 1990s, that’s



exactly what happened - and the form, along with
discoveries of those who created it - largely disappeared.
Let’s be mindful of that this time around.” (Ibid., 2016:
online)

IV. Oculus Rift VR Experiences and the impact of
virtual reality

Two Oculus Rift prototypes were made available for
purchase as “development kits” (DK1, in 2012; DK2 in
2014). This was an opportunity for game developers and
producers to explore and design game products oriented
for Oculus Rift in its release date. At Noroff University
College, in Norway, we had the chance of working with
this technology and to engage students in some
experimental projects using one of these prototypes. Our
aim was to use an integrated arts-based research
methodology, following the previously quoted article of
Darren O’Donnell, where we merge knowledge
production and dissemination with a participatory
strategy: “knowledge analysis that happens naturally in an
embodied way through participation. This integration of
production and dissemination, plus the addition of the

analysis phase — typically missing from art-based
methods (usually occurring with the application of non-
artistic methods) — puts socially-based art works in a

decisively strong position.” (O’Donnell, online, 2015)

Raymond Hansen, a bachelor student in Interactive Media
at Noroff University College, presented a final thesis
research focused on the possibility of creating Appealing
Architectural Visualizations using 3D animations made on
Maya Software, Oculus Rift development kit and the game
engine Unreal Engine 4. This student found that the
biggest obstacle against VR experience is motion sickness.
He reported, on his final thesis, that several people were
complaining about getting sick within minutes of using the
Oculus Rift, but some people don't react at all. The student
found himself sick, nauseated for almost six hours, after
testing Oculus Rift during 30 minutes (Hansen, 2015: 29).
This research is consistent with our own tests with
colleagues and students at the Faculty of Interactive Media
(Games and Animation) at Noroff University College.

Raymond Hansen also found that both the resolution and
the ergonomics of Oculus Rift have to be increased.
According to this student, “The currently available
Development Kit (DK2) feels kind of heavy, and after a
few minutes of usage, sweat does build up, because of the
intensity of the experience, and that is not that appealing.”
(Hansen, 2015: 30).

The Oculus Rift website promises “the magic of presence”
where “The Rift’s advanced display technology combined
with its precise, low-latency constellation tracking system
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enables the sensation of presence — the feeling as though
you’re actually there. The magic of presence changes
everything. You’ve never experienced immersion like
this.” (Oculus VR website, 2015) For Oculus VR, “seeing
is believing” and “The Rift uses state of the art displays
and optics designed specifically for VR. Its high refresh
rate and low-persistence display work together with its
custom optics system to provide incredible visual fidelity
and an immersive, wide field of view.” With an
“Advanced and refined design, from the moment you pick
up the Rift, you’ll feel and see the attention to detail that
went into its design and construction. Customizable,
comfortable, adaptable, and beautiful, the Rift is
technology and design as remarkable as the experiences it
enables” (Ibid., 2015). And the company is also
“introducing Oculus Touch, a new pair of tracked
controllers that let you take your VR games and
experiences further than ever before” (Ibid., 2015).

According to Hansen, “experiencing Virtual Reality with
the Oculus Rift is really immersive. The brain is actually
fooled to believe what we see is real, but that is also part
of the problem. If the brain is “sensing” that we are
moving in a virtual world, while we're sitting still, it's easy
to become motion sick — which is the biggest problem
with virtual reality devices today. The motion sickness
[sensation is not a pleasant one]. The resolution is also too
low, as each OLED display only has a resolution of 960 x
1080 per eye. It's just not enough for a smooth experience,
but Oculus has already done something with this with the
Crescent Bay version [more recent versions]. People who
have tried it reported that the resolution has been increased,
but Oculus themselves has not released any official
information on what the resolution in Crescent Bay is, and
the resolution will probably increase again in the
upcoming consumer version.” (Hansen, 2015: 26).

The impact of virtual reality devices on human behavior
is still a concern for researchers. According to the article
“Long-term effects of virtual reality use need more
research, say scientists”, from Nicola Davis, there is
plenty of work to be done. Virtual reality systems can be
used in a host of therapeutic situations, from helping those
living with post traumatic stress disorder to those suffering
from depression, but we need to consider that maybe this
technology could have detrimental effects and it is better
to stop using the headset if you feel unwell. Good advises
could be don’t use this technologies for more than 30
minutes and make sure someone is keeping an eye on you.



V. Vertigo play (Ilinx)

Oculus Rift VR experiences look like thematic parks or
installations which deal with our perceptual apparatus.
French game scholar, Roger Callois, in his attempt to
classify game typologies called these strong sensations or
vertigo experiences Ilinx. Ilinx is the Greek word for spin,
twist, from which derives the Greek word for dizziness
(vertigo / ilingos). Ilinx is disorder that takes an organic or
psychological form. A sense of brutality and intensity
capable of troubling human beings. The industrial
revolution was lavish in machine construction and
powerful devices and vertigo becomes a kind of game /
play (Callois, 1961: 24-25). Sometimes these devices
make us feel dizzy, let us jump into imaginary worlds,
other times, the cinematic atmosphere can make us travel
to real worlds, like in the above mentioned VR
experiences Waves of Grace about Ebola, or Clouds Over
Sidra, about a young Syrian refugee in Jordan. The
experience could be so intense that it is not bearable for
too long. As Callois argues in his previously quoted book,
Man, Games and Play, Ilinx is more play (paidia) than
game (ludus).

At this stage we can now answer our research questions
which were the following. Is it possible to combine game
engines and virtual reality HMDs to enhance
presence/immersion? Can these peripheral devices ruin
the gaming experience? We consider that the use of VR
devices such as the Oculus Rift can be appropriated in
short term play experiences but that they can be a source
of discomfort for long term gaming experiences where the
player should focus in other components of game play.
The intensity of VR experiences could eventually make
the player lose focus of the story and the consistency of
the game world can be ruined. The capacity to directly
interact with the game world can deceive players with a
sense of real agency but if the experience is not short it
can leave participants with a sense of nausea or
discomfort. Short sessions are also available in thematic
parks to make sure people can recover from such a strong
vertigo. Games belong to a different branch of meaningful
experiences and even if they can be combined with play
moments, for Oculus Rift or other VR technologies use,
they will still need some breathing room to let players
solve puzzles, accomplish missions, explore maps and
stories. With or without the strong effects of VR, vertigo
and paidia, for now games will keep their path through
ludus experiences, with chance and competition, joining
only simulation and ilinx if appropriated by their game
design.

According to Phillip Robinson, in his previously quoted
draft paper, “VR games need to be designed with the
particular requirements of immersive gaming in mind and
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they need to play to the strengths of immersion whilst
dealing with the unique issues that VR games create. One
of the unavoidable problems with current hardware (2015)
is simulator sickness and no matter how good a game is, if
it makes players feel sick they are unlikely to embrace it.
(Robinson, online: 2015)

Robinson considers that “the problem is that as the level
of immersion that a VR game offer increases it has a
negative effect on the player’s brain. The immersive
nature of VR allows players to become convinced that
they are in motion and they begin to experience an
increasing amount of sensory conflict.” (Ibid.: 2015) This
is consistent with Raymond Hansen’s experiments and
exemplifies how important it is to focus on game design
and to research some technological effects to see if they
are supporting our creative ideas instead of dominating
them. The game design should be consistent and the game
concept and art should be coherent with the game
technological apparatus and the player feeling of agency.
For Robinson, “improved hardware is on the way, the
Vive headset and the commercial release of the Oculus
Rift both have faster refresh rates and higher resolutions
than current development hardware and this will lessen the
effects of simulator sickness. Whilst new hardware will
bring inherent improvements good game design is actually
more important and here the game Valiant by “Offpeak
Games” [3] has produced an experience worthy of
examination.” (Ibid.: 2015)

Following Phillip Robinson’s and Raymond Hansen’s
research in using Oculus Rift for different purposes, i.e., to
explore in a fun way architectural places or to play games,
we can suggest that we need to take into account our body
congruence with the game engine and external devices in
harmony with game design decisions (characters, worlds,
actions, reactions, textures, visual details, maps, sounds,
among other factors) and player agency. As Robinson
states, “simulator sickness is a natural response by our
physiology and in the world of VR it is immersion that we
are after. Immersion is key to the experience and
convincing our brain that what it is seeing and
experiencing is reality is the whole purpose; it is a trick
and our bodies do not always respond well to being
tricked. (Ibid.: 2015) To play with a purpose is a key
factor to the feeling of agency and/or presence.

VI. Play with a Purpose (Indie Games and
Marketing Strategies using VR technologies)

Christina Campodonico’s article “Play with a Purpose” at
the Argonaut online published last October (2015) shows
a IndieCade 2014 show reel where we can find various
interactive experiences with VR devices such as Oculus
Rift. Indie games promote multiple disruptive and old



school techniques as we stated elsewhere (Gouveia, 2013)
and it’s a territory open to experimentation. According to
Campodonico, “IndieCade challenges such stereotypes
about the world of gaming by celebrating independent
games and game designers from all over the country and
the world. From board games to scenarios set in virtual
reality, IndieCade welcomes games of all stripes — as long
as they might open your mind.” (Campodonico, online:
2015) Innovated experiences such as those promoted by
IndieCade can accommodate Virtual Reality devices in a
creative perspective.

Marketing strategists can also integrate VR in their
product promotion. Tracy Brady in “8 things you need to
know before launching a virtual reality brand experience”
states that “Virtual reality is fast becoming one of
advertising’s buzziest tactics, and technologies like Oculus
Rift have made it possible to create rich, multisensory
virtual experiences. Last year during the Word Cup, Coca-
Cola held a virtual reality experience [created by Ydreams
Brazil] for fans, giving them a peek into locker rooms in
Brazil’s Maracana Stadium. HBO has also been an early
adopter, replicating a massive wall of ice from its hit
television series “Game of Thrones.” The wall of ice
allows users to experience wind and floor shaking as they
travel in a virtual elevator along the icy face.” (Brady,
online: 2015)

Tracy Brady considers that we should take into account
eight things when we start design a VR experience. First,
we should think about the all strategy and to adapt
technology to the goals of the brand. Second, we have to
watch out for motion sickness. Third, technology is key,
“the tech experience is dependent upon having a processor
powerful enough to support the experience from a
graphical standpoint. For something like Trailscape
[Merrell’s “Trailscape,” the immersive sensory experience
debuted at Sundance Festival in 2015], the depth of the 3D
environment and the speed at which the engine needed to
react to human head/eye movements couldn’t be supported
by a consumer-grade computer and requires a custom-
build CPU in order to run.” (Ibid., 2015) Fourth, “expect
the unexpected”, debug the system. Fifth, “Go beyond the
visual: For a truly immersive sensory experience, going
beyond the visual means considering factors like sound
design, tactile scenic components, and “4D” elements,
such as vibration and artificial wind. These are huge
factors in taking full advantage of users’ senses,
particularly for the exploration factor of Trailscape. Using
a VR headset as part of an experience isn’t news by itself
anymore; it’s now about context. In many ways, the
hardware/tech story is more about the content and using
VR headsets in ways that make sense for the medium and
not just using the technology for its own sake.” (Ibid.,
2015) Sixth, “Optimize your location: The financial
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investment in something like this can be significant, and
the number of people who can experience it is often low,
so it’s important to have a plan to get the installation in
front of as many eyes as possible. (Ibid., 2015) Seventh,
“Keep costs in mind: As costs add up, the number of
active installations you can afford may have to be
minimized (...)”. Finally, “go for curb appeal: It’s crucial
to think about the “curb appeal” of the experience. If
someone walks in off the street, what do they see? Does it
look fun or impressive? Since a relatively low number of
people will be able to participate, and explaining VR
doesn’t do it justice, it’s important to keep in mind that
sharing photos of the installation and your physical setup
around it will be how most people will spread the word
about what you’re doing.” (Ibid., 2015) For the above
quoted author, “even though we’re still in the early days of
VR for marketing, it’s easy and exciting to imagine its
potential.” (Ibid., 2015)

VII. CONCLUSION

According to our research Oculus Rift can increase the
feeling of presence (immersion) in indie games and
installations but it might jeopardize other long term
gaming experiences. The design of these play
environments need to take into account several factors like
coherent texture, level design, consistent human machine
interaction and map planning. Virtual Reality remains a
vertigo (ilinx) territory, where users are so immersed in
the digital environment that they can play with their own
sensorial apparatus, but the all experience is so intense
that it can ruin other game design attributes such as plot or
story consistency, meaningful interaction and game play,
game mechanics, among others. Besides technical effects
for mainstream games Oculus Rift can enrich play
experiences in indie installations, documentaries about
reality and marketing strategies. Future research will
probably solve the Oculus Rift Development Kit
problems, like high-resolution imagery and reducing
latency, but a lot more tests need to be made to better
connect the Oculus with game engines and web browsers.

