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Abstract. Contemporary methods of preserving cultural heritage rely highly on
digitization and archiving as foundations for developing various virtual heritage
applications. During last two decades, video games proved to be an interactive
visual media able to incorporate virtual heritage in amazing and highly appeal-
ing ways. At the same time, each video game represents a valuable artifact re-
flecting technological, socioeconomic and historical issues of its creation.
Therefore, video games are an essential and integrated part of modern cultural
heritage and themselves need preservation efforts. The present paper discusses
video games as a modern tool for presenting cultural heritage by integrating art,
storytelling and digital technology. It focuses on both entertainment games and
serious games for cultural heritage and provides some illustrative examples of
such games with discussing their approach and novelty. On the other hand, vid-
eo games are viewed as interactive artifacts that are a valuable part of the mod-
ern cultural heritage, which requires specific efforts for their preservation to-
gether with technological platforms and gaming environment.
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1 Introduction

In the last decades, institutions developed many initiatives for digitizing cultural her-
itage objects worldwide [1] such as archaeological, architectural, sculptural, fine arts
and other artifacts with a universal value for the mankind. Beside such tangible cul-
tural artifacts [2], intangible cultural heritage such as traditions, events, expressions,
knowledge and skills [3] are also objects of digitization. Much effort was put into
creating appropriate standards for metadata descriptions [4] and using them in collec-
tions and archives of digitized records. Digitized records of intangible cultural objects
were used for producing realistic 3D models and applications as so-called virtual
heritage recreating their contemporary or ancient view [5]. Virtual environment often
includes augmented reality allowing users to interact with the 3D models using real
objects in real time [6], by means of registering virtual images with the real world.

By recreating artifacts of tangible cultural heritage such as ruins, cities and monu-
ments, virtual environments and applications provide high level of user immersion.
They allow visitors to walk and to navigate through virtual 3D spaces but lack ade-
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quate interactive features expected by their users [7]. On the other hand, virtual and
augmented reality environments recreate tangible cultural and historical objects but
not intangible elements of cultural heritage like traditional rituals, events, legends and
skills [8]. This is reason to look for a more interactive and dynamic visual media,
which is capable to use existing 3D recreation of habitations, buildings and interior
but adds to them interactive interfaces sufficient for reproduction of intangible cultur-
al elements.

Digital games appear to be exactly such a visual media able to recreate both tangi-
ble and intangible cultural artifacts in a highly interactive and dynamic way. They
provide a powerful and increasing appeal and engagement for all user ages by pos-
sessing an integrated form of fun and play [9]. Prensky [10] explains their high attrac-
tiveness by defining twelve structural elements typical for any game and their effect
on the player, as follows:

. form of fun—provides enjoyment and pleasure;

. form of play—gives intense and passionate involvement;

. rules—determine structure of the play;

. goals—provide motivation;

. interactivity—leads to learning by doing;

. adaptivity—provides flow;

. outcomes and feedback—serve as a basis for learning;

. win states—provides ego gratification;

. conflicts, competition, challenges and opposition—give more adrenaline;
10. problem solving—sparks players’ creativity;

11. interaction—gives social groups;

12. narrative (story) and its representation—both serve as a source of emotional expe-
rience before, during and after gameplay.
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Digital games have progressed a lot since their invention in the early seventies of the
last century until today. Unlike the first digital games oriented to textual content and
representation, modern games exploit 2D and 3D video technologies and extensively
use multimedia content [9]. Thus, modern digital games are predominantly video
games and, thus, when speaking about digital games and their overall impact people
mean exactly video games.

Playing both entertainment and serious video games has proven benefits for the
cognitive (like enhanced attention, creativity and problem-solving skills), motivation-
al (developing beliefs about intelligence and abilities, persistence to failures and
learning by failure), emotional (flow experience, mood management and adaptive
emotional regulation skills), and social (pro-social behavior and civic engagement)
behavior and skills of the player [11]. These benefits, together with their interactivity
and high social penetration, make video games a powerful tool for presentation and
popularization of cultural heritage. On other hand, video games are part of the digital
heritage, though not explicitly named within the UNESCO ‘Charter on the Preserva-
tion of Digital Heritage’ [12], therefore their preservation should be planned and im-
plemented together with their technological platforms and necessary gaming envi-
ronment.
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This article discusses video games as a high-impact visual media useful for cultural
heritage preservation by integrating art, storytelling and digital technology. It intro-
duces entertainment games and describes their character and main features. Next, it
discusses how these two groups of video games are used for cultural heritage and
gives some examples of such games. In addition, the article shows what type of action
should be taken in terms of preservation of video games as an important part of the
modern digital heritage and contemporary human culture in global aspect. Finally, the
paper discusses technological, artistic and socio-economic challenges posed to mod-
ern video games for cultural heritage.

