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ABSTRACT

This paper discusses the concept of procedural enbnt
generation-based (PCG-based) game design as aoweredte
new kinds of playable experiences. We examine iffiereint ways
that PCG is currently used in games, and how tbatimpacts the
meaning of the game and the player's experienaealllyj we
discuss the design and implementation of an exmpatiah PCG-
based 2D platformer calleBathenn, which provides the player
with control over the level they are playing whileey explore
both the physical and generative spaces of the game
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1. INTRODUCTION

Procedural content generation (PCG) has many pesposgame
design. Perhaps its most common use is to proreplayability,
since varied content can lead to drastically ddfier play
experiences. It has also been used to bypass tathinitations,

as in the gamé&lite [2], in cases where there is not enough disk

space or memory to store a game world. More reeéatts in
both the industry and academia [1, 8, 16] have uB&G
techniques to build games that adapt to a playsil level or
preferences, either at runtime or offline.

But while there are many games that use procedtoatent
generation, most of them have the same or simitgptngs of
their genre as a game without PCG. For examptgue [17]
would undoubtedly be a different game without tise of PCG,
but the core difference betwedRogue and a versionRogue
without PCG would be that the game could not elytisarprise
the player more than on the initial playthroudRogue uses
similar mechanics and aesthetics as other dungeawlicg
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games: exploring new spaces, killing enemies, aicHing up
loot.

However, there are other games, which we E4lIG-based
games, that create a playable experience inherentlyctirad by
PCG and are therefore able to expand or subvertaheentions
of their genre or even create an entirely new gefigame. We
do not imagine that there is a clear dividing Ibetween a PCG-
based game and a non-PCG-based game; rathess thigpectrum
along which games can be measured according te thifierent
measures: replayability and adaptability, its fetethip to game
mechanics and dynamics (as defined by Hunicke, drBland
Zubek [6]), and the player’s control over content.

This paper presents our initial work towards creata heavily
PCG-based experimental gamRRathenn, a 2D platformer that
provides the player control over the level theyymad subverts
some of the traditional tropes of a 2D platformiEre concept of
space in the game has a dual meaning: it referbotb the

physical space that the player is exploring througtditional

platforming mechanics, and the generative spadeeofinderlying
system that is automatically generating new cortergésponse to
player decisions. Differently colored ladders letm newly

generated rhythm groups, and the player can ddcidmke a
different path at any time and see untaken patisdat before
him. The game is currently open-ended.

2. PCG-BASED GAME DESIGN

In this section, we analyze the different ways thatcedural
content generation is used in games and how thpadta the
player's experience. Our analysis often examinesticodar
aspects or sub-systems of a game, and games ceonbielered
PCG-based with regard to one of these measuresdiuthe
others.

2.1 Replayability and Adaptability

One of the earliest examples of PCG is in the gRogrie, made
in 1980. Rogue uses PCG to improve the replayability of the
game: on each playthrough, the player encounteesnalevel. A
concept related to replayability iadaptability: the use of
procedural content generation to adjust contenteimction to
player actions or skill levels. Adaptability is @ayto improve the
replayability of a game, and also potentially a wagiversify the
player base by encouraging players who have diffguay styles
or skills. Replayability is the primary purposeREG in a number
of games, such &ivilization 1V [3] andCanabalt [14].

Map generation serves two purpose<ixilization: to provide a
novel area to explore at the beginning of the gaane, to frame
resource trading and combat later in the game. tBese two
purposes are also fulfilled by other aspects ofgame design,
most notably decisions made by other players ingdrae (either



human or Al-controlled). Indeed, ti@@vilization games provide a
number of hand-authored maps and scenarios foeqddhat are
extremely popular and replayed to attempt differsmategies.
Thus, while an important aspect of the game, wegguthat

Civilization is not a PCG-based game. On the other end of the

spectrum, Canabalt is a side-scrolling 2D platformer with
procedurally generated level segments. The gotileofjame is to
play for as long as possible before crashing intoudding or
obstacle. PCG is also used for replayability irs tpame: it is
impossible to memorize the timing of jumps to pllag game, and
players must instead hone their skills at reactiagidly to a
obstaclesCanabalt’s design is inextricably tied to its use of PCG,
thus we label it a PCG-based game.