In Anna Burzlaff’s text “Aaron Koblin on VR
Storytelling” (2015) the artist states that what got him
excited about VR applications and tools was the potential
to change the way we communicate and think. For Koblin
today we are only scratching the surface of this territory
and we can achieve an unprecedented degree of intimacy
even if “someone unfamiliar with VR might find unusual
given the clunky headsets, wires, and other technical
wizardry (...).” (Burzlaff, online, 2015) The visceral side
of VR involves you in a powerful relation with your
senses where, says Koblin quoted in Burzlaff, "you can’t
look away, you’re fully immersed and vulnerable and
that’s a powerful thing. (...) Powerful VR content “has the



potential to connect its users to others and engage them in
emotional experiences that may otherwise to be too far
removed from their immediate environment. (...) The
difference is that being a part of virtual reality is not an
ephemeral experience between your imagination and the
storyteller. It’s actually a much more visceral presence and
experience when you’re a part of the environment. That
means there are also greater opportunities and a plethora
of challenges as well.” (Ibid., 2015)

For Koblin quoted in Burzlaff, “The applications of VR
are definitely not restricted to entertainment. Some of the
most exciting potentials lie in medicine, where doctors can
trail surgery in virtual environments, and psychology,
where immersive therapy has already been successful in
treating post-traumatic stress disorder in soldiers. It could
also prove invaluable for brands.” (Ibid., 2015) Indie
games will also take advantage of this new field and new
tools and techniques will be created to engage players and
their senses all over the globe. Oculus Rift (Oculus VR)
can increase the feeling of presence (immersion) but it
might jeopardize engagement in some gaming
experiences. Even though the powers of VR may not lie in
hardcore gaming they might open bright new possibilities
for exploration elsewhere, may it be medicine, art worlds,
documentaries or indie playful installations. VR can be a
truly meaningful experience.
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ABSTRACT

The importance of artificial intelligence in games has been
growing over the years due to the need of giving the player a
more challenging experience. Games like 8-Ball offer many
interesting challenges to both communities of Al and opti-
mization due to the continuous and stochastic characteristics
of the domain. To succeed, a player must be able to plan
the best sequence of shots and execute a shot with accuracy
and precision, so he does not lose the turn. There are already
several artificial players, however they tend to take more than
30 seconds to select and execute a shot. Under a videogame
setting, a player would give up playing the game if he had to
wait that long for his turn. To address this problem, we pro-
pose a real-time solution for an 8-Ball artificial player using
a Monte-Carlo Expectimax hybrid search algorithm with ray
tracing techniques.

Author Keywords
Artificial Player; Billiards; 8-Ball; Stochastic Game; Video
Game; Real-time

INTRODUCTION

Artificial players for 8-Ball games have been a topic of inves-
tigation due to interesting aspects that cannot be solved using
the traditional methods of the classic games [5]. Having a
continuous and stochastic domain makes it possible to have
an infinite number of states and actions. It is also difficult to
predict the resulting state of an action due to perturbations on
the environment that cannot be controlled by the player (t is
very unlikely that two shots with the same parameters lead to
the same resulting states).

In the last years a competition called Pool Computer
Olympiads has been taking place. In this competition partici-
pants had to develop an artificial billiards player and compete

Videojogos’16, Nov 24-25, 2016, Covilha, Portugal
Frutuoso Silva e Pedro Santos (eds.) ISBN 978-989-20-7148-0.
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with each other. All these artificial players, which will be
mentioned later in Section 3, focus on different aspects of the
game and explore different points of view to overcome the
design challenges found in 8-Ball.

One possible application of the state of the art in computer
billiards is video games. The games industry has been grow-
ing over the years. According to the Entertainment Software
Association ! statistics in 2014, 155 million Americans play
video games. Developing artificial intelligence for games
brings other interesting challenges such as dealing with lim-
ited resources, providing a response in real time and balancing
the skills. A professional pool player needs to have a good
planning and understanding of the table state to make the best
decision. For the artificial player to be able to do this and
compete with the best human pool players, it will need the
tools to plan the best sequence of shots, support a large va-
riety of shot patterns, mechanisms to evaluate and find good
reposition zones for the cue ball and methods to optimize the
shot parameters under stochastic environments. The artificial
players already developed for 8-Ball tend to take more than
30 seconds to plan the best shot to be executed. This delay
on the response would probably make most players give up
playing the game. In the context of this kind of games, players
are expecting a real time response from the opponent.

The main focus of this work is to develop a real-time artificial
8-Ball player capable of competing with the best players while
having a good balance between skill and resources used.

The rest of this document is structured as follows: first, in
Section 2, we present a short background of 8-Ball and an
overview of the characteristics of the game where the proposed
solution will be tested. In Section 3, we introduce and discuss
some of the related work already done. In Section 4, we give an
overview of the proposed solution as well as some explanation
of the key elements of MiniPool. The Section 5 contains
all the experimental results and analysis of the individual
contributions of each component of Minipool. Finally, in
Section 6, there is an overall discussion and future work.

1http://www.theesa.com/
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BACKGROUND

To provide a general idea of the challenges present in the
8-Ball game, we will describe the general rules used in the
game, as well as the shot parameters and the most common
shot patterns used by professional players.

8-Ball Rules

8-Ball belongs to the Pool-Billiards games family. It is a turn-
based game played by two players on a rectangular pool table
with 6 pockets and 16 balls (7 solid, 7 striped, the 8 ball and
the cue ball). The game begins with a player striking the cue
ball anywhere behind the headstring (line with a semi-circle,
illustrated in Figure 1) towards the cluster of the rest of the
balls (called break shot).

A player can only strike the cue ball and only using the cue
stick. To pocket a ball, the player can try to hit the object ball
directly with the cue ball, hoping that the velocity gain from
the collision is enough to make the object ball enter a pocket,
or using collisions with other balls or rails to reach that object
ball. The first ball to enter a pocket determines which ball type
(solid or striped) the player needs to seek, having the opponent
to seek the remaining type. The cue ball needs to hit a ball
when stroked and that ball has to be of the type that the current
player is seeking, otherwise the player is committing a foul. A
foul also occurs when the cue ball enters a pocket.

When a ball enters a pocket legally, the player keeps the turn
and must shoot again from the cue ball current position, oth-
erwise the opponent gets the turn. In the case of a foul, the
opponent also gets a ball-in-hand, which gives him the oppor-
tunity to place the cue ball anywhere on the table.

When the last ball of the current player enters the pocket, he
needs to seek the 8 ball. When the 8 ball enters a pocket this
way, and only at this situation, the player wins the game, but
if it enters a pocket in any other situation the player loses the
game immediately.

{#N7) @ (=)

Figure 1: Initial pool table layout

Shot Parameters
In every Billiards variant, a shot is defined by five continuous
parameters (illustrated in Figure 2):

e ¢ : Aiming angle,
e O : Cue stick elevation angle,

e V : Initial cue stick impact velocity,
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e g and b : Coordinates of the cue stick impact point on the

cue ball.
/ Top View

Side View

—

ead-on View

H
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/ cue ball
cue stick
o ¢

Figure 2: Parameters that define a shot in Billiards
(17]

Shot Types

Pocketing, striking and kissing are some of the events that
can occur in a regular 8-Ball match. The event that happens
when a ball enters a pocket is called pocketing; a collision
between a moving ball and a stationary ball with the purpose
of moving the stationary ball is called strike; a shot whose
purpose is just to adjust the trajectory of the moving ball is
called a kiss. A shot can also consist in a combination of
events. By combining them, human players can distinguish a
variety of shot types. The following are the most common [5]
(illustrated in Figure 3):

o Break shot: Initial shot, which has the purpose of dispers-
ing the initial cluster of balls.

e Direct shot: The object ball is directly hit by the cue ball
towards a pocket, without any other collisions involved.

e Bank shot: The rail is used to maneuver the object ball
towards a pocket.

e Kick shot: The rail is used to maneuver the cue ball towards
the object ball.

o Combination shot: A collision with another ball is used to
attempt to pocket the object ball.

e Pulk shot: Similar to combination shot but the two object
balls are very close to each other and align in a way that
they are pointing to a pocket.

o Kiss shot: An additional ball is used to adjust the trajectory
of another ball.

o Safe shot: This type of shot is used when the player as-
sumes that he is more likely to lose the turn. Its purpose
is to reposition the cue ball in such way that it makes it
difficult for the opponent to continue.

RELATED WORK

Currently, there are already several artificial 8-Ball players;
PickPocket [17, 18], CueCard [2, 1, 4] and PoolMaster [10,
11, 13, 14, 15], which participated in the Pool Computer
Olympiads, and JPool [5].



(a) (b) ()

@ © ()
Figure 3: Shot types: (a) direct shot, (b) bank shot, (c) kick
shot, (d) combination shot, (e) pulk shot, (f) kiss shot

[5]

To better understand the differences among them, in this sec-
tion, we will go through the most important topics, starting
with a possible game model for 8-Ball found by Christopher
Archibald et al.

Billiards Game Model

Christopher Archibald [3, 4] proved that billiards has a pure
stationary Markov perfect equilibrium [7]. This means that
when a player is selecting a shot to execute, he only needs to
think about the current state of the game to get the optimal shot.
At some state s of the game, he will not change his strategy
concerning on how that state was reached, whether the game
is at the beginning or at the end or whether the opponent is
good or bad. When selecting a shot, we want it to pocket a
ball and have the cue ball at a good reposition to continue
playing. If that is not possible under our strategy, we want the
cue ball to be at a position where a successful shot would be as
difficult as possible for any opponent. With this in mind, we
have theoretical proof that we only need to explore shots based
on the current and future states (for position play) of the game
to reach the optimal shot. Trying to understand who is our
opponent and what are his actions on the game will not give
us better results. If a strategy is optimal it will remain optimal
regardless the opponent actions and strategy. However, the
proposed model remains intractable due to the action space
being continuous. To compute the value of a state, we would
need to try all the possible actions, which are infinite. Thus,
any approach still needs to perform an intelligent search space
partitioning to overcome this problem.

Search Algorithms

For the particular case of 8-ball and considering stochastic
environments, PickPocket [17, 18] and JPool [5] suggested
Expectimax and Monte-Carlo as possible search algorithms.

Expectimax generates chance nodes for every action with a
stochastic outcome. These chance nodes will be evaluated
with their probability of occurrence. In the case of 8-Ball, a
direct approach would mean a sum of over an infinite number
of outcomes, each with a minuscule probability of occurring.

Monte-Carlo was used in almost all the artificial players that
will be explained in Section 3.3, with the only exception of
PoolMaster, since Monte-Carlo by sampling shots avoids the
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limitation of Expectimax and gives the developer more control
over the algorithm complexity.

PoolMaster uses a heuristic based search algorithm to select
the best sequence of shots. It clusters balls with the K-Means
algorithm [16] to improve the search and explore less riskier
shots first.

Shot Generation

8-ball has a continuous and stochastic domain nature, so it is
impossible to enumerate all the possible shots. Generating
only the most relevant shots for a particular situation is the
key for an intelligent search space partitioning that allows to
improve the overall performance of the program.

Since the shot generator algorithm differs for each one of the
artificial players, we will present them individually.

