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Abstract During the last 10 years, numerous mixed-
reality game prototypes have been built and studied. This
paper is a game studies attempt at understanding the find-
ings of that research. First, this paper will look into the
paradigm of pervasive mixed-reality game research, ana-
lyzing how these games have been produced and studied.
Then, there is an overview of some central, reoccurring
findings of that paradigm that is written with the intent of
generalizing lessons of individual experiments. Finally,
there is a discussion on research methodology, analyzing
how this type of research could better validate the findings
that have to do with play experiences and game design.

1 Introduction

Since the turn of the millennium, a number of pervasive
mixed-reality game prototypes have been developed and
built in various research projects. This paper looks at that
game genre from the perspective of game studies, analyz-
ing the experiences produced by these games and seeking
to understand the loose research paradigm that has pro-
duced them.

A paradigm denotes a “set of assumptions, concepts,
values, and practices that constitutes a way of viewing
reality for the community that shares them”.' This paper is
a study of a number of papers belonging to a loose para-
digm that has produced and studied numerous pervasive
mixed-reality games in the context of technological
human—computer interaction research. Some paradigmatic
properties of this research include: (a) interest in mixed-
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reality technologies, (b) common conceptual background in
HCI research, (c) innovation as a central value, and (d)
methodological practices revolving around exploratory
prototypes. If these properties appear self-evident, that fact
is exactly due to their paradigmatic nature.

Game studies is a multidisciplinary field of study and
learning, with games and related phenomena as its subject
matter [46]. In the core of game studies, there is the young
discipline of ludology, study of games as games, instead of
e.g. games as narratives, games as performances, or games
as a way of applying emerging technologies.

This paper is about looking the mixed-reality pervasive
game paradigm from outside. In order to understand the
ludological value of this research, we need to forget about
what’s important in HCI for a moment and analyze what is
important for understanding these games as games: How
are these games experienced by players, what is relevant in
designing for those experiences, and what kind of meth-
odological requirements does the game studies analysis
pose on prototype research.

On the other hand, this paper is also a comparative study
of research papers. Exploratory prototype research faces
two hazards related to validity and reliability. First, it is
hard to tell whether a given finding is closely related to the
prototype and the particular test setup. If a feature is
problematic in a fast-paced street game for kids, the result
might not apply to a tourist guide game for seniors. Second,
the research often uses small test audiences (even below
n = 10), which makes quantitative generalization difficult.
By cross-examining findings from various prototypes and
research groups, we can try to generalize findings. When
results are mutually supportive, we can increase the

' According to the 2004 edition of The American Heritage Dictio-
nary of the English Language.
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validity and reliability of our knowledge.> When the results
are contradictory, we can look at the contradictions, in
order to gain a deeper understanding of the underlying
phenomena.

After looking into some typical research findings on
player experiences, this paper looks at the methodological
issues that are relevant for ludological understanding of
exploratory game prototypes. In particular, we look into
how technological novelty, serious research setups, and
immature technologies influence the research of play
experiences.

2 Pervasive mixed-reality games

The object of this study has been limited to games that are
pervasive and that utilize mixed-reality interactions. This
delimitation was chosen because a large number of com-
parable studies exist, and I believe that future research will
benefit from a critical synthesis of earlier work.

This paper builds on author’s earlier definition of per-
vasive games® [40, 42] as games that “expand the magic
circle of play socially, spatially or temporally”.

The so-called magic circle of play is a social and cul-
tural contract that separates ordinary life from play, com-
municating a way of understanding events that happen
within the circle. For example, the meaning of a boxing
match comes from the idea that the fighting activity, when
it takes place within certain spatial, temporal, and social
boundaries, is not interpreted only as violence but is
transformed into acceptable behavior—while the very
same boundaries transform a polite discussion into unac-
ceptable behavior [see 32].

The concept of magic circle has evolved gradually.
Huizinga [27] came up with the voluntary nature of play
and its spatio-temporal separation from ordinary life.
Bateson [4] and Goffman [22, 23] discussed how meta-
communication frames the way playful interactions are
interpreted: e.g. how the context of a boxing match frames
the meaning of violent action. Suits [57] discussed how
engaging in play is about restricting one’s own behavior,
and Apter [1] discussed how the framework of game pro-
tects the participants during play. Finally, Salen and
Zimmerman [52] established the term magic circle to
denote this structure.

2 The relatively detailed referencing practice of this paper is used in
order to stay away from speculation and rely more on results derived
from the various prototype studies.

3 The etymological origins of the term are in pervasive and
ubiquitous computing, where any game using pervasive or ubiquitous
technologies can be called “pervasive game” or “ubiquitous game”
[see 47].
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The magic circle is a social structure in the sense that it
is constructed in the act of play by players and outsiders—
both the spectators and the boxers affirm the playful nature
of the events happening during the boxing match. The play
process both erects the magic circle and is confined by it.
The circle is also a cultural structure: The ritual practices
establishing a boxing match as a playful activity draw upon
cultural conventions.

Pervasive games differ from the usual games in that they
reject the confines of a classic magic circle: They are not
played on an established playground, they are played at
surprising times, and they tend to involve outsiders. Per-
vasive games often blur the boundary of game and ordinary
life so much that it is hard to tell where the game starts and
ordinary life begins.

The pleasures of pervasive gaming are twofold [42]. On
one hand, pervasive games can take the pleasure of game to
ordinary life: Whatever the players do, they know that the
game is on and can surprise them at any time. On the other
hand, pervasive games can take the non-safety of ordinary
to the game: as the game is connected to the player’s
everyday context, the game can feel much more real and
tangible than a purely isolated game.

This definition of pervasivity does not establish a clear-
cut categorization but rather forms a scale of various
properties: games that are played on the streets among
outsiders always exhibit at some pervasivity [25, 35].
Features such as blurred play sessions [5], interacting with
outsiders [8], and designing for coincidence [50] can make
the experience of pervasivity much stronger. Thus, perva-
sive game is an umbrella concept that includes location-
based and location-aware games, ubiquitous games, alter-
nate reality games et cetera.