2 Modern Video Games

There are many approaches to embrace existing genres of digital games and to order
them into an appropriate classification. A game genre should concentrate “on the
types of interactions that are available in the game, as distinct from the visual icono-
graphy” [13]. Many classifications propose discrete types of games, without organiz-
ing them into a dimensional continuum. Unlike the discrete classification, other ap-
proaches try to organize game genres with a dimensional space. Vosen [14] proposed
a three-dimensional game classification space defined by competitiveness, interactivi-
ty, and physical location. The author distinguished three possible confrontations of
game types:

e competitive versus noncompetitive games;
e interactive versus non-interactive games;
e physical versus non-physical games.

Other dimensions (categories) for classification of video games were proposed by
Apperley [13], namely:

e platforms—hardware systems used for playing the game; vary from personal com-
puters, game consoles like Microsoft Xbox, Nintendo Wii U, or Sony
PlayStation 2;

e playing mode—multi- or single-player;

e milieu—describes the visual type of a video game; can be science fiction, fantasy,
horror, etc

Additionally, some other categories could be added to the above list, such as:

distribution—paid or free;

openness—games with open code or not;

mod’s—modified games with altered content than the original release;

linear vs. non-linear gameplay—while linear gameplay provides fixed sequence of
challenges stated to the player, nonlinear gameplay poses challenges that can be
completed in different sequences;
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e progressive vs emergent gameplay—some games (like ‘The Sims’') do not have a
story structure planned in advance and thus offer emergent gameplay [15].

In general, there are two main classes of modern video games today, naturally formed
through the decades—entertainment and serious games.

2.1 Entertainment Video Games

Entertainment games (or games for fun) are digital games created with the chief intent
to amuse their players. The most fresh view of the entertainment game taxonomy
currently available at the game market is provided by the Entertainment Software
Association (ESA) within their last issue of ‘Essential Facts About the Computer and
Video Game’ [16]. Fig. 1 below presents a view of distribution of best-selling video
game genres by units sold for 2014.

Strategy 4.1% 1.1% Other Games/Compilations

——— 28.2% Action

Sport Games 13.3%

6.0% Adventure

Shooter 21.7% — 0.1% Arcade

1.3% Casual
\ ‘ 0.1% Children's Entertainment
Role-Playing  9.5% —— . r 3.3% Family Entertainment

] — 6.0% Fighting
0.1% Flight

Racing 5.2%

Fig. 1. Distribution of best-selling video games genres by units sold for 2014 [16].

Note that fig.1 does not present real popularity rates of existing video games, because
it pictures only relative shares of game sales but does not show indexes of free and
indie games played on Web. Nevertheless, according to this distribution, the follow-
ing types of entertainment video games (ordered from most to less popular) can be
listed:

e Action games—includes action-intensive games where players have to go through
obstacles of various types in restricted time. The challenge can be increased step-
wise according to the progression of the player requiring more and more accuracy,
fast reflexes and other skills. The Pong game (a ball-and-paddle game) was the first
action game [17] developed in 1972 on a home console. Another famous action
game was ‘Pac-Man’ released as arcade game in 1980 and modified many times
since its creation [18]. Platform games (platformers) like Nintendo's ‘Super Mario
Bros’ and its public domain clone ‘Infinite Mario Bros’ [19] are the most popular

! https://www.youtube.com/user/TheSims
46



action game, where players start to travel between different types of platforms (of-
ten generated dynamically) by jumping from one to another.

Shooter games (or shooters)—represent various types of combat with guns, mis-
siles, knifes, and weapons. While ‘Wolfenstein 3D’ was released for DOS in
1992, ‘Doom’* was the first multi-layer shooter game at the market. Depending on
the camera perspective, there may be first person shooters (FPS), third person
shooters (the camera perspective shows the player character at a distance in 3D
space), and 2D shooter games (with a camera perspective over a 2D space).

Sport games—based on simulation of playing traditional sports like football or
tennis. Popular examples of sport games are ‘Madden’* and FIFA ‘Soccer’’.
Role-laying games (RPG)—the RPG genre is especially important for the game
industry thanks to its attractiveness to the games society, which is explained by its
character transformations that the character goes through [13]. The character
evolves within a role fantasy world (like that one of ;’Dungeons & Dragons’®) with
strictly defined parameters.

Fighting games—the genre includes hundreds of one-on-one combat games, where
combats can be of various types but usually between two characters player against
player or player against a non-player character (NPC) controlled by the computer.
Among the first ring fighting games were ‘Heavyweight Boxing’” and ‘Greatest
Heavyweights’’ (by Sega), released respectively in 1976 and 1994 with great suc-
cess.

Adventure games—the first computer games in the seventies of the last century
were adventure games. Such games provide a gameplay with various adventures,
whereupon the player is asked to solve puzzles in order to proceed with the story.
Although adventure games attract people who do not usually play games, their
popularity slows down after the great success of ‘Myst’.®

Racing games—include races mainly with cars’ but also with rockets, motorcycles,
bicycles and horses.