PickPocket

Generates shots one type at a time in an increasing order of
difficulty. Variations are generated by perturbing the original
shot with the base velocity retrieved from a precomputed table.
The break shot parameters are selected by sampling 200 shot
variations and selecting the one which returns the best results.
Safe shots are generated by perturbing V and ¢ and evaluating
in the opponent’s perspective. For Ball-in-hand situation, the
table is discretized in a grid and every cell is assigned with
the value of the best shot as if the ball was there, and then a
Hill-Climbing search is performed in several random cells to
find a local maximum.

CueCard

Similar to PickPocket, but it does not prioritize the shot types.
It clusters similar resulting states with K-Means to reduce the
state space. The Break Shot used was precomputed. The Ball-
in-hand is similar to PickPocket but before discretizing the
table, it tries to place the cue ball where the ghost-ball would
be (see Section 3.4).

PoolMaster

The focus of PoolMaster lies on position play. First it generates
all pairs ball-pocket possible given the current state of the table,
then it analyzes the table for the possible next shots. Once
this information is gathered, it calls an optimization algorithm
to minimize an objective function that takes into account the
distance to the next shot, as well as pocketing the target ball.

JPool

Takes a different approach, given that it models a shot as a
series of steps like a tree, not limiting itself to predefined
shot types. The break shot parameters were precomputed.
For position play, JPool creates polygons around every ball
where it would be a good place to pocket and then does a
line-polygon overlap detection using the trajectory of the cue
ball at maximum speed. The crossing zones are rated as if
the cue ball was there and the cue ball is aimed to reach these
areas. The rest of the parameters are discretized.

Aiming

PickPocket [17, 18] and CueCard [2, 4] use the traditional
concept called ghost ball (illustrated in Figure 4a). If the cue
ball is aimed in such a way that it hits the object ball in the



position of the ghost ball, the object ball will travel in the
direction of the target position.

PoolMaster [10, 11, 13, 14, 15] and JPool [5] use the same
concept in a different way. Instead of aiming the object ball
to the center of the pocket, they aim it to its limits, which
gives them two ghost ball positions (illustrated in Figure 4).
These leftmost and rightmost are adjusted to take into account
the possible obstacles in the way, so, if the ball does not fit
between these margins, the shot will be impossible [6].

4

object ball

ghost ball
cue ball

(a) Ghost ball concept [17]

)

N/

X

(b) Leftmost and rightmost concept [5]
Figure 4: Aiming concepts

Evaluation Function

A search algorithm evaluates shots to differentiate them and
selects the best one for execution. There are several ways of
measuring and differentiating shots from each other.

JPool [5] uses an algorithm based on Monte-Carlo search with
a sample size of 400. The leaves are evaluated using a sum of
several heuristics advised by a professional player [12] such
as the quality of the current cue ball position, the number of
balls in game and the difficulty of pocketing the other balls.

PickPocket [17, 18] and CueCard [2, 4] also use a Monte-
Carlo search base algorithm, with 15 and 25 to 100 samples
(depending on the time available), respectively. The leaves are
evaluated using the sum of the probability of success of the
best 3 shots retrieved from the precomputed table.

PoolMaster [10, 11, 13, 14, 15] calculates the value of a node
using a function that takes into account the quality of the cue
ball position, the probability of being in that position zone and
the range of successful parameters with a sample of 15.

Shing Chua et al. explained in [8, 9] the calculation of the shot
difficulty using fuzzy logic. The fuzzy sets were defined for
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the distance traveled by the cue ball before the collision with
the target ball, the distance from the target ball to the pocket
and the cut angle. They infer the rule for the specific shot
situation during runtime. Only direct, bank and combination
shots are considered and they are prioritized in this order.

IMPLEMENTATION

In this section, we will explain how we explored and imple-
mented the main architectural components of our artificial
player: search algorithm, shot generator and evaluation func-
tion.

t Nextshottype

Search Algorith

Search for best Find best repositions
(worstif sate shot

Shot Generato

Table State

Execute Shot

Generate
Generate Shots

Figure 5: General architecture of MiniPool

Search Algorithm

The search algorithm is responsible for selecting the best se-
quence of shots. In this layer of the artificial player program,
it is crucial to only explore the most relevant nodes of the tree
to reach a solution, specially when the time constraints are
tight.

Monte Carlo was selected as base for the search algorithm
since it works very well in the 8-Ball domain, as it can be seen
in the artificial players studied in Section 3.

Using the original Monte Carlo algorithm and evaluating each
node as success or failure, being success pocketing the target
ball in the target pocket and failure otherwise, we end with
a sequence of shots rated with their probability of success.
This approach highly depends on sampling and has a huge
explosion of states generated since Monte Carlo performs a
new search for every sample. For that reason, some pruning
techniques were used. The easiest and more obvious technique
is to stop the search when the probability of success of a given
shot is under a certain threshold. Based on the results in [17,
18], shots besides the direct ones are only used 6% of the time.
By generating shots for a given state of the table, one type at
a time, in order of increasing difficulty, we can reduce even
more the number of states generated when a direct shot is
found.

Before the search starts, shots are rated and sorted based on
their difficulty using a function from [8, 9]. This function is
based on the distance between the balls and the pocket, and
the cut angle, according to Equation 1.

A= dcodop
cos?a.

ey



A is the shot difficulty, d,, is the distance between the cue ball
and the target ball, d,, is the distance between the target ball
and the pocket and « is the cut angle between the two balls.
Since this formula penalizes longs shots and high cut angles,
the shots that will be explored first will be the ones closer
to the cue ball and less vulnerable to noise. This formula
does not need to be very precise since it will only serve to
differentiate the easiest shots from the others. By rating all the
shots with this formula and sorting the list in crescent order,
we are guaranteeing that the shots with the highest probability
of success (less difficult) will be at the beginning. Since we are
evaluating one type of shot at a time, we stop the search when
the difficulty of a shot is too high and give an opportunity to
the next shot type, trying to find an easier solution.

Although we have significantly reduced the state space with
these modifications, there is still the case where all the shots
are too difficult and the cut condition is never reached. Pool-
Master optimizes the shot parameters for every next ball with
a local optimization algorithm, which is the approach that
achieves better results. Therefore, if we use the search only
to find the next ball and the sampling only to evaluate the
probability of pocketing and repositioning, we will not need
to perform a search in every sample. We already know which
ball we want to reach and the probability of succeeding the
plan will already give us the difficulty of succeeding. The
question is: which table state should we use to search for the
next ball? In this case, we used the noiseless state, since it will
be the average resulting position of the cue ball.

By using the reposition for the next ball as part of the evalu-
ation, we are forcing a shot to be at a good reposition. This
allows us, in an implicit way, to benefit shots that not only
break clusters, but also to guarantee that the cue ball will be at
the best position possible for the next ball.

Shot Generator

The shot generator is responsible for generating all the possible
shots for a given table state. In this work a backtracking search
algorithm with ray tracing was used, this kind of search for
shots guarantees from the root that the shots will be executable,
and will also give us for free a complete description of what
will happen on the table, such as the balls and rails involved
and distance traveled. This information is very important to
control the complexity of the shots being generated and also
gives us a tool to control the skill on the player in terms of
tactic behavior for a single shot.

The general algorithm is the following:

1. For every pocket, set the objective point as its center:
2. Cast a ray from every ball to the objective point:

(a) If the ray reaches the objective point, set the objective
point as the center of the ghost ball position for this
ball.

i. If the cut angle is greater than a certain limit, stop
iteration on this path.

ii. Else, if this ball is the cue ball, calculate the shot
parameters and add it to the list of shots.
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iii. Else, go to step 2.
(b) Else, stop iteration on this path.

Ball collisions with high cut angles are not explored to re-
move shots that barely touch the balls and that do not produce
relevant results.

For the case of the bank and kick shots, we used the PoolMas-
ter table mirroring method adapted for ray tracing approach.
For every rail collision allowed, a level of mirrors is added to
the raytracer object list. For example, with 1 rail allowed, we
add 4 mirrored tables (one on the left, right, top and bottom
of the original table); with 2 rails allowed, we add 12 tables
(4 from the level 1 and 8 around level 1 for the level 2). With
this information on the raytracer, we can treat bank and kick
shots like direct and combinations shots. However, the higher
the number of rails allowed, the slower the ray tracing will
be due to the number of objects in the list; that is why the
bank and kick shots are only explored after combination shots.
When using this method, we are assuming that the angle of
incidence is equal to the angle of reflection, which is not true
in the FastFiz engine.

Using the proposed approach, by only controlling the depth of
the search and the number of rail collisions allowed, we have
a general algorithm for almost every shot type without having
to explicitly look for it.

The calculation of the initial shot parameters is done as fol-
lows:

e 0 is set to the minimum possible value.

e ¢ is calculated aiming the cue ball center to the ghost ball
center (the objective point of the ball before the cue ball).

e g and b are set to zero.

e V is retrieved from a precomputed table of minimum veloc-
ities.

To quickly find the minimum velocity required to pocket a
ball, for a given shot situation, a minimum velocities table
is precomputed. PickPocket [17, 18] and CueCard [2, 1, 4]
generated direct shot situations by discretizing the cut angle
(the angle that the cue ball makes with the target ball), the
distance between the cue ball and the target ball, and the
distance of the target ball to the pocket and simulating shots
incrementing the velocity by 0.1m/s until the ball is pocketed.
We generalized this to every shot type by discretizing the
distance traveled by the sum of all the balls involved and the
number of balls and rail collisions involved in the shot also.

At this point, we have a list of shots that put the target ball
in the target pocket with the minimum velocity. There is an
infinite number of variants of these shots that could still pocket
the target ball. For position play, it is important to generate a
set of shots that captures the range of possible follow-up states.
The solution used to find the most significant variants was
to pick n values equally spaced starting from the minimum
parameter value up to the maximum for each shot parameter.
The shots that accomplish the goal of pocketing the target ball
are added to the shot list. Since the number of variants has a



huge impact on the branch factor of the algorithm, a study of
the most relevant parameters was made in Section 5.

Evaluation Function

The evaluation function is responsible for differentiating shots
from each other with a specific metric. In MiniPool, the evalu-
ation of a shot is made by counting the number of times a shot
is successful while sampling it a number of times with noise.
A shot is considered successful if it pockets the target ball in
the target pocket and it has a clear way to the target reposition
point. If, while calculating this probability of success, a shot
cannot reach a minimum threshold of probability, the evalu-
ation stops. This is done to reduce the computation time on
poorly reliable shots.

With this evaluation function, we have a metric of how difficult
it will be to execute a shot that leads to a good reposition for
the next one. There is no need for anything else since, if a
shot is more successful than another, it is because it will be
less vulnerable to noise. However, this approach might make
a ball closer to a pocket better than another. According to Jack
Koehler [12] these balls should only be pocketed in special
situations. Foreseeing these situations requires a better plan
for a sequence of shots which, due to shot execution time
constraints, could not be done in this work.

RESULTS

To demonstrate the quality and potential of the approach devel-
oped, the results of various tests are presented in this section
as well as the environment in which the tests where made. In
all the tests only one component is modified in order to better
demonstrate the impact of it. The graphics in every test show
the accumulated average of the clean success percentage of
the table (to demonstrate that it stabilizes before the end of
the test), the time per shot and the reason why the algorithm
stopped the iteration (to understand what is causing it to stop).
The clean success metric is the number of times the player
was able to pocket all the balls without losing the turn divided
by the number of games played. The time per shot metric is
the time passed since the beginning of the turn until execute
the shot (computation time).

The tests were made using the FastFiz engine. For each test,
500 table configurations were randomly generated and the
algorithm was executed until it loses the turn. The average
time until it executes a shot and the reason why the iteration
stopped are stored for each table. The computer used for the
tests has a Windows 10 Pro Operating System, Intel Core i5
CPU at 2.30 GHz and 4 GB of RAM.