In here, I use mixed-reality games to denote games that
utilize various mixed-reality setups, as discussed by Milgram
and Kishino [39]. Many games feature augmented reality
[10] or augmented virtuality [7]. A few games feature
numerous play modes that can be placed differently in the
continuum of virtuality [35]. However, the largest category
would seem to be the games that are situated between Mil-
gram and Kishino’s “real environment” and “augmented
reality”. These games augment reality in a minimalist fash-
ion; for example REXplorer [3] combines GPS with a paper
map and self-reported positioning and uses no AR graphics.

From the players’ perspective, it is not necessarily rel-
evant whether the overlay of game world and physical
world is implemented though hardware and software: The
PacManhattan [31] players and game controllers use a
map-street overlay similar to Can You See Me Now? [7],
but it is questionable whether it is (technologically speak-
ing) a mixed-reality system: The PacManhattan players
report their positions to game controllers by mobile phones,
who then update the game map manually.
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The majority of the games studied in this paper happen
to be event games; games that are staged at defined social
events where people go play. Typically, such events last
from an hour to a day, and the game area varies between a
city block to the whole city. Amusement parks, cruise
liners, and tourist offices may stage event games on a daily
basis, but from the players’ perspective they are special
events to be attended.

This distinction is relevant in relation to service games
that are subscribed for months, or product games which
players purchase and play whenever they want.* Due to the
high cost and fragile nature of the custom hardware used in
many of these games, few prototype games are staged as
services, and even fewer are staged as products. The ser-
vice examples include Songs of North [30], Feeding Yoshi
[5], and Mythical [29]. Product games are even fewer, as
most of these games require dedicated hardware that is
expensive to build.

Event games are particularly useful format for new
technologies and interaction practices, as they can be
powerfully controlled by the game organizer, and a large
number of people can use limited hardware.’

These games are all research prototypes, motivated by
technological [3, 6-8, 10, 12, 14, 15, 25, 28, 35, 53, 60],
game design [8, 10, 21, 28, 30, 51], and educational [3, 19,
25] research, as well as by artistic goals [7, 8, 10]. The
goals of the implementation have a strong influence on the
research; projects that are created for art tend to have much
larger test audiences than projects that are created for
technology. Games staged for studying game design tend to
focus on enjoyable and novel gameplay, while educational
games stereotypically focus on conveying some subject
matter to players.

2.1 A brief portfolio of games

The following portfolio of brief game examples should
illustrate the similarities and differences of pervasive
mixed-reality games.

Can You See Me Now? [7] was a chasing game, where
some players played virtual characters running on the map
and the others were runners on the actual streets. The aim
of the street runners was to catch the PC players on the
overlay map. The feeling of runner presence was aug-
mented by audio feeds, allowing the PC players to hear the
breath, voice, and surroundings of the runners.

4 The event game/service game/product game—thinking was used
collectively in IPerG project (http://www.pervasive-gaming.org), but
it has not been published in this form before.

> Somewhat comparable development can be seen e.g. in movie
distribution, from movie screenings (event) to television (service) and
video cassette distribution (product).

REXplorer [3, 59] is a tourist guide leading the players
around the old town of Regensburg. On their way, the
players use mobile phones to communicate with spirits of
the original residents of the town. At river Danube, the
players are able to communicate with a salt trader, for
instance, who tells about the life of the salt traders in
historical Regensburg. Players are free to navigate their
way through Regensburg by picking quests from the spirits
and following them around.

Feeding Yoshi [5] was a location-based long-term WiFi
game played as a part of everyday life; players trade fruit
with each other and feed them to cute “yoshi”-creatures.
The yoshis are represented by secure wireless networks,
while open networks represent plantations where fruit can
be grown. The players plant virtual seed at plantations,
grow fruit, trade them, and finally feed the yoshis. The
game exploits the WLAN stations as a random environ-
ment where players operate.

Epidemic Menace [20, 21, 35] was a mixed-reality
game, where two teams competed in preventing an epi-
demic in a campus area. As the virus was invisible, they
had to use augmented reality technology to see the virus.
The basic dynamic of the game revolved around various
play modes afforded by different gaming devices. For
example, the HQ players were able to use a “satellite” map
to coordinate field workers, who could use their short-range
devices to exterminate viruses.

In addition to these four games, I have looked into
numerous games ranging from mobile phone prototypes
[29, 30, 48] to pervasive live-action role-playing games
[43, 55] and from educational children’s games [2, 19, 51]
to early technology prototypes [12, 53]. Furthermore, this
paper has also been informed by a few pervasive games
that lack mixed-reality technologies (e.g. PacManhattan)
or mixed-reality games that are rather weak in their per-
vasive qualities (e.g. Epidemic Menace). Two games under
scrutiny, Mogi [33, 34] and Botfighters [11] were long-
running commercial service games. References to such
games are used when their results are applicable to per-
vasive mixed-reality games.

3 Play experiences of pervasive mixed-reality games

The studies discussed in this paper often discuss how players
experienced the prototype games, what features were
appreciated, and how gameplay should be designed. The
majority of studies report that the test audiences were
pleased with their play experiences, and in many cases they
would like to play more [see 2, 3,7, 8, 10, 12, 14, 21, 35, 60].
None of the studies present un-appreciative overall opinions.

Roughly speaking, the central reported pleasures revolve
around novelty, physicality, sociality, and new technology.
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In this paper, we focus on a few largely social findings due
to their practical design value: social framing and awk-
wardness, limited view on game world, and local and
global experiences.

3.1 Social framing and awkwardness

Unlike regular play described by Huizinga [27], a perva-
sive game does not “proceed within its own proper
boundaries of time and space according to fixed rules and
in an orderly manner”. Pervasive games break these
boundaries, moving play away from its usual place in the
(Western) culture, into the domain of ordinary life. While
doing so, pervasive games also expand socially, involving
outsiders in play.