Strategy games—require strategic play whose evolution “comes from a combina-
tion of knowing the various options available and being able to correctly value
them within the game context” [13]. The genre includes real time strategy (RTS)
and turn-based strategy (TBS) games. Strategy games such as Sid Meier's
‘Civilization’ ' are also known as 4X games (from eXplore, eXpand, eXploit and
eXterminate).

Family entertainment games—various games to be played at home by all the fami-

ly.

2 http://3d.wolfenstein.com/

3 https://www.youtube.com/watch?v=nnaPB300KQM
* https://www.youtube.com/watch?v=nUiBJy150rg

> https://www.youtube.com/watch?v=siVeBCaY eko

S https://www.youtube.com/watch?v=9gneSq8 Xbzw

7 https://www.youtube.com/watch?v=aj4ofGIcDYQ

¥ https://www.youtube.com/watch?v=buM-y61RkIo

? http://www.gametop.com/category/car-racing.html
10 https://www.youtube.com/watch?v=yEI9kI2 Aluw
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e Other types of games (with shares less than 2%)—casual games, flight simulators,
board games, etc.

2.2 Serious Video Games

The genres presented concern only entertainment game industry producing games for
fun. In contrast with them, serious games (SGs), also called applied games or games
with purpose, are designed with a special intent different than pure entertainment [9].
There are many existing definitions of SG but perhaps the most summarizing and
appropriate are these two, as follows:

e SGs provide a “mental contest, played with a computer in accordance with specific
rules, that uses entertainment to further government or corporate training, educa-
tion, health, public policy, and strategic communication objectives” [20];

e SGs refer to a broad range of video games “produced, marketed, or used for pur-
poses other than pure entertainment, these include, but are not limited to, educa-
tional computer games, edutainment and advertainment” as far as “health games
and political games” [21]. The authors also underline that theoretically any video
game can be viewed as a SG depending on the players’ perception of the gaming
experiences.

Several taxonomies of SGs have been proposed but the most detailed one appears to
be Sawyer and Smith’s [22]. Their SGs taxonomy has two dimensions:

e content dimension of SGs—includes games for health, advergames (advertising
games used for marketing), games for training, for education, for science and re-
search, production, and games as work;

e sectoral dimension of SGs: government & NGO, defense, healthcare, marketing &
communications, education, corporate, industry.

However, even such broad taxonomies may not be exhaustive. For example, missing
are political games such as ‘Darfur is Dying’ [21] which are intended to provoke a
change of the player’s viewpoint. Another missing sector is that one of games for
cultural heritage [23] including cultural content, narratives and tasks by means of
virtual and augmented reality techniques [6, 20].

Many of the categories defined by Sawyer and Smith [22] can be divided in sub-
categories. For example, Egenfeldt-Nielsen et al [21] outline three sub-categories of
educational serious games:

e edutainment—games like ‘PowerUp’;"!

e commercial entertainment titles used for education—such as ‘The Sims’;"?
e research-based educational games—special educational SG like ‘Global Conflicts:

Palestine’. '

" http://www.powerupthegame.org/
12 https://www.youtube.com/user/TheSims
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Although all are video games, entertainment games and SG have essential differences.
Susi et al [24] summarize these differences regarding four criteria: task vs. rich expe-
rience, focus, simulations, and communication (Table 1). It is important to underline
that pedagogy should be an implicit but not the main component of any SGs because
if a SG is no fun while played it will be no game at all [20].

Serious games gained a great popularity in the beginning of this century and
proved their effectiveness in many case studies [24]. As summarized by Anderson
et al. [23], their main strengths are in “communication, visual expression of infor-
mation, collaboration mechanisms, interactivity and entertainment”. However, the
initial enthusiasm slowed down during past eight because of some inflated expecta-
tions and limitations of serious games. First at all, SGs have some pedagogical limita-
tions. As Brisson et al. [25] noted recently, SGs have to provide answers to two gen-
eral problems: (1) to what level SG support and promote learning effectiveness and
efficacy, and (2) how to support the pedagogically-driven design of SG by relating
content (knowledge plus game mechanics) and players’ experiential context to learn-
ing goals.

Second, SGs suffer from significantly lower performance and audio-visual quality
compared to the entertainment game, which naturally creates less fun during game-
play. And last but not least—SGs have a much higher price and require greater time
than other technologically enhanced leaning methods.

Table 1. Differences between entertainment games and SG [24].

Criterion\Games Serious games Entertainment games
Task vs. rich experience  Problem solving in focus Rich experiences preferred
Focus Important elements of learning ~ Fun

. . Assumptions necessary for Simplified simulation pro-
Simulations P . . Yy i P
workable simulations cesses
. Should reflect natural (non- Communication is often
Communication .
perfect) communication perfect

Methodological research questions and expectations to SG were well formulated
by Mayer et al [26] as follows:

e requirements and design principles for a comprehensive social methodology for SG
evaluation;

e extent of SG contribution to technology advanced learning;

e main factors contributing to an effective game-based learning;

e level and conditions for transferring learning through games to the practice.