In FastFiz, shots are affected by a perturbation model, noise.
The standard deviation values for each parameter are: ¢ =
0.125°, 6 =0.1°,V =0.075 m/s, a = 0.5 mm and b = 0.5 mm.
In these tests, the simulations were made at Ox and 0.5x of
these deviations.

The maximum cut angle is set to 70°, the maximum number
of balls and rails involved in the shot generation is set to 3 and
1 respectively, the maximum shot difficulty is set to 0.7, the
minimum success probability is set to 60% and the acceptable
probability of success is set to 80%.
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Analysis

Results with noise

In general, the clean success probability in a noisy environ-
ment is very low comparing with the other players. PickPocket
is able to reach 67% within 60 seconds per shot, JPool reaches
74% with 44 seconds per shot and PoolMasters reaches 97%
with 19 seconds per shot. Looking at Figure 6, we can see
that the main problem causing the low results are shots that
failed to pocket the target ball. This problem can occur for
two reasons; either the shot parameters were wrong or the shot
was risky. This test was made with a sample size of 25, a
depth of 2 and 125 variants of V, ¢ and b (5 per parameter).
Looking at the results in Figure 8, by using a bigger sample
size, we can increase by 10% the clean success probability,
taking 7 more seconds per shot. In Figure 7 we used 2 more
variants per parameter, resulting in 343 variants per shot. As
expected, this did not change significantly the success of the
player. For the change in the number of variants to be relevant,
the gap between each parameter variant needed to be as small
as possible, however for this gap to be small enough we would
need much more than 7 variants per parameter. A possible
solution in order to not depend on shot variants would be an
optimization algorithm like PoolMaster did. For each ball-
pocket combination it makes an optimization search to find
the parameters that pocket the ball and reach a good position.
This kind of approach however, relies on an objective function
that needs to have a finer discretization for the algorithm to
find a result faster. Finding such function in 8-Ball domain it
is not an easy problem.

Results without noise

The results without noise were good comparing to others:
JPool and PoolMaster are able to achieve 100% in approxi-
mately 44 and 19 seconds respectively. With a depth of 2 and
125 variants, MiniPool can reach clean table success of 86%
in less than half a second. Using all shot types, we can have
an improvement of 5% with a cost of 4 more seconds.

Since there is no noise in these tests, the reason for the algo-
rithm to not be able to clean the table is probably a planning
problem. To check this, a test was made using a depth of 3 (see
Figure 11), however the results did not improve. Given that the
results in Figure 10 were better, this drives us to conclude that
there are situations when the algorithm is not able to continue
because the target ball or pocket is obstructed. This situation
prevents a direct shot from being executed for that ball. Since
the algorithm searches for one type at a time, another direct
shot will be chosen, and the next sequence of shots might put
the cue ball in a situation where the algorithm cannot place it
near the problematic ball again or reach that pocket. When we
generate all shots at once, the algorithm will probably find a
situation where the ball can be pocketed using another type of
shot and solve the problematic ball.

CONCLUSION

The main purpose of this work was to develop an artificial
player for 8-Ball video game with a real-time response. Look-
ing at the results of the tests without noise, we consider that
this goal was achieved since videogames normally do not have
noise perturbations. By ordering the shots by difficulty, taking
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Figure 6: Test results for 25 samples with 0.5x noise
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Figure 7: Average time per shot using 343 variants per shot.

Stabilizes at 6.69 seconds with 0.5x noise

into account the distance of the balls, we are able to clear the
table by zones. Combining this with the evaluation function,
which benefits shots that are in a good position for the next
ball, MiniPool can clear almost every table in less than half a
second without having to search deeper in the tree.
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Figure 9: Test generating shot types one by one without noise

On the other hand, a goal that was also in mind when devel-
oping MiniPool was to develop a player that could play in a
environment with noise. The results for this case were not as
good as expected and there are still some improvements that
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Figure 11: Test with a depth of 3 without noise

can be done as future work. One of the main problems of the
algorithm was relying too much on the number of shot vari-
ants for the look-ahead. PoolMaster, by using the optimization
approach, removed this dependence and could expend more
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time generating a more robust shot. Using a similar approach
in MiniPool might be the solution to improve the performance
in a environment with noise.

Other improvements that can be done to reduce the time
needed to generate the shots for a given state are the ray-
tracing acceleration techniques, such as kd-trees. By using
these techniques we can reduce the number of objects that
need to be tested for collision, and optimize the performance
of the raytracer. This optimization will probably allow us to
generate all shot types at once with a lower cost in time.

MiniPool was developed to be highly configurable and give a
complete control of its skill. Since MiniPool was developed
to be used as an artificial opponent in an 8-Ball video game, it
would also be interesting to study how to simulate several types
of skill or even automatically adapt the skill to its opponent.
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“So medieval like, so gentle, so perfect”: as categorias
musicais da banda-sonora do videojogo The Elder Scrolls
IV: Oblivion

Joana Freitas
CESEM — FCSH/NOVA
Lisboa, Portugal
joanasofsky@hotmail.com

ABSTRACT

A musica para videojogos tem sido, cada vez mais, posta
em destaque em diversos espacos e plataformas online,
sendo alvo de muita actividade e produg¢do com diversos
propositos por parte de utilizadores (Miller: 2012) E
possivel observar, especialmente no Youtube, a criagdo de
listas de reproducdo por utilizadores organizadas por
ambientes, caracter e outros termos associados, como
“épica”, “instrumental”, “atmosférica”, etc., cruzando uma
série de bandas-sonoras de jogos.

Neste trabalho, é observada a forma como a musica é
sistematizada e inserida em categorias definidas de acordo
com os diversos ambientes propostos no jogo The Elder
Scrolls IV: Oblivion ao explorar diversos recursos musicais
que sdo utilizados em fun¢do da nomenclatura aplicada a
cada faixa, especialmente o ritmo, o timbre, andamento e
instrumentacdo. Verificam-se os imaginérios presentes no
jogo, a sua construgdo e como ¢ que estes sdo reforcados
através da banda-sonora que acompanha a narrativa e
experiéncia pessoal do jogador durante a jogabilidade,
assim como esta pode ser considerada um depdsito de
significados associados as acgdes, atmosferas e contextos
propostos ao utilizador.

Palavras-chave
Videojogos; Oblivion, miusica; ergodicidade; categorias;
topicos

INTRODUGAO

A banda-sonora de trés titulos da série de videojogos The
Elder Scrolls composta por Jeremy Soule foi colocada em
destaque, entre muitos outros aspectos e em diversas
plataformas, pelo site da estagdo de radio britdnica Classic
FM em 2013 através do inquérito online realizado
anualmente aos utilizadores/ouvintes da radio de musica
classica, o Classic FM Hall of Fame [1]. Nesse mesmo ano,
o Concerto para piano n°2 de S. Rachmaninov continuava
em primeiro lugar pelo terceiro ano consecutivo, enquanto
o Concerto para piano n° 5 “O Imperador” de L. V.
Beethoven passou para sexto lugar devido a subida da
musica de J. Soule dos jogos Elder Scrolls para o quinto
[2]. Mesmo ndo sendo um dos pontos mais relevantes no
contexto deste trabalho, é curioso notar o facto desta
votacdo ter tido reacg¢des de diversas naturezas que se
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centram principalmente na aproximacgdo da musica para
videojogos & musica classica, e de como esta segue ¢ realiza
cruzamentos com outras formas de media, como o cinema e
a televisdo.

E possivel verificar em muitos comentérios de utilizadores
— tanto no site da Classical FM como em videos de
compila¢des de musica para videojogos no Youtube —, para
além de argumentar o seu “valor” enquanto “musica”,
referéncias a importancia da musica nos jogos € nos
componentes que os constituem (graficos e aspectos
visuais, ambiente, interactividade, etc.) e a sua semelhanga
com outros meios audiovisuais, principalmente os filmes:

“l agree that if Beethoven were alive, he would be
composing for movies - and perhaps even games too.
Games have become increasingly cinematic and complex,
and you spend upwards of 50 hours on many of them. For
many game fans, the music is one of the most important
parts of a game. Music draws you into that world, the same
way it would for a movie, concert or symphony. Music is an
experience of the senses, it is pretentious and erroneous to
think that music is somehow less if it is accompanied with a
visual or interactive component. For the first time in a long
time you have flocks of young people voting and getting
interested in classical music - hell yeah!”[3].

De acordo com lain Hart, a musicologia dos videojogos (ou
ludomusicologia [4]) tem sido construida e assente em trés
modos de questionamento: (1) o estudo da histdria do adudio
e musica em videojogos; (2) a relacdo e envolvimento com
os diversos meios tecnologicos, bem como as suas
inovagdes, na musica de videojogos; (3) a analise de textos
musicais de videojogos [5]. E importante referir que a
musica de videojogos se assemelha e faz referéncias
directas a modos de construgdo e produgdo de outros meios
audiovisuais, como ja referido anteriormente; no entanto,
este meio em especifico exige do utilizador uma interacgéo
mais activa e directa do que um ouvinte de musica ou um
espectador de um filme. Para além da interac¢do fisica
através de um meio de hardware (um comando de consola
ou um rato e teclado) que permite a troca de informagdo e o
jogo, os videojogos exigem um modo de participacdo a
nivel intelectual, sendo necessario por parte do utilizador a
realizag@o de escolhas e decisdes baseadas nos conteudos



que o jogo providencia, determinando os diversos
resultados que podem ocorrer e que moldam a experiéncia
pessoal de cada jogador.

A criagdo dos varios elementos que constituem um jogo — a
narrativa, o universo, as personagens, os efeitos visuais e
sonoros, a musica, etc. — € um processo geralmente estatico
(sdo elementos escritos e aplicados no jogo, podendo ser
retirados do seu contexto, em conjunto ou individualmente,
e analisados de uma forma linear); contudo, a percepgdo
destes elementos ¢ realizada de uma forma dindmica [5].
Cada jogador tem a sua propria percepgdo, moldada pela
construcgdo da sua identidade, diversos contextos sociais que
se insere, entre muitos outros aspectos, pelo que a
mensagem que os elementos do jogo constroem ¢ distinta
para quem joga, sujeita a constantes alteracdes. Ainda
segundo Hart (um dos poucos autores que procura
compreender a musica de videojogos como um processo
comunicativo de significado através de performance e
interactividade), o audio e a musica criados para o jogo
podem ser considerados como depdsitos de significado
dentro de um ambiente relativamente estatico, no qual o
jogador percepciona-os como partes integrantes da sua
experiéncia dindmica, onde ambos o contexto e o
significado se podem alterar.

Jeremy Soule refere em varios dos seus comentarios
partilhados nas suas proprias paginas em redes sociais
(principalmente o facebook e Twitter) caracteristicas,
motivagdes e outras informagdes sobre as musicas que
produz. Tomando como exemplo a citagdo seguinte, Soule
discute uma faixa especifica do videojogo The Elder Scrolls
V: Skyrim (Bethesda Softworks, 2011) (doravante referido
como Skyrim), denominada Standing Stones e que esta
inserida na categoria proposta pelos designers do jogo
como “explore” (exploragdo) [6]:

“[TThis composition was challenging despite the slow
tempo and monolithic movements. My multi-layered
approach was to embolden the player with a narrative. This
was accomplished through a specific structure. The first
part of my structure/device was the acknowledgement of
adversity. The second was to provide an enlightened
incentive to overcome the adversity, and the third part of
my construct was to provide a sense of scale of the world to
create relevance for the entire idiom (the frame of the
painting). Overall, I wanted the theme of the narrative to be
about a dark hope and an illustration of an almost unsaid
acknowledgement of a repressed truth. This narrative also
starts with a metaphor. In this metaphor, I presented what 1
call the "walker" (or soul) whose footsteps are represented
in plodding half notes. The next cast members of this
metaphor include nature, light, darkness and death itself
(adversity).”[7]

Tanto Skyrim como The Elder Scrolls IV: Oblivion
(Bethesda Softwords, 2006) (doravante referido como
Oblivion) tém, nos ficheiros de instalagdo do jogo presentes
na plataforma de computador (PC), a pasta “Music”
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subdividida em categorias de acordo com o local onde as
musicas sdo usadas ou a sua fungdo, desde “combat” a
“town”. Cada conjunto de faixas engloba uma série de
sonoridades, propostas de instrumentagdo e texturas que
sdo, até a uma certa extensdo, semelhantes, de forma a
corresponder a imaginarios presentes no universo dos jogos.
Para além de um propdsito primeiramente funcional dentro
do design computacional para activar uma série de musicas
em sequéncia de acordo com o local onde o jogador se
encontra durante a sua experiéncia pessoal do jogo, cada
musica procura transmitir ao jogador, de forma consciente
ou ndo, diversas associagdes culturais através de tdpicos
musicais, como os sopros de metal (frequentemente as
trompas) em situagdes de batalha [8] — ambientes onde se
promove a energia e acgdo por parte do jogador cujo
personagem estd em perigo — ou as “(...) plodding half
notes” como os passos do “walker” [9] em Standing Stones.