Many studies indicate that players feel uneasy while
playing these games that take play out of its culturally
established place. Uneasiness has been reported in games
that require obvious gestures [3], role-playing [41],
equipment [5, 25], sound effects [3], or acting in a
“ridiculous” manner [20]. Interestingly, both dangerous
and highly surveyed areas of the city can make players feel
uncomfortable [5].

We can use Goffman’s [23] theory of social frames to
understand this awkwardness: different social frames apply
to different situations and acting out of frame causes
awkwardness. For example, a CEO takes the role of a
patient when visiting her physician. All reasons of awk-
wardness listed above support the use of Goffman’s model
in understanding the phenomenon: Visible play with
devices and gestures causes awkwardness especially when
it is clearly observable but also inexplicable for the spec-
tator. In highly surveyed and dangerous areas of the city,
the feeling can be amplified by danger of intervention by
the people claiming control over the area.

When the reason for strange behavior is obvious and
culturally accepted, the embarrassment caused by out of
frame action is less significant: In carnivals, such as
bachelor and freshman parties, acting against the usual
frames is a source of enjoyment. While games can be
utilized to defy this social threshold [see 49], it remains
powerful and meaningful. Indeed, acting playfully or even
ridiculously against social conventions is pleasurable in
many in pervasive games [see 31, 38, 41].

Feeling of multiplayer presence is central for mitigating
awkwardness, as the ongoing game serves as an alibi for
acting against the social frame and thus mitigates social
pressure [41]. Maintaining such an alibi in a spatially
expanded game requires constant reassurance that others
are still playing.

Researching this awkwardness with research playtests is
challenging, since they often take place in what Apter [1]
calls a serious (telic) mindset instead of a playful
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(paratelic) one. As the playtesters are given game equip-
ment, briefed about the game and the research, and the tech
support staff tweaks the technology, the study may often
impose a serious disposition toward the game. If the
players were playing the game spontaneously or out of
their own initiative, they would probably approach the
experience in a more playful mindset.

Apter’s reversal theory states that when people in
paratelic mindset get aroused, they experience excitement:
For example, the arousal caused by reaching a record score
in Tetris is highly exciting, while playing on a too easy
level is boring. But, according to Apter, the dynamic is
reversed for telic activities: Anxiety is caused by an
arousing goal-oriented task, people in a telic mindset rather
prefer low arousal and relaxation that follows.°

This issue of play attitude, rather than details of game-
play or technologies used, is a likely reason for why games
such as PacManhattan [31] and Go Game [38] are enjoy-
able forms of play, even though the aforementioned studies
have found it problematic to take play out of its established
cultural slot.

Inspiring a playful attitude is no easy task, as any pro-
fessional entertainer can tell, and inspiring it depends
strongly on cultural factors. As spatially expanded games
lack the Huizingan separation of play and ordinary life,
they will need to develop and use other methods, possibly
such as costumes [10, 31, 35], to inspire and maintain
playfulness. One way to cope with the lack of architecture
is the physical, bodily behavior: the players tend to gather
in groups, facing inwards, and use their own bodies to
arrange momentary magic circles for playing [24, 41].

Taking play out of its culturally established place causes
tension, which players try to mitigate by establishing their
own ad-hoc zones of play. The feelings inspired by that
such tension depend largely on the players’ stance toward
the play activity.

3.2 Limited view on game world

As pervasive play is dispersed spatially, socially, and/or
temporally, it is often impossible for a single player to
observe the entire game. While this might at first appear
problematic, this limited view on the game world seems to
often be a highly enjoyable feature. Players seem to enjoy
game setups, where their perception of the game world
feels limited to a small part of the entire game. Such feeling
of limited perception seems to be a thrilling element that

¢ Apter’s reversal theory can of course be criticized. Its main
ambiguity relates to the concepts of “telic” and “paratelic”’, and how
they relate to, for example, people who genuinely love their work. For
such cases, Csikszentmihalyi’s [16] flow theory may be more
appropriate. Nevertheless, playful attitude (and lack of it) is a central
part of game experience.
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inspires players to immerse into the game. As long as the
players do not know what exactly there is in the game, they
do entertain themselves with their own imaginations and
assumptions.

A typical way of creating the feeling of a limited view
on game world can be done through providing each player
an experience of being a small part of a bigger whole.
Whether it is about task-division [21], competition [5],
team play [21], interdependent tasks [41], or a general
feeling of being connected to a game that reaches beyond
their immediate senses [8, 10], players seem to enjoy
playing small parts in big pervasive games. Especially, the
setups combining headquarters and street players have
been explored [7, 31, 35, also 8 and 56].

One reason for the enjoyment is that players in such
games feel that their actions and successes bear more rel-
evance than it does in a single-player game—a collabo-
rating team or a larger progress of the game depends on
player success [see 41]. Another reason is that the game
world seems lively and exciting when there is much hap-
pening around the individual player, and players feel that
they can, but do not have to, explore it all.

Another way of inspiring the feeling of a limited view is
through designing for coincidental and emergent play,
which has often been reported as enjoyable. Players mis-
taking outsiders for players often get this kind of strongly
memorable experiences; for example some players of Go
Game [37] and Prosopopeia [43] have reported accidental
encounters with outsiders among the best parts of the game.
Some games have intentionally and successfully fostered
such interpretations of non-game related people and places
[see 8, 50, 56, cf. also 17].

Reid [50] and Dansey [17] discuss design guidelines for
creating games that foster emergence and ambiguity.’
Reid, for example, proposes that the designers should
observe and document incidences in the play area in
advance, in order to design play around typical occur-
rences. Based on earlier research,8 the coincidental expe-
riences can be classified in three categories, all of which
have produced highly enjoyable experiences:

e Actual coincidences: players of Prosopopeia encoun-
tered a random outsider on the graveyard and had a
game discussion that turned out to be one of the most
appreciated parts of the game. [43]

e Calculated coincidences: in one mission of Prisoner
Escape from the Tower, the player has to look for a
virtual tower guard from the area where tower guards

7 Here, I discuss coincidentally emerging play experiences. For
player cultures and behaviors emerging in long-term play, see [33,
34].