2.2 Game Mechanics and Dynamics

We can draw a distinction between PCG systems ahgtment
traditional mechanics and those which enable newhar@cs
entirely. Consider the first-person shodBerderlands [5], which
uses PCG to automatically generate a staggeringbeurof
weapons (approximately 17,750,000 unique combinatifi2])
by combining different weapon properties. In thiamg the
procedural weapon generation takes place withincth@ext of
familiar first-person shooter mechanicBorderlands is not a
PCG-based game in this regard. However, if we nubosely
examine the impact of PCG on the play experieneecan see
that the vast amount of procedural content availabtates a new
play dynamic where players are constantly adjustiver game-
play to take advantage of new weapons in a waywboatdn't be
possible without the PCG system. Thus we juBgederlands to
be non-PCG-based with regard to its mechanicsPiiG-based
with regard to its dynamics.

On the other hand, Jason Rohrer's latest reldasile a Star-
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Figure 1. A screenshot of the current version ofRathenn
during play.

indirect player control: each new boss is generatea way that
adapts to the previous means of destruction. Witdgers cannot
directly control the shape of the enemies theytfiglthey can
adopt different strategies that result in dradlycdifferent enemy

types.

3. RATHENN: AN EXPERIMENT IN PCG-
BASED DESIGN

Rathenn is an experimental PCG-based game that exprelses t
idea of creation through exploration. The primargtiwation
throughout our design process has been to buil&raegthat
highlights procedural content generation and presid new kind
of playable experience. The purpose of the cuiiterdtion of the
game is to answer questions about the kind of obtirat the
player has over the generator and what furtherrabttie player
may wish to have, and to determine methods forptlager to
explore the generative space of the system. Weadtts®o explore
the idea that the player can see the paths he ctotde take and
the play opportunities that he could have had bkimgadifferent

Filled Sky [13] is a good example of a game whose mechanics arede(?isions. The current version of the game is altl to play

PCG-based. Players navigate a space in which #reg@om into

or out of recursively nested levels, each one gaedrfrom a seed
passed from an object in a higher or lower ey events that
take place on one level of play affect levels abane below

themselves, which in turn reinforce or reseed thecgdurally

generated levels that the game is building. It wdié impossible
to hand-author this game, as the mechanic of thmeg&s

integrally tied to the PCG system.

2.3 Player Control over Content

Many games that incorporate PCG tend to have tmergeor
behind the scenes, out of reach of playRogue andCivilization

are both examples of this: while the player interagith the
generated content itself, there is no mechanisrhinvithe game
for interacting with the generator itself. This peoty is also true
of some games with runtime PC@®tinecraft [11] players have
control over how quickly they can explore the prhaally

generated space, but no control over what theytfiece.

For those games that do provide the player wittresedo the
generator, there are two forms of access offeredirect and
direct. Indirect control is often used in gamestthdapt in
realtime to the player’s skill level, as in tielymorph project
[8]. A skilled player could choose to take certagtions, such as
falling down gaps or being killed by enemies, whiebuld result

in the level adapting to become easier, thus regudhe
appearance of certain difficult combinations ofdlesomponents.
Warning Forever [10] provides another interesting example of

onlinel

3.1 Game Description

A key aesthetic ifRathenn is a sense of exploration, both in terms
of physical exploration and exploration of the gatige space of
the game. The game uses a variant of the Launchegass
generator [15] to create new level segments duniay.
Parameters for Launchpad control probabilitiesttierappearance
of geometry, the length of level segments and ibistion of
player actions, and physics properties for the grlaps players
move laterally through a level, they must overcomeeries of
challenges in a procedurally generated level segnigrthe end
of each segment, the player encounters a set détadhat she
can choose to climb. These ladders cause a neweségm be
generated, with updated properties from the prisgngent as
determined by the color of the ladder. When thgegilaeaches the
end of a ladder, a new segment is available fah&urexploration.
Figure 1 shows a screenshofRathenn during play.

There are six colors of ladder corresponding teehsets of
parameters that can be altered. The two colorsngeig to each
set are complementary colors, denoting oppositexgggm The
color of the ladders at the end of each segmedetisrmined by
how many coins of each color the player has cabtbctFor
example, if the player has more red coins thanrgoeéns, a red
ladder will appear instead of a green ladder. Tle@ways one

! http://users.soe.ucsc.edu/~gsmith/rathenn/progsiyeg11/



ladder per decision type available to the playectivating a
ladder causes a shift in the color of the backgdotowards the
chosen color. Players are thus visually cued aha@oimpact of
their decisions on system parameters.