Considerando o processo pelo qual a musica ¢ sistematizada
e inserida em categorias definidas de acordo com os
diversos ambientes propostos no jogo Oblivion, este
trabalho observa que motivos, materiais, instrumentagio e
outros recursos musicais sdo utilizados em fungdo da
“etiqueta” que ¢ aplicada a cada faixa e como ¢ que esta
estruturacdo ¢ realizada. Procurando cruzar aspectos
tedricos de autores como Monelle, Peirce e Aarseth, este
trabalho propde uma leitura pessoal sobre os imaginarios
presentes nos jogos — desde “medieval” a “fantastico” como
“celta” e “viking” — e como € que estes sdo refor¢ados
através da banda-sonora que acompanha a narrativa e
experiéncia pessoal do jogador durante a jogabilidade. Ao
perpetuar codigos musicais estereotipados presentes em
meios audiovisuais ja anteriores aos videojogos, esta banda-
sonora pode também ser considerada um depdsito de
significados associados as acgdes, atmosferas e contextos
propostos ao utilizador.

THE ELDER SCROLLS  Iv: OBLIVION:
CONSIDERAGOES SOBRE A MUSICA NO UNIVERSO
DE CYRODIIL

O videojogo Oblivion é um RPG (role-playing game)
passado na provincia de Cyrodiil (a qual estd inserida no
universo de Tamriel) composta por nove cidades. Para além
das missdes (quests) que fazem parte da narrativa do jogo
que o jogador pode executar, este titulo insere-se nos
moldes de um jogo open world, no qual o jogador tem a
possibilidade de explorar liviemente o ambiente do mesmo,
incluindo as cidades, aldeias, florestas, montanhas, caves,
etc., nas quais habitam outros personagens (NPCS), animais
— agressivos e/ou passivos — e criaturas, desde minotauros a
fantasmas e trolls.

A Dbanda-sonora (ndo diegética) de Oblivion tem
aproximadamente 1 hora (59:30) [10], dividida em 28
faixas embora apenas 26 das mesmas € que estdo incluidas
[11]. No directério de instalagdo dos ficheiros do jogo no
PC, a pasta “Music” esta subdividida em cinco categorias,



nas quais cada conjunto de faixas tem um sistema-nominal
para os ficheiros de acordo com a sua fungdo,
provavelmente para facilitar o processo de produgdo e de
funcionamento das musicas in-game. As musicas tém ainda
um titulo especifico individualmente dado pelo compositor
que ¢ visivel se o utilizador comprar o CD em suportes
fisico e/ou digital ou pesquisar online.

Ao estar presente numa zona florestal do jogo, por
exemplo, e o jogador encontrar umas das criaturas
previamente referidas, por exemplo, um #roll, uma das
musicas que se inserem na categoria ‘“battle” vai
interromper a musica que estava previamente a acompanhar
a acgdo, esta inserida na categoria “explore”.

Sendo a musica uma parte integrante de um texto
audiovisual, esta ndo ¢ a Ginica componente semiodtica que
opera nos videojogos — este meio consiste de multiplos
integrantes semioticos a actuar em conjunto. De acordo
com Hart, a existéncia de um processo de significacao,
entre o jogador ¢ o jogo indica que o conjunto dos varios
componentes que o integra ¢, de um ponto de vista
semidtico, maior do que as suas partes isoladas. A musica
que ¢ ouvida ao jogar Oblivion é considerada pelo jogador a
musica “do Oblivion” em vez de a musica que esse jogador
ouviu enquanto estava a jogar simultaneamente Oblivion

[5].

No livro The Musical Topic: Hunt, Military and Pastoral,
Monelle propds uma classificagéo de topicos como iconicos
ou indexicais (a partir das relagdes que Peirce discute entre
icone, index e simbolo), de acordo com a sua representagdo
tanto de sons naturais (como o cavalo ou o passaro) ou de
eventos musicais. O autor afirma que € necessaria uma
metodologia distinta ao estudar estes dois tipos de topicos,
pois estes tém caracteristicas diferentes: o topico iconico €
musical apenas no seu significante, sendo o significado
natural, social ou histérico [8]. Monelle exemplifica com o
cavalo, em que o objecto do topico “cavalo nobre” ou o
som do galope do mesmo ndo sdo musicais, apenas o seu
significador — como, por exemplo, o ritmo ou compasso
6/8, sdo musicais. Este objecto ¢ referido como fundamento
— segundo Peirce, o signo representa alguma coisa, o seu
Objecto [12] — e ele representa-o em referéncia a uma
espécie de ideia, o que pode ser denominado como
fundamento). O autor reforca ainda a ideia de que o tdpico
indexical, tal como o iconico, tem um mundo de diversos
significados associados para além do repertorio musical,
como na literatura, relacionadas com caracteres morais,
como heroico ou aventureiro. Este topico requer a descrigdo
do proprio repertorio, do fenémeno musical, aspectos
organologicos, etc., devido ao lado musical do seu
significador, tomando como um dos exemplos possiveis o
topico da chamada militar da trompete remetendo para as
chamadas realizadas por estes instrumentos pelos exércitos
jadno séc. XIX.

Monelle afirma que a diferenga principal ao estudar topicos
indexicais e topicos iconicos ¢ a importancia do
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fundamento: o topico indexical é observado relativamente
ao nivel de aproximacdo entre o timbre, ritmo, motivos
melodicos, etc. da musica ao repertdrio ecoado; enquanto o
topico icodnico ndo tem uma musica original, mas sim um
contetido musical que é uma imitagdo da natureza.

Entre as varias musicas inseridas na categoria “battle”,
pode-se retirar como exemplo a musica Daedra In Flight.
Reunindo algumas informagdes de uma breve analise
auditiva, esta faixa apresenta caracteristicas como:

*  Um compasso composto;

*  Ostinato ritmico sincopado nas cordas num registo
grave;

* Percussdo que marca o tempo forte e acompanha o
acelerando, incluindo um sino;

* Crescendo progressivo em camadas nos sopros de
metal;

¢ Um elemento percussivo (pandeireta ou guizos)
antecedente da entrada do flautim com um novo
motivo melddico-ritmico;

* A transigfo realizada pelo flautim para um outro
motivo nos sopros de metal (trompas) com
figuragdo ritmica longa e intervalos ascendentes.

Figura 1: Transcri¢do pessoal do excerto inicial da misica
Daedra in Flight, motivo/ostinato ritmico

Monelle aponta para a complexidade do topico militar e as
questdes historicas em volta das proprias praticas musicais
em contextos bélicos: “The contour of the military topic is
different from that of the hunt. One cannot trace offshoots
and developments, as one can for the hunt topic. There is
nothing like the pastoral horn or the “horn of nocturnal

mystery”.

On the other hand, both march and trumpet signal have
varied backgrounds, and although the warlike flavor is
usually apparent, there is always a hint of the ceremonial,
of civic splendor as well as soldiering.” [8]

A nivel musical, estas caracteristicas podem ser referéncias
indexicais a estes imaginarios, evocando universos bélicos,
militares, entre outros, refor¢adas por um ritmo dactilico
que remete para a cavalgada. Pode ainda referir do mesmo
modo o cavaleiro nobre das batalhas na Idade Média, e, em
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Figura 2: Transcri¢do pessoal do motivo presente na
entrada do flautim na musica Daedra in Flight
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Figura 3: Transcri¢io pessoal do motivo presente na(s)
entrada(s) da(s) trompa(s) na musica Daedra in Flight

Nio € necessario, nem talvez pertinente, observar todas as
musicas desta categoria, tendo em conta que, na sua
totalidade, as varias faixas partilham caracteristicas entre si
como as ja referidas relativamente a Daedra In Flight,
principalmente andamentos acelerados com ritmos
marcados e linhas melddicas em destaque em instrumentos
de sopro, madeiras e/ou metais.

Um outro aspecto interessante a discutir neste contexto ¢ a
questdo da interpretacdo ergodica por parte do jogador e a
sua (possivel) relagdo com a musica. De acordo com a
teoria cibertextual proposta por Espen Aarseth, o cibertexto
tem de conter informagdo que funcione de uma forma
reciproca e em /oop, que se traduz em percepgdes distintas
cada vez que o utilizar interage e interpreta o contetido
(como um texto lido diversas vezes). Segundo Aarseth, a
cibertextualidade ndo ¢ um novo modelo de texto mas sim
uma perspectiva nas multiplas formas textuais de forma a
expandir o ambito dos estudos literarios para incluir
fenomenos que, a partida, seriam marginalizados pelo

operator

text / machine

verbal sign medium

Figura 4: The Textual Machine (Aarseth: 1997)

mesmo campo. E importante referir ainda que:

“[A]s the cyber prefix indicates, the text is seen as a
machine-not metaphorically but as a mechanical device for
the production and consumption of verbal-signs. Just as a
film is useless without a projector and a screen, so a text
must consist of a material medium as well as a collection of
words. The machine, of course, is not complete without a
third party, the (human) operator, and it is within this triad
that the text takes place. (See figure 1.1.) The boundaries
between these three elements are not clear but fluid and
transgressive, and each part can be defined only in terms of
the other two. Furthermore, the functional possibilities of
each element combine with those of the two others to
produce a large number of actual text types.” [13]

O autor analisa ainda jogos digitais de aventura da década
de 90 como um objecto de interpretagdo ergddica, contendo

elementos dindmicos e colocando a questdo da
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Figura S: User Functions and Their Relations to Other
Concepts (Aarseth: 1997)

interactividade em destaque, afirmando que estas formas de
texto exigem um esfor¢o ndo-trivial por parte dos
utilizadores, os quais participam na constru¢do dos
mesmos. [13]

Por outro lado, James Newman discute o “mito” dos
videojogos ergodicos, propondo que este meio ndo ¢
interactivo nem ergddico, e que ndo providencia apenas um
tipo de experiéncia e um modo de envolvimento. O autor
afirma que pode ser visto como um depdsito de elementos
ergddicos ou interactivos, constituido por estruturas e
segmentos muito definidos que formam secgdes com
bastante ergodicidade, e controlado por sequéncias
cinematicas, mapas, sistemas de pontuagdo, entre outros.
[14]

Em varios jogos, ¢ apresentado ao jogador uma série de
diversas informagdes, tendo como objectivo, por exemplo, a
contextualizagdo da narrativa dos mesmos, 0s seus
objectivos, etc., sob a forma de uma cinematica inicial, por
exemplo, o que ndo permite a interac¢ao fisica do utilizador
com o jogo (excepto nos casos que se pode premir uma
tecla especifica para passar para a sec¢do seguinte).
Dependendo da construgdo do arco narrativo do jogo, estes
podem ser constituidos por muitos segmentos alternados
ergodicos e “ndo-ergodicos”, formando uma experiéncia
incontinua de jogabilidade.
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No caso de Oblivion, o jogador é confrontado com uma
cinematica inicial a apresentar o ponto de situagdo da
narrativa através da personagem representativa do
Imperador de Cyrodiil. Este tipo de mecanica visual ¢
utilizado apenas neste jogo em situagdes muito especificas,
nomeadamente a inicial, no momento de batalha final € no
final da narrativa linear, o que ndo impede ao jogador de
continuar a explorar o mundo de Oblivion. Removendo
destas observagdes os sinais e mensagens que surgem no
jogo quando uma missdo ¢ aceite ou um objecto importante
¢ encontrado ou recebido pela personagem que o utilizador
controla, a sua experiéncia de jogabilidade ndo ¢
interrompida por estes elementos visuais, seja ao explorar
uma gruta ou a descansar numa taberna. Um elemento que
participa na interrupgdo da percepgdo ergddica do contexto
em que o jogador se insere ¢ a musica, principalmente a da
categoria “battle”, devido as diferencas de timbre,
andamento e instrumentagdo Dbastante contrastantes
relativamente as restantes categorias.