8 Inspired by Reid [50] especially, who presents a categorization to
natural, social, and feigned coincidences.

usually patrol. Success does not require seeing an actual
guard, but it is quite likely that the players do see them
in the course of the mission. [50]. Similarly, Uncle Roy
All Around You told the player to follow the black-
haired woman, counting on the likelihood that one is
always in vicinity. [8]

e Fabricated coincidences: in Go Game, the players
complete tasks around the town, which often involve
outsiders. Sometimes, however, the people pretending
to be outsiders are actually informed actors, who
“coincidentally” happen to have a helpful stance
toward the players [37]. Such fabricated coincidences
also increase the likelihood of actual coincidences, as
players start to assume that some outsiders are
pretenders.

As emergence and coincidences seem to be enjoyable
play experiences, it is interesting to note that the instances
of emergence seem to never arise from the game technol-
ogy, but from the social and physical contexts of play. The
parts of gameplay that only involve direct manipulation of
a mobile device are highly controlled and unlikely to
generate coincidences.

When the player does not know where the game ends
and where it begins, it is easy to feel and imagine that
everything around the player is connected to the game.
This “show a little, let them imagine the rest”—strategy
resonates with some classic strategies of storytelling. For
this particular reason, the horror movies often prefer to
show a glimpse of a moving shadow rather than a good
view at a horrible monster: Vivid imagination more than
makes up for the lack of visual input. Pervasive games can
do the same with the game world, by showing a small
glimpse but telling that there is much more to be seen. Just
like coincidences, this feeling can also be fabricated:
Momentum game masters used various Internet channels to
portray non-player characters, contributing to the feeling of
a large and lively game world with many unseen players
[56].

The players appreciate the feeling of being small parts
of big game worlds, and that a limited perception on the
game world and emergent play contribute to such feeling.
The feeling is based on perception, instead of the actual
fact of the matter.

3.3 Local and global experiences

The experiences produced by pervasive mixed-reality
games are tightly connected to the way the local physical,
social, and cultural environment is utilized in the play.
Based on the games studied, we propose a four-layer cat-
egorization on localization levels of location-aware games,
based on how they can be distributed.

@ Springer
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e Physical games require indivisible objects and places to
function.” They can utilize prepared scenography [8],
theatrical costumes and props [10], local augmented
reality [25] and custom hardware [43]. These games are
difficult to scale and restage, and there is a risk of
damage to the physical equipment. Physical games are
usually event games.

e Local games utilize the particular cultural and geo-
graphical context they were made for. Tourist games
[e.g. 3, 18] are an excellent example, as they must
connect tightly to their environment.

e Global games are made to work everywhere as long as
the basic wireless infrastructure is present. Global
games often work with GPS [26], Bluetooth proximity
[48], WLAN proximity [5], or cell positioning (Bot-
Fighters'®). Global games tend to be service games.

e Glocal games are games that also utilize local sur-
roundings, but their content, gameplay and technology
are developed in a flexible manner that allows local-
ization and local content creation. They must be set up
and run locally, but that process can be done efficiently,
bringing local flair and physical environment to the
game [see 9].

The localization level of the game has profound signifi-
cance for the production, technology, business and play
experiences of the game. While physical and local games are
very hard to scale for large audiences, global and glocal
games usually have to use less predictable and less intui-
tive!! technologies, such as GPS, cell positioning, or WLAN
positioning. The intuitiveness and the ease of development
and production are central causes why it appears that non-
professionally created pervasive games are often physical or
local (e.g. geocaching, treasure hunts, scavenger hunts,
assassin games et cetera [see 44 for the games]).

Seamful design [see 13] can be used as a way of dealing
with uncertainty caused by unintuitive and unpredictable

° This kind of physicality does not correlate with the physical
dangers of pervasive mixed-reality games. Instead, the distinguishable
physical risk factors include playing in traffic [5, also 11], playing
intensively [3], strong motivation to succeed [26], unclear commu-
nication between organizers and players [55], staring at the screen
while playing [14] and using obstructive AR equipment [25]. One
particularly interesting way of lowering the physical risk is designing
game mechanics that require players to keep track of physical
landmarks [see 3, 14] and other players [see 24].

10 While the game design and basic technology of BotFighters were
global, its reliance on mobile operator services made it glocal in
practice—it had to be launched separately everywhere.

' This unintuitiveness is partially derived from the fact that these
technologies and playing with them are relatively new thing for the
laymen, and partially from the fact that due to their relative newness,
the wireless technologies are prone to ambiguity, malfunction, and
unpredictability. Both of these factors are likely to change in the
future.

@ Springer

nature of such technologies. For example, Treasure'

[2, 14] utilizes seamful design through clearly displaying
uncertainty to players and utilizing as a game element:
Players play with GPS and WLAN, collecting virtual coins
by getting close in terms of GPS, and cashing their findings
in zones with strong WLAN signal. In the context of
Treasure, technological ambiguities are as much a part of
the activity as blizzards are a part of mountain climbing.

Physical and local games can mitigate the wireless un-
intuitiveness without seamful design, through drawing
upon the precise buildings and cultural contexts instead:
REXplorer for example deals with GPS shadows and
uncertainties through telling player to go to a particular
landmark (instead of, say, certain coordinates) and using
landmarks for self-reported positioning to confirm the
player locations [3]. In a similar fashion, Prisoner Escape
from the Tower instructs the players to avoid the Yeomen
guards, as some of them carry Bluetooth beacons that catch
the prisoners in contact. But as Reid [50] discusses, the
point of the game is not in avoiding the beacons but in
avoiding the guards: Not all guards even carry beacons, but
the fear motivates players to avoid them anyway. All
ambiguities are interpreted as strokes of luck by the
players.