The same methodological issues remain valid for the area of serious video games
cultural heritage as well.

3 https://www.youtube.com/watch?v=0bxmX0YeYUY
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3 Video Games for Cultural Heritage

Unlike other traditional media, video games are capable to deepen our understanding
and feelings of cultural heritage in a very interactive way. Salen and Zimmerman [27]
stated that all video games always somehow reflect human culture because they are
"objects produced and played within culture at large", however, "not all games mani-
fest transformative cultural play to actually transform culture”. Therefore, when dis-
cussing video games for cultural heritage, we have to consider both entertainment and
serious games.

3.1 Entertainment Video Games for Cultural Heritage

Many existing commercial entertainment video games can be used for non-leisure
purposes, including presenting cultural heritage [23]. Most belong to the so-called
documentary games [28] depicting realistically past historical events such as battles
and wars. Though they are developed as games for fun, they can be used for educa-
tional purposes thanks to their historical accuracy and realism. Some examples of
documentary games are ‘History Line: 1914-1918° (Blue Byte, 1992)—one of the
earliest turn-based strategy games presenting battles dating back to the First World
War; ‘Great Battles of Rome’ (Slitherine Strategies, 2007)—an entertainment video
game mixing interactive 3D real-time tactics of actual battles with documentary in-
formation; and ‘Napoleon: Total War’ (Creative Assembly, 2010), providing immer-
sive historical setting enriched with important information about real events.
Granstrom [29] conducted a study aiming at identifying key elements incorporated
in virtual heritage applications and analyzing their occurrence in four renowned enter-
tainment video games. In a literature review of 22 surveys and research articles about
virtual heritage environments, she found 17 important key elements, as follows:

o Interactivity— “ability to affect, use or communicate with something or someone in
a digital or virtual environment”’; includes exploration of environments, meaning-
ful tasks to complete, dialogue—between players or with a non-player character
(NPC), and quizzes;

e Meaning—incorporates culture and history (i.e., intangible heritage [23]) and story
(interactive narrative);

e Player character—role-play (in a historical environment), 3D avatar (visual equiva-
lent of the player in the virtual world), and its personalization;

e Others elements—inclusion of NPC as virtual (inter)active inhabitants and multi-
player mode;

e Cultural and historical/visual and behavioral/environmental/auditory/olfactory
accuracy and realism.

For presence of these 17 key elements, four famous 3D role-playing and action ad-
venture games were analyzed, namely ‘The Elder Scrolls V: Skyrim’ (Bethesda Game
Studios, 2011), ‘Mass Effect’ (Bioware and Demiurge Studios, 2008), ‘Assassin’s
Creed II’ (Ubisoft Montreal, 2009), and ‘Red Dead Redemption’ (Rockstar San Die-
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g0, 2010). Most of the elements were found in these games except quizzes and cultur-
al and historical/olfactory accuracy and realism.

Molto béne. (Very well.) | shnlld]u off. 've some other business to |

L__ 1 should be off I've some other business _S ~
“==_ 1o attend to be fun to reacF ; ')m

Fig. 3. Screenshot of Assassin's Creed 2 gameplay.

Two of the games, though meant for fun, very much resemble applied games for cul-
tural heritage. ‘Assassin’s Creed II’ is a 3D action adventure game presenting the
Renaissance epoch in Italy during the 15th century with great cultural, visual and
behavioral accuracy and realism. The game recreates famous historical characters
such as Niccolo Machiavelli, Pope Alexander VI, the Pazzi family, and Leonardo da
Vinci, although not all the characters are historically accurate (fig. 2). Nevertheless,
the spirit of the epoch is transmitted very realistically together with virtual recreations
of locations and buildings of the real world. Another entertainment game focused on
cultural heritage and analyzed in [29] is ‘Red Dead Redemption’ (Rockstar San Die-
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go, 2010)—a 3D action adventure game representing the American—-Mexican border
at the beginning of the 20th century (fig. 3). Having excellent narrative and roleplay,
this multiplayer depicts a "period of great change between this savage, horrendous
world with delusions of nobility evolving into modern society” [30]. The game allows
emergent game play by using the Free Roam option, which switches to no-narrative
mode offering various activities like free roaming, looking for treasures, hunting ani-
mals, taming wild horses, and many others.