* Red More enemies, fewer gaps

« Green More gaps, fewer enemies

¢ Orange More wait actions, fewer jump actions

¢ Blue More jump actions, fewer wait actions

e Purple Avatar can run faster and jump higher; springs are
more likely to appear

e Yellow Avatar can run slower and not jump as high; sgring

are less likely to appear

To help give the player a sense of the generapaees they are
exploring, it is possible for them to backtrackidgrthe game and
choose a different ladder at each decision poihe paths that
they could have taken appear as a faded imageagiesplin the
background of the player’s current field of play.

3.2 A PCG-Based Game

In Section 2 we discussed three ways in which aegaan be

PCG-based.Rathenn was designed as a PCG-based game

according to all of these measures.

It is a PCG-based game with regard to replayabibiyd
adaptability for two reasons. Firstly, through itechanics for
creating content according to player decisions anoviding
support for the player to change that decisiontakd a different
path. Secondly, the same decisions on differenttiplaughs will
still lead to different levels, as the players’ d@ans alter
probabilities for generated level segments rathantthe level
segments themselves.

Mechanics-wise,Rathenn is consciously positioned within the
tradition of the platformer. The basic actions &lde to the
player are those typical of existing platformergluding jumping
over gaps, killing enemies, avoiding stompers, afichbing
ladders. Ladder climbing serves a dual purposeh& game,
however; it allows the player to explore both the/gical level
and the space of potential levels that can be edeéiy the
generator. This PCG-based mechanic leads to piisategies, or
dynamics, that are shaped by the design of the BY&@m. By
choosing different ladders at particular times, thlayer can
carefully shape the qualities of the level.

Like Inside a Sar Filled Sky, Rathenn builds generated spaces in
response to player actions, but in this case pddyave a measure
of direct control over the spaces that the gamklbuihe game’s
generator can be actively manipulated by playertheg explore
the playable space of the game and the generagiveesof the

system.Rathenn is an experiment in opening up the generator in

its entirety to players, allowing direct controlemit as a function
of gameplay.

3.3 Future Directions

We consider the current prototype of the game tofddy
successful. There is a need for further playtesiingubsequent
iterations to tune the amount by which paramete¥sadjusted for
the different ladders ladders, and also to detezram appropriate
interface for viewing greyed out paths. Howeverthgan is still
in its early stages, and there are a number ofrothere major
directions we would like to explore.

Better incorporating coin generation and collection into
gameplay. Currently, the amount of coins of a certain coluatt
have been collected determine the colors of thedeslat the end
of each segment. We would like to investigate piimg even
more direct control over generated levels to tteyg, and coins
seem a good mechanism for this. We intend to Iddkos coin
collection could be used to electively change @edagments of a
level (e.g. turning a jump over a gap into a stompe

Separating physics from the generation process.Level

segments are generated according to the knowngshysdperties
of the world at the time of generation: this ensuteat all level
segments are guaranteed to be playable. We plamvéstigate
ways to encourage the player to explore both thesipal and
generative spaces more fully, and one way to dowlould be to
separate the physics properties of the world frora tevel
generator. If the player explores and discoveregment of the
level that cannot be traversed due to an inadequatp height,
they could then be forced to explore the spaceirtd & level
element that changes the world physics before bediteyto move
further in that direction.

Exposing the system’s internal stateWhile Rathenn provides

the player with direct control over the input tcethinderlying

PCG system, there is no way for the player to wstdad the
generator’s internal state. Certain sets of pararsetre harder for
the generator to meet than others. For exampleqest for more
enemies to jump on combined with a request for moeét

actions is somewhat contradictory: enemies requirg actions,
and an increase in wait actions leads to a deciegsmp actions.
We are considering exposing this state througheeitisual

feedback in the background, or by explicitly reprgmg the
generator as a character in the game.