Glocal design seems to be a possible way of circum-
venting the problems of both global and local designs,
offering both tangibility and scalability through localiza-
tion. The open issue is: How to create global games that
manage to exploit local environmental and cultural prop-
erties efficiently? The manpower required for localization
of glocal games can be cut down through automation and
user-created content. Automation can utilize various point
of interest databases. User-localized content has not been
sufficiently explored, considering the wide success of
geocaching as a leisure activity.

Combining the localization modes can create powerful
experiences (in the fashion of limited views on the game
world). The global puzzle game of Perplex City concluded
in a highly physical treasure hunt in England. While most
players only participated online, and a precious few man-
aged to join the physical treasure hunt, the play modes
supported each other through added meaning: Online
puzzles were given meaning by the actual treasure hidden
in the forest, while the forest treasure hunt was a visceral
culmination of a game that had lasted for several years.
Finally, the stories told by the treasure hunters lived on in
the internet, enriching the global game, providing the
global player base a mediated experience the physical
events. [44, cf. also 41].

The localization level influences the player experiences
of pervasive mixed-reality games. Global games often need

12 A k.. Bill.
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to deal with un-intuitiveness of wireless technologies
through e.g. seamful design, while local games can use
local environment for the same task.

4 Methodological implications

While the previous chapter looked into some common
game experience findings of pervasive mixed-reality game
research, this chapter goes into methodological implica-
tions of this research. Again, this chapter is based on
interest in gaming activities and hence discusses research
methodology for studying game experiences. The primary
purpose of staging the prototypes and conducting evalua-
tions has often been something else, e.g. field-testing pro-
totype hardware. This discussion only applies to game
research findings.

4.1 Novelty value

It is well established that the new forms of physical
gameplay and playing with new technology are fun. Per-
vasive game playtesters often compliment the novelty of
the technology and gameplay [35]. If you give people a
novel device and let them toy with it for an hour, they are
quite likely to enjoy the experience just because playing
with new toys is fun.

Thus, the novelty may cloud the judgement of play-
testers: They are unable to provide reliable data on whether
this kind of gameplay is enjoyable because it is new or
whether the enjoyability derived from the other properties
of the game. For example, the testers of Treasure found
their interest in the game growing during the testing day
[2], but half of the Feeding Yoshi [5] players found their
interest dropping after a few days of play.

Different games approach novelty in different ways:
While the playtime for a typical digital game is somewhere
between 10 and 100 h, classic games like chess and soccer
run out of novelty long before the player can even start to
master them. Basing a game on novelty value works for
event games for tourists and theme parks, where short play
time and lack of replayability are not problems. In tourist
games, the environment itself is the central novelty; thus,
location-based games need to utilize the cultural value of
the environment (instead of, for example, forcing the users
to revisit places for several times [3, 51] or taking the
players’ attention entirely to the gaming devices).

Nevertheless, the issue of novelty value should be
considered in all evaluations of fun in games. As the
individual game instances of the longest contemporary
service games last for several years (e.g. MMORPGs), it is
critical to measure the enjoyability of the games in relation
to time. Assessing the long-term viability of a game

requires long-term studies.'® Finding out how pervasive
gaming would influence player lifestyles on the long run
would require even longer play periods [see 11, 33, 34].

4.2 Studying fun in a serious manner

Some of the prototypes [2, 10, 14, 21, 25] studied have
been evaluated in prototype play test settings focused on
the evaluation, while others [3, 7, 8, 51, 56] have been
evaluated in public trials with “real” and often paying
audience.

From the user study perspective, this difference is cen-
tral. The latter audiences are gathered based on actual
interest on the game instead of the research, they expect to
receive a technologically stable experience that has been
perfected much farther. Compared to the first group, the
people of the second group participate in the trials in self-
defined groups; they come to play with their friends instead
of random participants of the trial.

When trying to gauge whether something is “fun”, these
differences are critical. Playing with one’s friends at a
leisurely pace in a festive environment is very different
compared to playing with other informants in a clear
research setting. While traditional video games are usually
play tested in laboratory environments, applying the same
methodology on pervasive games is problematic: These
games are all about contextual interaction with one’s
physical and social surroundings. The strong hypothesis is
that the exactly same prototype can be experienced very
differently, depending on how, where and when it is staged.

4.3 Researching games with immature technology

Games offer a challenging environment for testing new
technologies. While an emergency call requires one suc-
cessful positioning, a pervasive game may require thou-
sands of positions every minute—and with a much better
accuracy. Games also place requirements on battery life
and robustness of the technology.

The downside is that exploratory prototypes seldom run
flawlessly [e.g. 7, 8, 10, 21, 28, 29, 45, 51, 54].14 Indeed,
early prototypes are not even meant to be stable and robust: It

'3 Pervasive game trials running for more than 2 weeks are few. See
[56] for a 5-week event-service hybrid, [S] for a month-long service
and [29] for a week-long period of a persistent service. In addition to
trials, see [11, 33, 34] for studies of player cultures that have evolved
over long periods.

!4 These studies discuss or hint at technological problems during
evaluations. Many others [such as 43] disregard problems and focus
on findings that were likely to be unaffected by glitches. Based on
informal discussions with researchers, it should be said that numerous
other prototypes could be added to the list. The studies listed here
deserve to be commended for pointing out their technological
challenges.
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is often more sensible to focus on fixing problems as they
emerge than on testing the prototype until it runs flawlessly.

From the ludological perspective, the problem is that
technology research is often interested in functional aspects
of user experiences, while game research is interested in
hedonic and emotional gameplay experiences. The frequent
breakdowns, disconnections, ambiguities, and glitches are
problematic especially when evaluating the latter.

In addition to stopping the play and thus hindering the
playful experience, the glitches cause confusion in players
[6, 8, 29, also 28]. The confusion in turn hinders their
efforts on learning to use new technologies and how to play
in new way, which can lead to players never playing the
game as intended, and quitting the trials short.