3.2 Serious Video Games for Cultural Heritage

Although having traditionally much smaller budgets compared with games for fun,
serious (or applied) heritage games advanced a lot during last years using real-time
interactive simulation of realistic virtual heritage scenarios, virtual and augmented
reality [6, 20], and artificial intelligence [24]. As a tool for learning cultural heritage,
SGs possess incredible potential thanks to offering free choice of learning place, flex-
ible time-management, choice of learning time and speed, autonomous learning in the
game context, self-controlled learning, problem-solving, systemic-thinking and will-
ingness for cooperation [31]. SGs for cultural heritage fall in several main categories:

A.interactive virtual museums—use gaming technology for both entertaining and
educating visitors [32] usually by incorporating some exploration and reassembling
tasks and quizzes. Examples of museum games are ‘Virtual Egyptian Temple’,
‘Olympic Pottery Puzzle’, ‘Walk through Ancient Olympia’ [23] and ‘ThIATRO’
[33];

B. prototypes and demonstrators—games based on 3D virtual reconstruction 3D and
geo-referenced modeling of ancient historical sites like the ‘Pompei: The Legend
of Vesuvius’ edutainment game [34] (fig. 4a) and ‘Roma Nova’ SG [35] based on
the Rome Reborn model [36], which provide not only realistic archaeological ex-
ploration with historical accuracy but also political, religious and artistic
walkthrough with crowd restoration of ancient characters with procedurally gener-
ated NPC;

Fig. 4. Gameplay of ‘Pompei: The Legend of Vesuvius’ (a) and brain-control field trial of
‘Roma Nova’ [35] (b).
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C. games for acquisition of cultural knowledge and intangible heritage—include in-
tercultural skills and language training games with high-fidelity 3D simulation of
cultural settings. Examples of such games are ‘Croquelandia’, ‘Adaptive Thinking
and Leadership System’ (ATL), ‘Second China’, the Tactical Language and Cul-
ture Training System (TLCTS), BiLAT, and the “Virtual Environment Cultural
Training for Operational Readiness’ (VECTOR) [37];

D. social tagging and knowledge acquisition games—SG for encouraging players to
submit accurate information about cultural artifacts embedded into the games for
further knowledge verification and mining. ‘One-Up’ is a multi-round mobile
crowdsourcing metadata tagging game [38] fostering players to propose high-
quality metadata and rewarding them based on metadata specificity and accuracy.
‘Waisda?’ [39] is a video labeling game used to annotate TV heritage by integrat-
ing tags with professional annotations.

Besides these four groups, there exist SG using cultural heritage-specific technologies
such as augmented reality, which can be applied to each of the groups. Another ex-
ample is game adaptation according to the cognitive and emotional state of the player.
The brain-controlled modification of the prototype game ‘Roma Nova’ [35] uses an
Emotiv Epoc headset for detection of cognitive and facial changes and applying them
for gameplay adaptation (fig. 4b).

4 Video Games as Cultural Heritage

Being interactive media with ever growing impact, video games themselves are part
of the human movable cultural heritage. They are artifacts representing development
level of visual art and information technology typical for the time of their creation.
Games about James Bond (007), Batman, or other famous personages are played by
people of all ages and reflect many aspects of society and history [40]. However, due
to hardware obsolescence and data degradation most of the first video games might be
lost forever in a similar way to lost films produced in the beginning of last century. In
fact, this has already happened to the arcade games. Not only will this be a significant
loss for their players who feel nostalgia and keep nice remembrances of past gaming
time, but even more importantly, out-of-date games preserve a snapshot of the techno-
logical and socio-economic achievements of their epoch and provide evidence of the
progress in game industry evolution.

Preserving game software together with its artistic or cultural content should in-
clude various aspects of video games and virtual worlds such as narrative, artistic
objects, game mechanics and, eventually, documentations, gameplay videos, histori-
cal facts and game environment. Emerging NGOs like the Video Game Heritage Insti-
tute'* try to preserve these old video games by maintaining archives of game copies
with all the hardware necessary to play them and, as well, game libraries with original
hardware and software equipment needed to play each game. There are many video

' http://vghi.org/
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game museums (online archives ™, onsite ', or both ™) showing the story of most

prominent video games and their cultural impact. Other museums host video game
exhibitions, such as Museo Games (hosted at the French Conservatoire national des
arts et métiers) and Game Story (at the Paris Grand Palais) [41], or provide temporary
hosting for traveling video game exhibitions [42].

Preservation of video games and other types of digital games is part of the overall
preservation of digital content worldwide. In 2004, the Game Preservation Special
Interest Group (GPSIG) was founded and since then consolidates effort of organiza-
tions and individuals for preservation of video games [43]. GPSIG works closely with
museums and digital archives for organizing conferences and other events and devel-
oping game studies and specialized research projects such as the Preserving Virtual
Worlds (PVW) project [44] aiming at developing methods for preservation of digital
games and interactive virtual environments. The PVW project analyzed popular video
games such as ‘Doom’ and ‘Warcraft III’ and 3D virtual networked client-server
component-based environments like ‘Second Life’ in terms of hardware and software
obsolescence, scarcity, third party dependencies, lack of code documentation, authen-
ticity, IPR and context. The authors [44] analyzed the dependence of the restoration of
electronic game equipment on the type of artifact, including acquiring old hardware,
emulations and virtualizations, migrations and reenactments. As a foundation for
developing standards for metadata and content representation appropriate for long-
term archival storage, the Reference Model for an Open Archival Information System
(OAIS) has been accepted. The OAIS Archival Information Package Data Model was
proposed for metadata and packaging descriptions. Another similar project concern-
ing game metadata and citations in institutional collections is the ‘Game Metadata and
Citation’ project®. Future emerging open standards for virtual worlds and video
games will facilitate such efforts for digital preservation of video game cultural herit-
age.