Varios codigos musicais estabelecidos em meios anteriores
aos videojogos, principalmente no cinema e discutido por
autores desde Theodor Adorno e Hans Eisler [15], Claudia
Gorbman [16], Marcia Citron [17] ou James Buhler [18]
atribuem valor a imagem ou reforcam-na através do som e
musica, cujos fenémenos associados também foram
interpretados por Michel Chion [19]. O jogador pode estar
numa destas areas referidas — floresta, montanhas, cidades,
etc. — e uma das musicas inseridas na categoria “battle”
comegar, sem estar no seu campo visual qualquer ameaga.

A musica ¢ activada simplesmente por estar uma ameaga
directa a personagem num raio especifico (podendo
exemplificar com os casos de um guarda que descobriu um
crime que o jogador efectuou com a sua personagem,;
animais selvagens como ursos ou linces; e ainda seres
fantasticos como fantasmas, trolls, etc.). Isto transmite
directamente ao jogador que estd em perigo; o contexto
histéorico do jogo em si e a estética aplicada -
nomeadamente através referéncias medievais e o reforgo da
ideia de um her6i que o jogador tem de ser para completar a
missdo principal do jogo (salvar Cyrodill da ameaga
iminente que, como habitual, vem de uma outra dimensdo
maléfica, neste caso, o reino de Oblivion,) — é valorizado
principalmente pelos motivos ritmicos e timbricos, como a
percussdo e as trompas — que fazem referéncias, por vezes,
a banda-sonora em contextos bélicos de Howard Shore em
Senhor dos Anéis (P. Jackson, 2001, 2002, 2003) (universo
que, por vezes, ¢ uma clara referéncia e inspiragdo para a
construgdo do ambiente deste jogo).

H. Shore associa as trompas ndo s6 a valorizagdo da
coragem dos humanos no reino de Gondor, como o0s ritmos
sincopados nas cordas graves que efectuam motivos curtos
e acentuados nas trompas para acompanhar a produgdo,
treinos, marchas e a propria representacdo dos Orcs
(considerados uma “raca basica e pouco civilizada” [21]). O
facto de o jogador ter de procurar a origem visual da
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ameaca e processar qual o tipo de interac¢do que ird
desempenhar transforma o significado ndo sé visual como
também musical recebido pelo jogador, interpretando
(ergodicamente) a ameaca e o acompanhamento musical a
ela associado como uma oportunidade de ser — ou tentar —
um “her6i”, fugir, esconder-se, ou o que cada jogador
decidir dentro das suas proprias opgdes.

Em tom de contraste, as categorias “explore” e “public”
partilham algumas afinidades entre as musicas que as
compreendem, principalmente a nivel de instrumentagdo —
dando destaque a flauta, cordas e, por vezes, harpas, tanto
como numa linha principal como desempenhando a fungio
de preenchimento harmonico — andamento e texturas.
Faixas como Sunrise of Flutes ou Harvest’s Dawn (da
categoria “public”, ou seja, apenas quando o jogador se
encontra em cidades) sdo maioritariamente compostas por
dois a trés motivos principais na flauta ou na harpa, com a
melodia e ritmo bem definidos, que s@o sequenciados a
medida que vdo sendo repetido e explorados. As faixas da
categoria “explore” sdo, na maior parte, um pouco mais
longas do que as da categoria anterior, e distinguem-se
principalmente devido & sua construgdo por camadas nos
varios naipes instrumentais, assentando também em certos
motivos especificos de cada faixa que sdo repetidos ao
longo da musica, intervalados por longas frases meldodicas
geralmente nas cordas.

Paul Martin analisa o universo e paisagens de Oblivion a
partir de um quadro teérico formulado por Burke e Kant
relativamente ao sublime e ao pastoral, propondo que, a
medida que o jogador vai explorando este mundo e ficando
cada vez mais familiarizado, a imensiddo da paisagem
apresentada inicialmente ao utilizador através da cinematica
inicial — considerada sublime — ¢ reduzida para uma
percepgdo pitoresca por parte do observador que pode estar
relacionada com a resolugdo final na narrativa do conflito
central do jogo. O autor afirma que:

“The opening scene of Oblivion clearly establishes the 19th
century pastoral design as described by Marx. The bucolic,
pre-industrial repose of Tamriel is threatened by an
industrial Oblivion. In the Oblivion version of the pastoral
the encroaching forces serve as a call to arms. It is not the
idyll that is the focus but rather the threat to it. The abiding
energy is not one of repose or admiration but of what is
anathema to the pastoral (and fundamental to video
games): action. (...) In short, the awesome breadth of
Tamriel has been transformed over the course of the game
to a set of discrete, manageable spaces. Unlike in
comparable epic films, in which each landscape shot
presents as the sublime, once the player is allowed to walk
the fields - and outside the sublimely framed shot - the
sense of grandeur can no longer be sustained, or at least it
can only be sustained fitfully.” [20]

De acordo com Monelle, ha varios mundos de topicos que
constituem géneros musicais e culturais, incluindo o
pastoral. O timbre da flauta e oboé ou a estrutura ritmica da



siciliana podem actuar como significantes, e a tranquilidade
do pdr-do-sol ou paisagens pacificas como significados [8].
Embora os “(...) musical signs are sonic events that create
an effect in a perceiver, not everything happening in music
necessarily functions as signs all the time (something might
not be apprehended, might not cause an effect)” [22], ¢
possivel também associar os timbres explorados
principalmente pela categoria “explore” e a sua presenga no
acompanhamento musical de contextos ambientais em que
estdo associados ao universo deste topico, refor¢ando a
ideia de tranquilidade ou de aventura em musicas como
Peace of Akatosh ou Glory of Cyrodiil.

Os titulos dados as véarias faixas sdo também um aspecto
pertinente a verificar, ligando-se as relagdes transtextuais
entre textos discutidas por G. Genette (as quais ndo sdo
herméticas, reforcando a rede de interacgdes que se pode
estabelecer entre os conjuntos de textos), e que se traduz
nomeadamente na Paratextualidade [23]. Podendo consistir

King and .
atmosphere_08.mp3 Country 04:05

Peace of .
atmosphere_09.mp3 Akatosh 04:11

Tabela 1: Categoria musical “Explore” e respectivas faixas
musicais do jogo Oblivion

Categoria | Nome do ficheiro Titulo Duracio
success.mp3 N/A 00:17
Special
death.mp3 N/A 00:13

Tabela 2: Categoria musical “Special” e respectivas faixas
musicais do ioco Oblivion

Categoria | Nome do ficheiro | Titulo Duracio
em titulos, subtitulos, epigrafos, notas de rodapé, etc., e, na
L 4 : . . town_01.mp3 Harvest Dawn 02:51
musica, as indicacdes interpretativas e expressivas, de -
andamento, bem como os titulos das pegas, sdo elementos town_02.mp3 All’'s Well 02:26
muito importantes na tentativa de controlo e/ou influéncia town_03.mp3 Sunrise of 02:56
na recepgdo de um texto (ou obra musical) pelo utilizador: Public — Flutes .
“Seriously, music were so good on Oblivion that even their town_04.mp3 Watchman's 02:05
. . , . . - Ease
names sounds a serious classic deal. That's devotion right
there” [24 town_05.mp3 Dusk at the 02:11
ere” [24]. —7>-mp Market )
Ao olhar para o titulo das fa'ixas, é possi'vel Vconcluir atrayés Tabela 3: Categoria musical “Public” e respectivas faixas
dos termos utilizados que tipo de imaginarios cada musica musicais do jogo Oblivion
procura corresponder. Na categoria “battle”, observa-se a
sua inser¢do em contextos bélicos através de referéncias a
marcha em March of the Maradeurs, a armas em Fall of the N 3
Hammer e Bloody Blades, e violéncia em Defending the Categoria | o &0 Titulo Duracio
. o« » ficheiro
Gate ou Bloodlust. Ja na categoria “dungeon” (da qual as
musicas acompanham apenas quando o jogador se encontra battle_01.mp3 March of the 02:08
em caves, grutas, etc., € sio compostas, na sua maior parte, - Marauders
por cordas em registos médios a graves, sem uma estrutura battle_02.mp3 Bloodlust 01:07
tonal definida nem motivos perceptives), encontra-se uma —
faixa denominada de uma forma bastante directa como battle_03.mp3 Daedra in Flight 01:02
Tensio'n, e outras com referéncias.a objectos distantes e Battle battle 04.mp3 Fall of the Hammer | 01:16
sombrios, como Deep Waters ou Wind from the Depths. As
categorias “public” e “explore” ja foram discutidas battle_05.mp3 Bloody Blades 01:14
relativamente aos imaginarios de tranquilidade e pastoral battle_06.mp3 Defending the Gate | 01:26
veiculados pelas faixas que as integram, reforcadas por
titulos como Harvest Dawn, Dusk at the Market ou All’s battle_07.mp3 Death Knell 01:07
Wwell. battle_08.mp3 Churl’s Revenge 01:08
Categoria | Nome do ficheiro Titulo Duracio . . . .
Glory of Tabela 4: Categoria musical “Battle” e respectivas faixas
Explore atmosphere_01.mp3 Cyrodil 02:28 musicais do jogo Oblivion
Through the .
atmosphere_03.mp3 Valleys 04:19
atmosphere_04.mp3 Ministrel’s 04-42 Categoria | Nome do ficheiro Titulo Duracio
Lament Wind from T
Auriel’s : Dungeon | dungeon 01 v2.mp3 majromine 1 o1.42
atmosphere_06.mp3 Ascension 03:05 Depths
atmosphere_07.mp3 Wings of 03:30 dungeon_02.mp3 Tension 02:32
— Kynareth
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Ancient
dungeon_03.mp3 Sorrow 01:05
dungeon_04.mp3 Deep Waters 01:11

Unmarked .
dungeon_05.mp3 Stone 01:06

Tabela 5: Categoria musical “Dungeon” e respectivas
faixas musicais do jogo Oblivion

OBSERVAGOES FINAIS

A presenca do compositor nas redes sociais, nomeadamente
no facebook, é util, numa certa extensdo, devido a
publicacdo de comentarios pessoais relativamente aos
videos das musicas de jogos para os quais compos e que J.
Soule partilha no seu perfil. No caso de publicacdes
relativas a Oblivion, J. Soule faz comentarios a duas
musicas em especifico: Fall of The Hammer (uma das
musicas na categoria “battle”) e Ministrel’s Lament (uma
das musicas na categoria “explore”). Relativamente a
primeira, Soule afirma que