The inherent ambiguities make wireless technologies
challenging to use even when they function properly, and the
distributed nature of pervasive games makes repairs difficult,
as the players are not co-located with the tech support staff.

Thus, it can be said that using immature technologies,
especially immature hardware, is a risky way of proto-
typing that should be avoided whenever possible [see 28,
also 58]. Of course, immature technologies are sometimes
necessary, for example for creating experiences that are
genuinely dependent on such technologies.

In order to succeed in the game research evaluation, the
designers should always have contingency plans for critical
technology malfunctions. For example, the ludological
research on Momentum was saved by the game designers’
two contingency plans for prototype development prob-
lems, one to be used in the case where some functionalities
were not delivered, and another for almost no prototype
technology at all [56].

Stacking too many research questions and technological
requirements on one prototype can also make it signifi-
cantly harder to create proper designs [28]. Requirements
can serve as creative constraints, but they can also hinder
the designer work considerably.

5 Conclusion

In this paper, I have discussed the research paradigm of
pervasive mixed-reality games research, identified a few
typical play experience findings of that paradigm, and
finally discussed some methodological challenges con-
cerning hedonic play experiences.

The three reoccurring themes identified here—social
framing and awkwardness, enjoyability of limited view,
and importance of localization level—are just some of the
basic themes. Other research questions, largely unanswered
by this research paradigm, include for example:

e How do players experience the physical exercise in
pervasive mixed-reality games?

@ Springer

e How to design pacing in unpredictable environment?

e What kinds of game challenges do these games present
to players, and how to balance them?

e How is story content experienced in spatio-cultural
context?

As there are already evaluations from numerous perva-
sive mixed-reality games, it has become more challenging
to make new gameplay observations from small tests. It
seems that a more comprehensive understanding of earlier
research would have benefited many studies [see also 28],
especially when creating hypotheses that would help build
a big picture on how people experience these games.

From the ludological viewpoint, the central question is
whether to explore new territory, or to find out more about
known issues. In the former case, exploration could be more
adventurous and take bolder risks through creating some-
thing genuinely new, even for tiny evaluation groups. In the
latter case, more attention should be paid to identifying the
research issues in the context of earlier studies and creating
larger trial setups allowing more general results.

At the time of writing of this paper, it would seem that
the ludological understanding of these games would benefit
the most from an experimental large-scale game created for
real customers with a focus on play experiences. A com-
parable example can be found from alternate reality games,
where one exemplar, The Beast, gave direction to the entire
genre [see 36]. In the field of location-aware gaming, the
importance of BotFighters [see 11] has been similarly
significant.

Having said all this, it needs to be added that the
research done in the HCI paradigm is also immensely
valuable for the development of pervasive mixed-reality
games. For instance, various studies discuss how to design
around technological problems [e.g. 2, 6, 7, 25], which is
pivotal for developing successful games. All pervasive
mixed-reality games benefit greatly from the new engi-
neering innovations, as well as from the thorough under-
standing of the relevant technologies.

Acknowledgments This paper was written at Nokia Research
Center. I want to thank the entire User Experience and Design team
for their help—especially Hannu Korhonen, Juha Arrasvuori and Jussi
Holopainen. Further thanks to Barbara Griiter, Johanna Koljonen,
Annakaisa Kultima, Frans Méyrd, Jaakko Stenros and Annika Waern
for comments and discussions.

References

1. Apter MJ (1991) A structural-phenomenology of play. In: Kerr
JH, Apter MJ (eds) Adult play. A reversal theory approach. Swets
& Zeitlinger, Amsterdam

2. Barkhuus L, Chalmers M, Tennent P, Hall M, Bell M, Sherwood
S, Brown B (2005) Picking pockets on the lawn: the development



Pers Ubiquit Comput (2011) 15:3-12

11

10.

11.

12.

13.

14.

15.

17.

18.

20.

21.

of tactics and strategies in a mobile game. In: Lecture Notes in
Computer Science 3660

. Ballagas R, Kuntze A, Walz SP (2008) Gaming tourism: lessons

from evaluating REXplorer, a pervasive game for tourists. doi:
10.1007/978-3-540-79576-6_15

. Bateson G (1955) A theory of play and fantasy. In: Salen K,

Zimmerman E (eds) The game design reader. A rules of play
anthology. The MIT Press, Massachusetts

. Bell M, Chalmers M, Barkhuus L, Hall M, Sherwood S, Tennent

P, Brown B, Rowland D, Benford S, Capra M, Hampshire A
(2006) Interweaving mobile games with everyday life. doi:
10.1145/1124772.1124835

. Benford S, Rowland D, Flintham M, Drozd A, Hull R, Reid J,

Morrison J, Facer K (2005) Life on the edge: supporting col-
laboration in location-based experiences. doi:10.1145/1054972.
1055072

. Benford S, Crabtree A, Flintham M, Drozd A, Anastasi R, Paxton

M, Tandavanitj N, Adams M, Row-Farr J (2006) Can you see me
now? In: ACM transactions on computer-human interaction, vol
13, no 1, pp 100-133

. Benford S, Crabtree A, Reeves S, Flintham M, Drozd A, Sheridan

J, Dix A (2006) The frame of the game: blurring the boundary
between fiction and reality in mobile experiences. doi:10.1145/
1124772.1124836

. Bichard J, Brunnberg L, Combetto M, Gustafsson A, Juhlin O

(2006) Backseat playgrounds: pervasive storytelling in vast
location based games. doi:10.1007/11872320_14

Bichard J, Waern A (2008) Pervasive play, immersion and story:
designing interference. doi:10.1145/1413634.1413642

Bjerver M (2006) Player behaviour in pervasive games—using
the city as game board in botfighters. Master’s Thesis, Royal
Institute of Technology, Stockholm

Bjork S, Falk J, Hansson R, Ljungstrand P (2001) Pirates! using
the physical world as a game board. doi:10.1007/978-3-7643-
8415-9_91