5 Discussion

Video games made an enormous progress since their infancy until modern times.
They entered successfully various content domains including that of cultural and his-
torical heritage. However, dynamic in evolution and market volumes of commercial
entertainment games still supersede greatly that of serious, or applied, games. First of
all, their average budgets differ dozens of times. For example, the total cost of devel-
oping and marketing expenses of Skyrim was about 85 million USD [29] while most
of the serious games have funding of from dozens up to hundreds thousands of USD.
Nevertheless, both games for fun and applied games for cultural heritage meet many

'S http://www.vgmuseum.com/

1S http://www.archive.org/details/gamevideos

' http://www.vghmuseum.org/

'8 http://www.nationalmediamuseum.org.uk/collection/NewMedia
' http://www.computerspielemuseum.de/

0 https://gamecip.soe.ucsc.edu/node/26
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similar technological, artistic and socio-economic challenges which are to be resolved
in near future.

Among the main technological challenges are new and accessible game engines,
novel technologies for augmented and mixed reality [6, 20, 36], advanced techniques
and tools for graphic rendering such as realistic control of transparency, reflection and
refraction, annotated entities and artificial intelligence for planning and controlling
crowd simulation [23], NPC behavior and content generation [19]. Techniques for
adaptation of individual gameplay according to responses of the player’s autonomous
[18, 31] or central nervous system [35] become more and more popular, especially for
applied gaming. Open software platforms for easy creation and flexible customization
of video games appear very promising for teaching students in any subject including
cultural heritage such as that of ADAPTIMES [45], which is based on 3D mazes and
embedded mini-games for assessment or fostering visual skills and creativity.

Artistic problems in game evolutions are mainly connected with novel methods for
efficient creation of game content. Design of applied games for cultural heritage relies
highly on use of instruments specialized in automatic content production. Software
tools like Make3D?' and Blender 3D* convert two-dimensional still images into 3D
models automatically or semi-automatically, providing view access to the scene's
depth. By using a VRML viewer, Flash or Adobe Shockwave, users can ‘fly’ or
‘walk’ through the 3-D scene, or watch a rendered 3-D movie.

Socio-economic issues involve the readiness of society for acceptance of games for
cultural heritage. Many teachers cannot accept the challenges of digital game-based
learning at all [10]. On the other hand, while entertainment games concerning cultural
issues are very famous (section 3.1), SGs do not yet enjoy high popularity. Unlike the
recreational game market, the market model of SG does not rely on the de-
mand/supply ratio but rather on direct funding by organizations having interest in
applied gaming. Therefore, SGs are mostly created on request having as first priority
the didactical value but not playability of the game [20] and putting learnability issues
before playability.

6 Conclusions

This paper discussed video games in two senses: first, as a modern and highly interac-
tive media with high social penetration offering excellent opportunities for presenta-
tion and popularization of cultural heritage and, second, as a part of the digital cultur-
al heritage requiring special efforts for preservation together with their technological
platforms and gaming environments. Two general groups of video games for cultural
heritage were presented—entertainment games and applied (serious) games. There
were discussed most important technological, artistic and socio-economic challenges
concerning their future development and penetration.

The market space of both entertainment and applied video games entertainment
games and applied will continue to grow in next years, together with that of gamifica-

2! http://make3d.cs.cornell.edu/
22 https://en.wikibooks.org/wiki/Blender 3D: Noob to Pro

55



tion applications. The same is valid for the impact of video games thanks to their
synergy of story, art and technological achievements including affective and adaptive
gameplay. Commercial entertainment games will include more cultural issues regard-
ing both tangible and intangible heritage mainly in implicit ways, whereupon some of
them will stay open for modifications with means of adapting and evolving the origi-
nal game, which creates opportunities for adding didactical and cultural elements to
them similar to SGs. Applied games for cultural heritage with non-linear and interac-
tive storytelling will be used more and more for immersive cultural presentation,
teaching, assessment and training.

Acknowledgements. The research leading to these results has received funding from
the People Programme (Marie Curie Actions) of the European Union's Seventh
Framework Programme FP7/2007-2013/ under REA grant agreement n° 624184.

7 References

1. Sotirova, K., Peneva, J., Ivanov, S., Doneva, R., Dobreva, M.: Digitization of Cultural
Heritage—Standards, Institutions, Initiatives. Chapter 1, Access to Digital Cultural Herit-
age: Innovative Applications of Automated Metadata Generation, ISBN: 978-954-423-
722-6, Plovdiv, Bulgaria (2012)

2. UNESCO: Convention Concerning the Protection of the World Cultural and Natural Herit-
age (1972) http://whc.unesco.org/en/convention/ [accessed: 30/06/2015]

3. UNESCO: Convention for the Safeguarding of the Intangible Cultural Heritage (2003)
http://unesdoc.unesco.org/images/0013/001325/132540¢.pdf [accessed: 30/06/2015]

4. Bontchev, B.: Evolving Europeana’s Metadata: from ESE to EDM. Proc. of Digital
Presentation and Preservation of Cultural and Scientific Heritage, (IT), pp.27-37 (2012).