“Celtic dance music has always fascinated me, and it is an
inspiration I incorporated into this melee composition.
There's just something that comes from nature itself when
Celtic melodies and progressions are presented. And these
sounds, once married into the ultimate human instrument
known as the symphonic orchestra, tell an epic tale.” [25]
Tendo estado encarregue da composi¢do da banda-sonora
para trés instalacdes da série Elder Scrolls — The Elder
Scrolls III: Morrowind (2000), Oblivion e Skyrim, ¢é
possivel notar a presenga de motivos partilhados entre
algumas faixas de jogos distintos, como a referéncia de
Ministrel’s Lament da categoria “explore” de Oblivion na
musica Wind Guide You da mesma categoria em Skyrim
[26]. No entanto, o tipo de texturas e instrumentagdo entre
estas duas ultimas instalagdes é claramente mais distinto,
transitando para uma orquestra com mais percussio, metais,
e a inclusdo de coros masculinos com textos na lingua
desenvolvida para o jogo (Dovahzul ou lingua de
dragdes/”dragonés” [27]) para corresponder ao imaginario
celta e viking que Skyrim procura representar,
provavelmente inspirados ou pensados desde a composicdo
de Fall of the Hammer para Oblivion. O ambiente frio e
nérdico deste jogo, aliado ao contexto narrativo centrado no
subito regresso de dragdes dos quais a personagem do
jogador (que, como seria de esperar, ¢ um novo herdi
chamado Dragonborn) tem de salvar a provincia de Skyrim
(outra vez), promove a exploragdo de toda a paisagem e a
sobrevivéncia em ambientes hostis do utilizador através de
treino fisico ou madgico, recolha de materiais e caga de
animais para mantimentos. A presenca das trompas
principalmente em faixas para dawn e dusk pode aliar-se ao
universo do tdpico da caga, reforcando o “(...) heroic,
virile, outdoor, adventurous character.” [8].
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Este trabalho explorou brevemente que tipo de imaginarios
(visuais e musicais) sdo veiculados na banda-sonora de
Oblivion, focando principalmente a categoria “battle”
devido as suas caracteristicas timbricas e ritmicas distintas
das outras categorias e que tem um papel talvez mais
complexo na interpretagdo ergddica do cibertexto, neste
caso, o videojogo. Seria interessante ainda, num contexto
futuro, observar as principais diferengas e topicos musicais
explorados na banda-sonora de Skyrim e procurar
compreender como ¢ que, através dos mesmos sistemas
compositivos ¢ de organizagdo de ficheiros musicais no
sistema do jogo, a estética, sonoridade e

texturas apresentam-se distintas de uma forma muito clara,
considerando que sdo caracteristicas que a banda-sonora de

J. Soule procura corresponder devido & proposta de um
novo universo, mais “medieval” e “épico”, nesta instalacdo.

O acesso limitado — ou inexistente — a partituras e outras
fontes musicais ndo permitiu uma analise mais extensa para
além da empirica e auditiva, pelo que foi necessario
recorrer ao software de edi¢do musical Finale 2014 para
transcrever os motivos melodico-ritmicos em anexo como
ilustragdo de algumas caracteristicas a focar relativamente a
faixa Daedra In Flight. E importante ainda mencionar que a
escassez de literatura primaria sobre semidtica da musica
em videojogos foi um outro aspecto que dificultou a
concep¢do de um quadro tedrico mais definido, resultando
no cruzamento entre referéncias inseridas em game studies
e a musicologia nos new media.

Contudo, a actividade constante e interac¢do online entre
utilizadores, neste caso, sobre os videojogos e, em
particular, sobre a musica, permite observar discursos,
reflexdes e até praticas em torno deste fendmeno (ainda que
seja considerado, por vezes, discreto na indUstria e na
academia) extremamente variados e cada vez mais
frequentes. Sites, plataformas, redes sociais, foruns, etc.,
com as multiplas cibercomunidades que albergam e que
operam nestes meios, podem ser considerados fontes e
recursos primarios para a pesquisa e metodologia de
trabalhos cientificos na area de media, especificamente nos
videojogos. Assim, ¢ muito possivel verificar a existéncia
de informacdes, comentarios e percepgdes por parte de
utilizadores relativamente a este meio e inclusive a musica
que o acompanha, frequentemente associada a emogdes e
estereOtipos, desde a “nostalgia” associada a jogos das
décadas de 80 e 90, como a “grandiosidade” da banda-
sonora de Skyrim ou os toques “medievais” na musica de
Oblivion, permitindo multiplas abordagens tedricas e
interdisciplinares ndo s6 da musica e universos sonoros dos
videojogos, como do préprio meio.
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ABSTRACT the use of computer algorithms for creating content that meets

In this paper, we present a quest structure, in the form of a a set of evaluation criteria [10][16]. This becomes quite useful,
grammar, obtained from an analysis of the main quests of a sin- when trying to produce content for the game industry, that is
gle player role playing game (RPG), namely “The Witcher 3 - becoming more demanding [11]. According to Hartsook[10]
The Wild Hunt“. This grammar extends a previously presented there are two broad uses of PCG in games: content creation
analysis by other authors on MMORPG quests. This extended and adaptation of gameplay. By automatically generating
grammar is suitable for application in single player RPGs. The content, it could offload the task of content creation, reducing
grammar allows the procedural generation of quests in any the amount of work done by humans, making the development
RPG wanting more intricate quests. We believe that this ex- costs cheaper. Also, by learning players’ information that
tension makes the previous grammar more expressive. And it can’t be known during design-time, such as their preferences,
will bring us closer to being able to represent and procedurally desires and abilities, one could personalize the story and world
generate quests that are equal to human authored ones. of the game. And thus, maximizing pleasure and minimizing

frustration and boredom[10].
Author Keywords
Procedural generation; interactive storytelling; RPG; quests;
story; NPC; player.

PCG has become quite popular in recent years, currently
being used in a variety of different subfields. Examples of gen-
erated content include: dungeons and maps (Binding of Isaac:
INTRODUCTION Rebirth[13], Diablo series[6]); enemies (Left 4 Deadv[17]),
animation of character behaviour (Spore[1]), weapons (Bor-
derlands 2[9]) and even whole universes (No Man’s Sky[8]).
Another area where PCG could be used is in generating inter-
active stories (examples given in the next section). A system
based on interactive storytelling must be capable of generat-
ing interactive narratives in a coherent and believable fashion.
This means that the sequence of events that constitute the over-
arching story must be causally and temporally coherent and
characters that partake in these events must act in a believ-
able manner[3][14]. In storytelling systems, characters are
perceived as being believable when the actions they execute
are motivated by their desires and intentions and these are
consistent with the knowledge they possess about the current
story world.

Computer Role Playing Games (CRPGs), commonly re-
ferred to as Role Playing Games (RPGs) are a video game
genre where a player embodies a story world character (and/or
several, commonly referred to as party) and has to overcome
a series of linked challenges, ultimately achieving some over-
arching goal or the conclusion of a central storyline. Further-
more, the player is allowed to develope his/her character(s)
through consequential decisions. RPG’s are known for being
content-heavy games, possessing vast worlds with various non-
playable characters (NPCs), as well as intricate storylines and
side-quests [10]. The process of this content creation takes a
considerable amount of time and money [12]. It’s consump-
tion though is much faster, and after a player completes every
main quest and side-quest, the game’s replay value drops off
considerably. In the context of RPGs, the sequence of events that consti-
tute the overarching story, can also be called quests. Quests
are tasks given by NPCs to a player in the form of requests,
that require the player to complete goals often in return for
some reward. If quests are seen as the mere movement from
one location to another in order to complete a goal, which
involves character actions and dialogue, one can see that a
sequence of this quests could shape a story. In games, story
is the progression of the player through space[2][10]. The
set of quests that are necessary to complete the game form
Videojogos’16, Nov 24-25, 2016, Covilha, Portugal up the main story. Additional side-quests are often offered to
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As a consequence, RPGs are perfect candidates for the
application of Procedural Content Generation (PCG), which is
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the player to extend the gameplay[12]. Having a system that
procedurally generates these quests can potentially increase
the variability and replayability of games.

This paper will focus solely on quest structure, and presents
the results obtained from our structural analysis of the main
story quests from "The Witcher 3 - The Wild Hunt", an ac-
claimed single player RPG game. This analysis departs from
and further extends the work done by Doran and Parberry [4]
in their structural analysis of several MMORPG quests. We
consider a quest’s structure to be all actions performed by
the player, since the moment the quest is given to him/her,
until the quest’s goal is achieved. Using this structure, we
can procedurally generate a variety of intricate quests and
apply them in a RPG game. The remainder of this paper is
divided into four sections: 1. review of several approaches;
2. presentation of the results of the structural analysis of the
main quests from “The Witcher 3 - The Wild Hunt“ (Witcher);
3. an example of a quest from Witcher, based on the results
obtained; 4. conclusions and future work.

RELATED WORK

To solve the problem of plotline adaptation, Li and
Riedl[12] present an offline algorithm that, given a main plot-
line, consisting of a sequence of quests, a library of quests, and
a set of player requirements, produces “a sound, coherent vari-
ation“ of the original plotline. Preserving the human authors’
intent, while meeting player requirements. The complete plot-
line is represented by a partially ordered, hierarchical plan
composed of events that will unfold in a virtual world. These
events can be within and outside quests, and are represented
by actions performed by the player, non-player characters,
or even by natural occurrences in the virtual world. Events
possess preconditions, that must be satisfied, and effects, that
become true. Causal relationship between two events is es-
tablished through causal links via some condition that needs
to be satisfied. They allow abstraction hierarchies, through
decomposition of abstract events into less abstract ones.

In their approach quests are represented as “fop-level“ ab-
stractions. Quests have only one effect, the acknowledgement
of its completion, and it may or may not have preconditions.
Quests are then decomposed into two abstract events: a task
and a reward, which are further decomposed into basic actions.
A quest that requires the player to hunt down a witch, can be
decomposed in the following way: the player would first have
to get a water bucket to pour on the witch, ultimately killing
her (the task event), in order to acquire the trust of the king
(the reward event). In between, events like the witch dropping
her shoes, the player picking them up and showing them to
the king as proof of the achievement, would complete the plot-
line. Narrative soundness and coherence, are then guaranteed,
through the satisfaction of all preconditions of an event, and
through the causal links connecting each event, thus creating
a path that leads to a significant outcome.

The game plot adaptation algorithm takes the partial-order
plan described, as well as the set of player preferences. The
search is conducted by adding and removing events until suc-
cess criteria are met. Once complete, the resulting story struc-
ture is converted and sent to GAME FORGE system[10] to
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render a world that supports the story and executes the game.
Indeed, although Li and Riedl[12] are capable of producing
quests with a certain amount of control, based on players’ re-
quirements, they are still dependent on human authoring for
the sequence of quests that constitute the plotline. Further-
more, the quests are customized and generated at the start of
the game, as opposed to being generated while the player is in

play.

Doran and Parberry [4][5] did a structural analysis of al-
most 3000 human-authored quests from several Massive Multi-
player Online Role Playing Games (MMORPG). The analysis
showed a common structure shared by human-authored quests,

“changing only details such as settings, but preserving the rela-
tionship between actions“. They observed structural patterns
in quests, which occurred in predictable situations, each with
its own implicit preconditions and effects.

They first observed that quests can be categorized into 9
distinct NPC motivations: Knowledge, Comfort, Reputation,
Serenity, Protection, Conquest, Wealth, Ability and Equip-
ment. They believe the use of motivations to be essential for
ensuring intentionality in the generation and giving of quests.
Quests are thus intended to represent a NPC’s prime concern.
Each of these motivations contains 2-7 motivation-specific
strategies. In turn, each of these strategies is composed of a
sequence of 1-6 actions, that the player must perform. Each
action is further defined as either an atomic action performed
by the player, or a recursive sequence of other actions or action
variants[4]. The quest structure is represented in the form of a
grammar, in which terminal symbols are atomic actions and
non-terminal symbols are action rules, that extend to further
actions or action rules. The sequence of actions, that the player
is required to perform in order to complete the quest, can be
viewed as the leaves in a tree, with the root representing the
entire quest [4]. Actions can also be replaced by sub-quests,
that use the same structure.

With this structure, made from the extracted rules and com-
monalities of the analysed quests, they are able to demonstrate
a prototype system that procedurally generates quests, which
in their view are appropriate for use in RPGs. The generator
starts with an NPC motivation, from it the generator consults
the list of specific strategies, selects one and creates a quest
that addresses the motivation. The generator was written in
Prolog, due to its “ability to backtrack and try alternative
solutions “[4].