Chalmers M, MacColl I (2003) Seamful and seamless design in
ubiquitous computing. In: proceedings of workshop at the
crossroads: the interaction of HCI and systems issues in
UbiComp

Chalmers M, Bell M, Brown B, Hall M, Sherwood S, Tennent P
(2005) Gaming on the edge: using seams in pervasive games. doi:
10.1145/1178477.1178533

Cheok AD, Fong SW, Goh KH, Yang X, Liu W, Farzbiz F (2003)
Human pacman: a sensing-based mobile entertainment system
with ubiquitous computing and tangible interaction. doi:
10.1145/963900.963911

. Csikszentmihalyi M (1975) Beyond boredom and anxiety. The

experience of play in work and games. Jossey-Bass Publishers,
San Francisco

Dansey N (2008) Facilitating apophenia to augment the experi-
ence of pervasive games. In: breaking the magic circle seminar.
University of Tampere, April 2008

Ericsson M (2003) Enchanting reality: a vision of big experiences
on small platforms. In: Copier M, Raessens J (eds) Level up.
Digital games research conference 4-6 November 2003 pro-
ceedings. Universiteit Utrecht, Utrecht

. Facer K, Joiner R, Stanton D, Reid J, Hull R, Kirk D (2004)

Savannah: mobile gaming and learning? In Journal of Computer
Assisted Learning 20. Blackwell

Fischer JE, Lindt I, Stenros J (2006) Final crossmedia report (part
2): epidemic menace II evaluation report. IPerG deliverable D8.8.
http://www.pervasive-gaming.org/press1.php

Fischer JE, Lindt I, Stenros J (2007) Evaluation of crossmedia
gaming experiences in epidemic menace. In Magerkurth C et al.
(eds) Proceedings of the 4th international symposium on perva-
sive gaming applications

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Goffman E (1961) Encounters: two studies in the sociology of
interaction. Bobbs-Merrill, Indianapolis

Goffman E (1974) Frame analysis. An essay on the organization
of experience. Northeastern University Press, Boston

Griiter B, Oks M (2007) Situated play and mobile gaming. In:
Baba A (ed) Proceedings of DiGRA 2007 situated play
conference

Herbst I, Braun AK, McCall R, Broll W (2008) TimeWarp:
interactive time travel with a mobile mixed reality game. doi:
10.1145/1409240.1409266

Hielscher J, Heitlager J (2006) Wanderer—Ilocation independent
GPS game. In: Proceedings of the 3rd international workshop on
pervasive gaming applications. http://www.ipsi.fraunhofer.
de/ambiente/pergames2006/final/PG_Hielscher_Wanderer.pdf,
pp 55-60

Huizinga J (1938) Homo Ludens. Versuch einer Bestimmung des
Spielelements der Kultur. Ref. English translation (1955) Homo
Ludens. A study of play element in culture. Beacon Press, Boston
Koivisto EMI, Ollila M (2006) How to fail: mobile game design
in a research project involving software prototype development.
In Game Design & Technology Workshop ‘06

Korhonen H, Saarenpdda H (2008) Mythical mobile evaluation
report. IPerG Deliverable D13.5. http://www.pervasive-gaming.
org/press1.php

Lankoski P, Helio S, Nummela J, Lahti J, Médyrd F, Ermi L
(2004) A case study in pervasive game design: the songs of north.
doi:10.1145/1028014.1028083

Lantz F (2009) PacManhattan. In: Montola M, Stenros J, Waern
A (eds) Pervasive games: theory and design. Morgan Kaufmann,
Burlington

Lastowka G (2007) Rules of play. Ref. draft dated October 16,
2007

Licoppe C, Inada Y (2005) Emergent uses of a multiplayer
location-aware mobile game: the interactional consequences of
mediated encounters. In: http://www.parishine.com/FTreport/
mobile/ppt/SpeakersPapers.pdf

Licoppe C, Inada Y (2008) Geolocalized technologies, location-
aware communities, and personal territories: The Mogi case. doi:
10.1080/10630730802677905

Lindt I, Ohlenburg J, Pankoke-Babatz U, Ghellal S (2007) A
report on the crossmedia game epidemic menace. ACM Com-
puters in Entertainment, vol 5. No. 1, Article 8

Martin A, Thompson B, Chatfield T (eds) (2006) Alternate reality
games white paper. IGDA. http://igda.org/arg/whitepaper
McGonigal J (2003) A real little game: the pinocchio effect in
pervasive play. In DiGRA 2003 conference. http://www.digra.
org/dl/db/05097.11067.pdf

McGonigal J (2006) This might be a game: ubiquitous play and
performance at the turn of the 21st century. Dissertation, Uni-
versity of California

Milgram P, Kishino F (1994) A taxonomy of mixed reality visual
displays. In IEICE transactions on information systems, vol E77-
D, No. 12 (Dec 1994). http://vered.rose.utoronto.ca/people/
paul_dir/IEICE94/ieice.html

Montola M (2005) Exploring the edge of the magic circle.
Defining pervasive games. DAC 2005 conference, December
1-3. IT University of Copenhagen

Montola M (2007) Tangible pleasures of pervasive role-playing.
In: Baba A (ed) Proceedings of DiGRA 2007 situated play con-
ference. September 24-28. The University of Tokyo, Tokyo,
pp 178-185

Montola M (2009) Games and pervasive games. In: Montola M,
Stenros J, Waern A (eds) Pervasive games: theory and design.
Morgan Kaufmann, Burlington

Montola M, Jonsson S (2006) Playing on the edge of reality. In:
Frizon T, Wrigstad, T (eds) Role, play, art. Collected experiences