5. Jacobsen, J. and Holden, L.: Virtual Heritage: Living in the Past. Techné: Research in Phi-
losophy and Technology, 10 (3), pp.55-61 (2007)

6. Zhou, F., Duh, H. B. L., Billinghurst, M.: Trends in augmented reality tracking, interaction
and display: A review of ten years of ISMAR. Proc. of the 7th IEEE/ACM Int. Symposium
on Mixed and Augmented Reality, [IEEE Computer Society, pp. 193-202 (2008)

7. Economou, M., Pujol Tost, L.: Educational tool or expensive toy? Evaluating VR evalua-
tion and its relevance for virtual heritage. In: Kalay, Y. et al. eds. New Heritage: New Me-
dia and Cultural Heritage. London: Routledge, pp.242-260 (2009)

8. Ibrahim, N., Ali, N. M., Yatim, N. F. M.: Cultural learning in virtual heritage: an over-
view. Visual Informatics: Sustaining Research and Innovations, Springer Berlin Heidel-
berg, pp. 273-283 (2011)

9. Gee, J.P.: What Video Games Have to Teach Us about Learning and Literacy. Palgrave
Macmillan, New York (2003)

10. Prensky, M.: Fun, play and games: What makes games engaging, Digital game-based
learning, Chapter 5, pp.11—16 (2001)

11. Granic, L., Lobel, A., Engels, R. C.: The benefits of playing video games. American Psy-
chologist, 69(1), p.66 (2014)

12. UNESCO: Charter for the Preservation of Digital Heritage.
http://portal.unesco.org/en/ev.php-

56



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

URL ID=17721&URL _DO=DO_ TOPIC&URL SECTION=201.html (2003) [accessed:
30/06/2015]

Apperley, T.: H. Genre and game studies: Toward a critical approach to video game gen-
res. Simulation & Gaming, 37(1), pp.6-23 (2006).

Vossen, D. P.: The nature and classification of games. AVANTE-ONTARIO 10(1), pp.53-
68 (2004)

Rollings, A.: Ernest Adams Fundamentals of Game Design. Prentice Hall, ISBN:0-13-
168747-6 (2006)

ESA: Essential Facts About the Computer and Video Game, 2015,
http://www.theesa.com/wp-content/uploads/2015/04/ESA-Essential-Facts-2015.pdf

Liu C., Agrawal P., Sarkar N., Chen S.: Dynamic difficulty adjustment in computer games
through real-time anxiety-based affective feedback. Int. J. Hum. Comput. Interact., 25,
pp-506-529 (2009)

Tijs, T. J., Brokken, D., IJsselsteijn, W. A.: Dynamic game balancing by recognizing af-
fect. Fun and Games, LNCS, Vol. 5294, Springer Berlin Heidelberg, pp.88-93 (2008)
Yannakakis, G. N., Togelius, J. Experience-driven procedural content generation, IEEE
Transactions on Affective Computing, 2(3), pp.147-161 (2011)

Zyda, M.: From Visual Simulation to Virtual Reality to Games. IEEE Computer, Sept.,
Vol. 38 (9), pp.25-32 (2005)

Egenfeldt-Nielsen, S., Smith, J.H., Tosca, S.P.: Understanding video games: the essential
introduction, Routledge (2008)

Sawyer, B., Smith, P.: Serious games taxonomy. Presented at Serious Games Summit
(2008)

Anderson, E. F., McLoughlin, L., Liarokapis, F., Peters, C., Petridis, P., & Freitas, S.: Se-
rious games in cultural heritage, Proc. of 10™ Int. Symp. on Virtual Reality, Archaeology
and Cultural Heritage VAST (2009)

Susi T., Johannesson, M., Backlund, P.: Serious Games—An Overview, Technical Report
HS-IKI-TR-07-001, School of Humanities and Informatics, Univ. of Skovde, Sweden
(2007)

Brisson, A., Pereira, G., Prada, R., Paiva, A., Louchart, S., Suttie, N., Lim, T., Lopes, R.,
Bidarra, R., Bellotti, F., Kravcik, M., Oliveira, M.: Artificial intelligence and personaliza-
tion opportunities for serious games. Proc. of 8™ AIIDE Conf., 2012, July, pp.51-57 (2012)
Mayer, 1., Bekebrede, G., Harteveld, C., Warmelink, H., Zhou, Q., Ruijven, T., Julia L,
Rens, K., Wenzler, 1.: The research and evaluation of serious games: Toward a compre-
hensive methodology. British Journal of Educational Technology, 45(3), pp.502-527
(2014)