As a rough generalization, single player RPGs tend to fo-
cus more on the journey(story), which plays a central role in
these type of games. At the end the player either explores
the open world or simply restarts the game in a new save file.
As a contrast, in MMORPGS this journey feels more like a
grind that the player wants to complete as quickly as possi-
ble, in order to get to the endgame content, where the true
game begins. Quests generated using the structure previously
described, which was used by Doran and Parberry on their
prototype generator [4], are solely based on MMORPGs.

So as stated before, according to Doran and Parberry’s struc-
tural analysis, human authored quests have a shared structure.



Having this in mind, we tried to analyse quests from single
player RPGs, which tend to have a strong focus on the story
component of the game, using the rules defined by Doran and
Parberry [4]. We chose “The Witcher 3 - The Wild Hunt*,
since it was received with critical acclaim and was a financial
success, having also won several awards for Game of the Year
from multiple publications. For the purpose of this paper, only
the main story quests were analysed, which are in a total of
58, since side-quests are more similar to MMORPG quests.

STRUCTURAL ANALYSIS

For the structural analysis, 58 main story quests from “The
Witcher 3 - The Wild Hunt“ (Witcher) were examined, in order
to determine whether they also shared the structure extracted
by Doran and Parberry from their own analysis. Quest de-
scriptions were obtained from sites like “The Witcher Official
Wikia “[20], VG24/7[18], and from watched walkthroughs
from several Youtube channels like TheRealCheatCC[15],
GameRiot[7] and VGFAQ[19]. Quest descriptions consisted
of the sequence of actions the player had to perform, NPC
dialogue and causal and temporal relationships between the
different quests.

Using the descriptions from "spoiler"” sites and the resulting
quest structure from the analysis described by Doran and Par-
berry [4], we undertook an attempt to represent Witcher quests.
Alas, representing these main quests proved to be more diffi-
cult than expected, Indeed, the NPCs that gave out the quests,
shared the same or similar motivations previously described,
but since the action rules Doran and Parberry defined had some
limitations, it was impossible to fully describe Witcher quests.
In order to come up with the necessary changes to counter
these limitations (both described in the upcoming paragraphs),
each quest was analysed in the following way: first it was
necessary to record every player action in the respective quest;
second a tree was built for each quest, in the manner described
in the related work section, using the rules defined by Do-
ran and Parberry [4], while adding the changes required to
represent each quest; third, the changes made were extracted
and added to the new set of rules, the results of which can be
seen in Tables 1, 2 and 3. Changes made are highlighted in
bold. The sequence of actions and rules are written in Backus
Normal Form, a notation technique for grammars, same as in

(4].

When comparing with [4], the first change worthy of noting,
regards the last action of a quest’s strategy, specifically "give"
and "report” actions. During our analysis, we observed that
some Witcher quests required the player to give or report
something, as a last step before completing a quest. But
some strategies defined in [4] don’t allow this. The opposite
also happened, where strategies defined in [4], have a last
action give/report, but in the game the player isn’t required
to do any of those. To give a few examples: in the short
main story quest "Disturbance", the player has to explore
the castle, to find and remove an object ("repair"), that is
messing with one of Yennefer’s spells. After its removal the
player is required to report back to Yennefer. This sequence
isn’t fully represented in [4], because it is missing the report
action. A second example would be the main story quest "The
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Sunstone", which requires the player to find and gather the
lost item Sunstone. Using Doran and Parberry’s structure,
the player would be obliged to give the Sunstone after it was
gathered. However, this quest finishes as soon as the Sunstone
is acquired. This was a recurrent problem, so to counter this
obstacle, we decided to put in almost every strategy, one of
two action rules, namely a <give> or a <report>. This way, it
is now possible to decide during generation, whether a quest’s
final action should require the player to either report a quest’s
completion, give an item back, or neither.

The second change resides in the <goto> set of rules (see
Table 2). According to Doran and Parberry’s rules, it wasn’t
possible to be given a sub-quest without having to learn some-
thing (see Table 2, rule 9 and rules 12-14), which is something
that happened often in The Witcher 3. So it was necessary to
add a <prepare> rule, that offered this possibility (see Table 2,
rules 10 and 16). Also the rule that required learning (rule 10
from Table 2) no longer has a mandatory "goto" action. Which
limited the order in which certain events could occur. Now, the
new <goto> action rule can be expanded to offer more possi-
bilities to the quest. It was also added the action rule <rescue>
(see Table 2, rules 33-36), in order to allow the player to sim-
ply free a character, and not having to escort it every single
time. The action rule <defeat> (see Table 2, rules 27 and 28)
was added, so it could be possible to decide during generation
whether a strategy would require the player to either kill or
merely damage an enemy. Before strategies had one of these
actions imposed, which conflicted with the representation of
some of the Witcher quests, that had one of those strategies. In
some Witcher quests, where it was only required for the player
to damage someone or something, the rules defined by Doran
and Parberry would instead have the player kill someone or
something, and vice-versa. An example of this is the quest
"Bald Mountain". After the death of their mentor Vesemir,
Geralt (the player) and Ciri bloody for vengeance, track down
Vesemir’s killer Imlerith and ultimately kill him. Using Doran
and Parberry’s set, it wouldn’t be possible to represent this. In
their set, the strategy "Revenge, Justice" from the "Serenity"
motivation has a mandatory "damage" atomic action, while
what we seek is a "kill" atomic action.

Finally, for the actions (see Table 3), we added four new
atomic actions that can be performed by the player. During
the analysis we encountered some actions that were not rep-
resented in their set of actions. The most significant ones
being "examine" and "follow". Doran and Parberry’s rules
only considered learning either through listening to a charac-
ter, after doing a sub-quest for said character, or by reading a
book. After analysing Witcher quests it was clear that one can
also learn by examining clues or objects. One example is the
quest "Novigrad Dreaming", where a ghost leaves drawings
that, after being examined, show the player what he/she has
to do next. The action "follow" also appears a lot, practically
in every quest. While following a character, the player has



Motivation | Strategy Sequence of Actions
Knowledge | Deliver item for study <get> <give>
Spy <goto> spy <report>

Interview NPC
Use item on field

<goto> listen <report>
<get> <goto> use <give>

Comfort Obtain luxuries <get> <give>
Kill pests <goto> <defeat> <report>
Reputation | Obtain rare items <get> <give>
Kill enemies <goto> <defeat> <report>
Visit dangerous place <goto> <report>
Serenity Revenge, Justice <goto> <defeat> <report>
Capture Criminal <goto> <capture> <report>
Check on NPC (1) <goto> listen <report>
Check on NPC (2) <goto> take <give>
Recover lost/stolen item <get> <give>
Rescue NPC <goto> <rescue> <report>
Protection | Attack threatening entities | <goto> <defeat> <report>
Capture Criminal <goto> <capture> <report>
Treat or Repair (1) <get> <goto> use <report>
Treat or Repair (2) <goto> repair <report>
Create Diversion (1) <get> <goto> use <report>
Create Diversion (2) <goto> damage <report>
Assemble fortification <goto> repair <report>
Guard entity <goto> defend <report>
Recruit <goto> listen <report>
Conquest Attack enemy <goto> <defeat> <report>
Steal stuff <goto> <steal> <give>
Recruit <goto> listen <report>
Wealth Gather raw materials <goto> <get> <report>
Steal valuables for resale <goto> <steal> <give>
Make valuables for resale <goto> repair <give>
Ability Assemble tool for new skill | <goto> repair use
Obtain training materials <get> use
Use existing tools <goto> use
Practive combat <goto> damage
Pratice skill <goto> use
Research skill (1) <get> use <report>
Research skill (2) <get> experiment <report>
Equipment | Assemble <goto> repair <give>

Deliver supplies
Steal supplies
Trade for supplies

<get> <give>
<steal> <give>
<goto> exchange

Table 1. Strategies for each NPC’s motivation.
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# Rules Explanation

0. | <Quest> ::= <Knowledge> | <Comfort> | | This is the root of a quest, which expands into one of the 9 motivations.
<Reputation> | <Serenity> | <Protection> | Which will eventually be expanded into one of the strategies, specific to
| <Conquest> | <Wealth> | <Ability> | | said motivation.
<Equipment>

1. | <subquest> ::= <goto> Go someplace.

2. | <subquest> ::= <goto> <QUEST> <goto> | Go perform a quest an return.

3. | <goto>:=¢€ You are already there.

4. | <goto> ::= goto Go to a known location.

5. | <goto> ::= wait Wait at a location for someone or something.

6. | <goto> ::=explore Just wander around and look.

7. | <goto> ::=follow Follow somebody or something.

8. | <goto> ::= stealth Sneak by someone.

9. | <goto> ::= <learn> <goto> Find out where to go and go there.

10. | <goto> ::= <prepare> <goto> Prepare before going somewhere.

11. | <learn> ::= ¢ You already know it.

12. | <learn> ::= <goto> <subquest> listen Go someplace, perform a subquest, get info from NPC.

13. | <learn> ::= <goto> <get> read Go someplace, get something and read what is written in it.

14. | <learn> ::= <get> <subquest> <give> listen | Get something, perform a subquest, give to NPC in return for info.

15. | <learn> ::= <goto> <subquest> examine | Go someplace, perform a subquest, examine something.

16. | <prepare> ::= <goto> <subquest> Go someplace and perform a subquest.

17. | <get>:=¢€ You already have it.

18. | <get> ::= <steal> Steal it from somebody.

19. | <get> ::= <goto> gather Go someplace and pick something up that’s lying around.

20. | <get> ::= <goto> take Go someplace and take something.

21. | <get> ::= <goto> <get> <subquest> <goto> | Go someplace, get something, perform a subquest for somebody, return
exchange and exchange.

22. | <steal> ::= <goto> stealth take Go someplace, sneak up on somebody and take something.

23. | <steal> ::= <goto> <defeat> take Go someplace, defeat somebody and take something.

24. | <capture> ::= <goto> use capture Go someplace, use something to capture somebody.

25. | <capture> ::= <goto> damage capture Go someplace, damage to capture somebody.

26. | <capture> ::= <goto> capture Go someplace and capture somebody.

27. | <defeat> ::= <goto> damage Go someplace and damage somebody.

28. | <defeat> ::= <goto> kill Go someplace and kill somebody.

29. | <report> ::=¢ There is nothing to report.

30. | <report> ::= <goto> report Go someplace and report to somebody.

31. | <give> ::= ¢ There is nothing to give.

32. | <give> ::= <goto> give Go someplace and give something to somebody.

33. | <rescue> ::= free Free somebody from imprisonment.

34. | <rescue> ::= <defeat> free Defeat somebody and free somebody from imprisonment.

35. | <rescue> ::= escort Escort somebody to someplace.

36. | <rescue> ::= <defeat> escort Defeat somebody and escort a different somebody to someplace.

Table 2. Action rules in BNF.
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# Action Pre-condition Post-condition

1. | &€ None. None.

2. | capture Somebody is there. They are your prisoner.

3. | damage Somebody or something is there. It is more damaged.

4. | defend Somebody or something is there. Attempts to damage it have failed.
5. | escort Somebody is there. They will now accompany you.

6. | examine Somebody or something is there. You have information about it.

7. | exchange Somebody is there, they and you have something. | You have theirs, they have yours.

8. | experiment | Something is there. Perhaps you have learned what it is for.
9. | explore None. Wander around at random.

10. | follow Somebody or something is there. You will now accompany them.
11. | free Somebody is there. They are no longer prisoner.

12. | gather Something is there. You have it.

13. | give Somebody is there, you have something. They have it, you don’t.

14. | goto You know where to go and how to get there. You are there.

15. | kill Somebody is there. They are dead.

16. | listen Somebody is there. You have some of their information.
17. | read Something is there. You have information from it.

18. | repair Something is there. It is fixed, built or resolved.

19. | report Somebody is there. They have information you have.
20. | spy Somebody or something is there. You have information from it.

21. | stealth Somebody is there. Sneak up on them.

22. | take Somebody is there, they have something. You have it, they don’t.

23. | use Somebody or something is there. It has affected characters or environment.
24. | wait None. Wait for something to happen.
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