4. EXPLORING MEANING IN RATHENN

As the use of PCG now enables a player to drive dven

experiences in a vast multiplicity of playable lsyewe must
begin to reconsider how meaning might emerge frbeseé new
design affordances. What makes each level sigmifie- or at
least significant enough to motivate continued eegzent?
Rathenn’s play is open-ended and player-driven, leavingropvo

crucial ways of structuring meaning in traditiopddtformers: an
explicit narrative (in favor of play as creationgéoration), and an
explicit goal (in favor of play as process/perfonoa). In prying
these open, we propose that a game shifts frongleeispace of
contest and narrative enactment [7] to a site @lozation and
becoming [4]. The player is positioned in not ohet now two
interrelated dimensions: the levels where play lasfoand the
generative space that gives form to the levels.aBdmg our
thinking from a sculpting of space to include alpting of

relations and negotiable platforms can potentiathaffold new
ways of considering the question of meaning.

Media theorist Henry Jenkins describes game designthe

sculpting of space [7]. This is helpful in consider traditional

platformers, almost all of which plot game playiagtaa series of
designer-created spatial challenges. These chaies@ designed
to lead the player through a specific skill progies or narrative
arc. However, inRathenn, these challenges are constructed
procedurally, and open-ended exploration reducesitiility for a
game designer to direct a player through such pesjwns or
arcs. We begin by reconsidering a levelRathenn as a “site”
that opens up many potential spaces, rather thasingle,



prescribed space. Cultural theorist Miwon Kwon'spamant
articulation of site-specificity [9] is a helpfutdmework for this
analysis: “site” is defined as a contingent setcomplex and
largely asymmetrical relations. IRathenn’s case, we can point
out four interdependent relations: the player, designer, the
affordances of the underlying generative systend, ideologies
within which player, designer, and system are erndbdd
Meaning in the game therefore is always shiftind aagotiable.
We are experimenting with exploring meaningRathenn in two
ways.

Rathenn redefines the traditional meaning of success and
failure. As in traditional platformers, dexterity-based l&@ages
motivate continued exploration and mark deepenimgagement
in the game. However, iRathenn, getting caught under a stomper
or not completing a jump does not entirely disrtipe play
experience, but instead provides an opportunityttier player to
constructively reshape the game world. While trey@l needs to
be able to pass a challenge to keep exploringcahelso choose
different paths for exploration. Challenges motvaturther
exploration of the site, rather than attributindueato particular
actions or skill levels. This is a new affordanbattprocedurally
generated game play opens up, and one that gjilliress much
research. In allowing for such an immense fieldptHy, it is
important to consider how player choices actualljicbup to a
larger, player-defined schema: a source of meawithout this
larger sense, players are reduced to arbitrarilywimgo from
Kwon's “one place to another”, or passing one engi for
another.

Rathenn holds the possibility for player-directed contentand
meaning. Procedurality and support for player choices presid
an opportunity to disrupt the ideologies embeddedraditional
platformers. As digital artist and game theoristri&lanagan
suggests [4], critical play is a technology thdbwb players to
imagine and inhabit particular kinds of worlds aagply their
own interpretations. Foucault might easily unpadie trule
systems of traditional platformers (quests, coégmemies, friends)
as a disciplinary apparatus for a capitalist lalforce that
functions on the accumulation of wealth. With thewnrule
systems of a PCG-based platformer suchRatbenn comes the
potential for a designer to express new meanings seed
different interpretations. But whereas traditiogaimes with hand-
authored spaces and stories can be strictly dabitmesend a
specific message, games such Rathenn, where the player's
choices create new spaces and stories, provideldyer with a
potentially powerful toolbox for creating their ownstances of
the game with their own intended meanings. A gideal of
further study is needed to determine how best twige these
tools, how players might interact with them, andvhexpressive
this toolbox can be. The task of designing PCG-thasanes that
provide such possibilities to the player has oabt pegun.

5. CONCLUSION

Rathenn is a work-in-progress 2D platformer 2D platforntleat
aims to subvert the traditional meaning of platfersnthrough its
use of procedural content generation. In this vRaghenn is what
we call a PCG-based game: it is heavily dependeritsouse of
PCG for providing the desired player experience.

By creating this game, we hope to learn more atf@migenerative
space of thd.aunchpad procedural level generator and how we
can improve its design for use in a game. We alao { further

explore how the design of the level generator dfodifferent
game mechanics and aesthetics. Our experience datiry
Rathenn has shown that PCG-based game design,likeigame
design in general, is a highly iterative processhwhe game
pushing constraints on the generative system arewarsa.

It is our hope that the work presented here, anddmecussion of
how PCG is currently used in games, will promote farther
study of PCG as a means to create new playableierpes.
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