Salen, K., Zimmerman, E.: Rules of play: Game design fundamentals, MIT press (2004)
Burton, J.: News-game journalism: History, current use and possible futures, Australian
Journal of Emerging Technologies and Society 3(2), pp-87-99 (2005)

Granstrom, H.: Elements in games for virtual heritage applications, MSc Thesis, Univ. of
Skévde (2013)  http://www.diva-portal.org/smash/get/diva2:627227/FULLTEXTO1.pdf
[accessed: 30/06/2015]

Robinson, M.: Red Dead Redemption: Once Upon a Time in the West. IGN, 26 February
(2010) http://www.ign.com/articles/2010/02/26/red-dead-redemption-once-upon-a-time-in-
the-west [accessed: 30/06/2015]

Karner, F.-W., Hértel, G.: Theory and Taxonomies of Serious Games, ENTRExplor-
er:2010-1-PT1-LEO05-05190, D1 (2010) http:/www.entrexplorer.com/pdf/ Theo-
ry_and_Taxonomies_of Serious Games.pdf [accessed: 30/06/2015]

57


http://wps.prenhall.com/bp_gamedev_1/54/14053/3597646.cw/index.html
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/0-13-168747-6
https://en.wikipedia.org/wiki/Special:BookSources/0-13-168747-6

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Sylaiou, S., Liarokapis, F., Kotsakis, K., Patias, P.: Virtual museums, a survey on methods
and tools. Journal of Cultural Heritage 10(4), pp.520-528 (2009)

Froschauer, J., Arends, M., Goldfarb, D., Merkl, D.: A serious heritage game for art histo-
ry: Design and evaluation of ThIATRO, Proc. of 18th Int. Conf. on Virtual Systems and
Multimedia (VSMM), IEEE, pp.283-290 (2012)

Graham, M.: Pompei: The Legend of Vesuvius (2010)
http://www.adventureclassicgaming.com/index.php/site/reviews/489/ [accessed:
30/06/2015]

Vourvopoulos, A., Liarokapis, F., Petridis, P.: Brain-controlled serious games for cultural

heritage. Proc. of 18" Int. Conf. on Virtual Systems and Multimedia (VSMM), IEEE, pp.
291-298 (2012)

Maim, J., Haegler, S., Yersin, B., Mueller, P., Thalmann, D., Van Gool, L.: Populating an-
cient Pompeii with crowds of virtual romans. Proc. of 8" Int. Symp. on Virtual Reality,
Archaeology and Intelligent Cultural Heritage, pp.109—-116 (2007)

Lane, H. C., Ogan, A. E.: Virtual environments for cultural learning.: Proc. of Second
Workshop on Culturally-Aware Tutoring Systems in AIED (2009)

Flanagan, M., Punjasthitkul, S., Seidman, M., Kaufman, G., Carini, P.: Citizen Archivists
at Play: Game Design for Gathering Metadata for Cultural Heritage Institutions. Proc. of
DiGRA (2013)

Hildebrand, M., Brinkerink, M., Gligorov, R., Van Steenbergen, M., Huijkman, J., Oomen,
J.: Waisda?: video labeling game. Proc. of 21 ACM Int. Conf. on Multimedia, ACM, pp.
823-826 (2013)

Ranchhod, A., Vieira, V.W.: Video games have cultural cachet—so recognise their place
in society and history, The Conversation, http://theconversation.com/video-games-have-
cultural-cachet-so-recognise-their-place-in-society-and-history-35522  (2014) [accessed:
30/06/2015]

Barbier, B.: Video Games and Heritage: Amateur Preservation?, Journal Hybrid, No. 1,
Ephemeral Heritages, pp.1-11 (2014)

Naskali, T., Suominen, J., Saarikoski, P.: The Introduction of Computer and Video Games
in Museums—Experiences and Possibilities. Making the History of Computing Relevant,
Springer Berlin Heidelberg, pp.226-245 (2013)

Lowood, H., Monnens, D., Vowell, Z., Ruggill, J. E., McAllister, K. S., Armstrong, A.:
Before it’s too late: A digital game preservation white paper American journal of play,
2(2), p-139 (2009).

McDonough, J., Olendorf, R., Kirschenbaum, M., Kraus, K. M., Reside, D., Donahue, R.,
Phelps, A., Egert, C., Lowood, H. Rojo, S.: Preserving virtual worlds, Final report (2010)
Bontchev, B.: Customizable 3D video games as educational software, Proc. of
EDULEARN'1S, ISBN: 978-84-606-8243-1, Barcelona (2015)

58



	1 Introduction
	2 Modern Video Games
	2.1 Entertainment Video Games
	2.2 Serious Video Games

	3 Video Games for Cultural Heritage
	3.1 Entertainment Video Games for Cultural Heritage
	3.2 Serious Video Games for Cultural Heritage

	4 Video Games as Cultural Heritage
	5 Discussion
	6 Conclusions
	7 References


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