@ Springer


http://dx.doi.org/10.1007/978-3-540-79576-6_15
http://dx.doi.org/10.1145/1124772.1124835
http://dx.doi.org/10.1145/1054972.1055072
http://dx.doi.org/10.1145/1054972.1055072
http://dx.doi.org/10.1145/1124772.1124836
http://dx.doi.org/10.1145/1124772.1124836
http://dx.doi.org/10.1007/11872320_14
http://dx.doi.org/10.1145/1413634.1413642
http://dx.doi.org/10.1007/978-3-7643-8415-9_91
http://dx.doi.org/10.1007/978-3-7643-8415-9_91
http://dx.doi.org/10.1145/1178477.1178533
http://dx.doi.org/10.1145/963900.963911
http://www.pervasive-gaming.org/press1.php
http://dx.doi.org/10.1145/1409240.1409266
http://www.ipsi.fraunhofer.de/ambiente/pergames2006/final/PG_Hielscher_Wanderer.pdf
http://www.ipsi.fraunhofer.de/ambiente/pergames2006/final/PG_Hielscher_Wanderer.pdf
http://www.pervasive-gaming.org/press1.php
http://www.pervasive-gaming.org/press1.php
http://dx.doi.org/10.1145/1028014.1028083
http://www.parishine.com/FTreport/mobile/ppt/SpeakersPapers.pdf
http://www.parishine.com/FTreport/mobile/ppt/SpeakersPapers.pdf
http://dx.doi.org/10.1080/10630730802677905
http://igda.org/arg/whitepaper
http://www.digra.org/dl/db/05097.11067.pdf
http://www.digra.org/dl/db/05097.11067.pdf
http://vered.rose.utoronto.ca/people/paul_dir/IEICE94/ieice.html
http://vered.rose.utoronto.ca/people/paul_dir/IEICE94/ieice.html

12

Pers Ubiquit Comput (2011) 15:3-12

44,

45.

46.

47.

48.

49.

50.

51.

52.

of role-playing. Foreningen Knutpunkt, Stockholm. http://jeepen.
org/kpbook, pp 85-99

Montola M, Stenros J, Waern A (2009) Pervasive games: theory
and design. Morgan Kaufmann

Montola M, Waern A (2005) Prosopopeia evaluation report.
IPerG Deliverable D11.4 (unpublished)

Maiyra F (2008) An Introduction to Game Studies. Games in
Culture, Sage, London

Nieuwdorp E (2007) The pervasive discourse: an analysis. In
ACM computers in entertainment, vol 5, no. 2

Peitz J, Bjork S, Saarenpdd H (2007) Insectopia: exploring per-
vasive games through technology already pervasively available.
doi:10.1145/1255047.1255069

Poremba C (2007) Critical potential on the brink of the magic
circle. In: Baba A (ed) Proceedings of DiGRA 2007 situated play
conference. September 24-28. The University of Tokyo, Tokyo,
pp 772-778

Reid J (2008) Designing for coincidence. Incorporating real
world artifacts in location-based games. doi:10.1145/
1413634.1413643

Reid J, Clayton B, Melamed T, Hull R, Stenton P, Peirce A,
Gidlow C, Holmes S (2008) The design of prisoner escape from
the tower: An Interactive location aware historical game. In
Tate’s 2008 Handheld Conference. http://tatehandheld
conference.pbwiki.com/Escape+from+-the+Tower

Salen K, Zimmerman E (2004) The rules of play. Game design
fundamentals. MIT Press, Massachusetts

@ Springer

53.

54.

55.

56.

57.

58.

59.

60.

Schneider J, Kortuem G (2001) How to host a pervasive game:
supporting face-to-face interactions in live-action roleplaying.
Ubicomp 2001, Atlanta

Stenros J, Montola M, Waern A (2007) Post mortem interaction.
social play modes in momentum. In: Donnis J, Gade M, Thorup L
(eds) Lifelike. Knudepunkt 2007, Copenhagen, pp 131-145
Stenros J, Montola M, Waern A, Jonsson S (2007) Momentum
Evaluation Report. IPerG Deliverable D11.8C. http://www.
pervasive-gaming.org/press1.php

Stenros J, Montola M, Waern A, Jonsson S (2007) Play it for real.
Sustained seamless life/game merger in momentum. In: Baba A
(ed) Proceedings of DiGRA 2007 situated play conference.
September 24-28. The University of Tokyo, pp 121-129

Suits B (1990) Construction of a definition. In: Salen K, Zim-
merman E (eds) The game design reader. A rules of play
anthology. The MIT Press, Massachusetts

Waern A (2009) Information technology in pervasive games. In:
Montola M, Stenros J, Waern A (eds) Pervasive games: theory
and design. Morgan Kaufmann, Burlington

Walz SP (2007) Pervasive Persuasive Play: Rhetorical Game
Design for the Ubicomp World. In: Fogg BJ, Eckles D (eds)
Mobile persuasion: 20 Perspectives on the future of behavior
change. Stanford Captology Press, Palo Alto, pp 101-108
Wetzel R, Lindt I, Waern A, Jonsson S (2008) The magic lens
box: simplifying the development of mixed reality games. doi:
10.1145/1413634.1413719


http://jeepen.org/kpbook
http://jeepen.org/kpbook
http://dx.doi.org/10.1145/1255047.1255069
http://dx.doi.org/10.1145/1413634.1413643
http://dx.doi.org/10.1145/1413634.1413643
http://tatehandheldconference.pbwiki.com/Escape&plus;from&plus;the&plus;Tower
http://tatehandheldconference.pbwiki.com/Escape&plus;from&plus;the&plus;Tower
http://www.pervasive-gaming.org/press1.php
http://www.pervasive-gaming.org/press1.php
http://dx.doi.org/10.1145/1413634.1413719

	A ludological view on the pervasive mixed-reality game research paradigm
	Abstract
	Introduction
	Pervasive mixed-reality games
	A brief portfolio of games

	Play experiences of pervasive mixed-reality games
	Social framing and awkwardness
	Limited view on game world
	Local and global experiences

	Methodological implications
	Novelty value
	Studying fun in a serious manner
	Researching games with immature technology

	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


