Towards an Ontological Language for Game
Analysis

José P. Zagal, Michael Mateas, Clara Fernandez-Vard&rian Hochhalter,

Nolan Lichti
College of Computing and School of Literature, Communication and Culture
Georgia Institute of Technology

Atlanta, GA 30332, USA
{ip,michaelm}@cc.gatech.edu, clara.fernandez@I|dedaedu, brianhoch@mac.com, nolanlichti@hotmaitc

ABSTRACT

The Game Ontology Project (GOP) is creating a frameworkdescribing, analyzing and
studying games, by defining a hierarchy of concepts abstractedafr@malysis of many specific
games. GOP borrows concepts and methods from prototype theory as welunded theory to
achieve a framework that is always growing and changing @as gagnes are analyzed or
particular research questions are explored. The top level of the gyntahderface, rules, goals,
entities, and entity manipulation) is described as well as &uylart ontological entry. Finally,
by engaging in three short discussions centered on relevant gardies research questions, the
ontology’s utility is demonstrated.
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INTRODUCTION

This paper introduces the Game Ontology Project (GOP) asnaeWwork for describing,
analyzing and studying games. We begin by positioning the G@ icontext of other projects
in the field of game studies. Next, we present the theoreticaheethodological influences that
have shaped both our conceptual understanding of the GOP and its developemenhtue
with an overview describing its structure and overall hierardfipally, we outline a few ways
in which the GOP scaffolds and affords the exploration of intereséisgarch questions and
describe some future directions our work will take.

RELATED WORK

Game designers have called for a design language [5, 6, 16, 17], thatirtiesigners currently
lack a unified vocabulary for describing existing games and thirtkirepgh the design of new
ones. Many of the proposed approaches focus on offering aid to the desitjrez in the form

of design patterns [2, 3, 16], which name and describe design elemanttherclosely-related
notion of design rules, which offer advice and guidelines for spedgfsign situations [9, 10].
Other analyses draw methods and terminology from various humansstiglidies- for example,
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games have been analyzed in terms of their use of space [Igmastic systems [18], as a
narrative form [4, 21], in terms of the temporal relationships betvaetons and events [8], or
in terms of sets of features in a taxonomic space, using dustéris space to identify genres.

[1]

The Game Ontology Project’s approach is to develop a game ontologydémtifies the
important structural elements of games and the relationships dretitnem, organizing them
hierarchically. Our use of the teromtologyis borrowed from computer science, and refers to the
identification and (oftentimes formal) description of entitieghimi a domain. Often, the
elements are derived from common game terminology (e.d. &adeboss) and then refined by
both by abstracting more general concepts and by identifying pnecgse or specific concepts.
An ontology is different than a game taxonomy in that, rather thamiangg games by their
characteristics or elements, it is the elements themselves thaganezed.

Our work is distinct from design rule and design pattern approdchesffer imperative advice
to designerg9, 101. We do not intend to describe rules for creating good games, het tat
identify the abstract commonalities and differences in desgmegits across a wide range of
concrete examples. The ontological approach is also distinct frone g@alyses and related
attempts to answer the question “what is a game?” Rathedévatop definitions to distinguish
between games/non-games or among different types of gamesgwsgeoio analyzing of design
elements that cut across a wide range of games. Our goaltis cassify games according to
their characteristics and/or mechanics [20], but to describe the design sgaosesf

Our approach is well suited to exploring issues and questionsligayames and gameplay.
The GOP provides a framework for exploring, dissecting and understatidinglationships
between different game elements. A few examples of resgagastions we have already begun
to explore include: “How can we understand interactivity in gafme$fow is gameplay
regulated over the progress of a game?”, and “What roles does space play wits?'ga

In summary, we present an ontology in which we identify abstlactemts capturing a range of
concrete designs. Our ontology allows for generalizations athssange of concrete design
choices as embodied in specific games. Its primary functido serve as a framework for
exploring research questions related to games and gamep#sg tontributes to a vocabulary
for describing, analyzing and critiquing games.

THEORETICAL BACKGROUND AND METHOD

The purpose of the Game Ontology Project is to categorize thiegse® in games. More
specifically, it defines and classifies the things essettdi#the “gameness” of games. We have
consciously chosen to focus on things that cause, effect anel teelghmeplay in order to help
characterize and classify the design space of games.

The traditional Aristotelian view of classification was basedtlom notion of similarity or
resemblance. Categories were, according to George Laks$irfaed to be abstract containers,
with things either inside or outside the category. Things were asktobe in the same category
if and only if they had certain properties in common. And the propdheshad in common



were taken as defining the category.”[19] Research in cegrscience has shown that the
classical view is insufficient and sometimes incorfdebr many concepts there is no such list of
properties that supports a binary category membership function. Mameran be highly
dependent on context and culture.

Prototype theory provides an alternative to traditional classifin. While a comprehensive
review of prototype theory is beyond the scope of this paper, wedhglsiome key concepts
borrowed from prototype theory, explaining how they are useful in therggm of the
ontology. Unless otherwise noted, the key concepts are taken from [19].

1. Cognitive economy: categories must be both specific enough tatreille essential
information and general enough not to overwhelm with irrelevancies.

2. Centrality: Some members of a category may be betten@ra of that category than
others.

3. Membership gradience: Some categories may have degrees terséip and no clear
boundaries.

4. Centrality gradience: Members (or subcategories) of a @atepay be more or less
central

5. Reference point, or “metonymic”, reasoning: Part of a cate@fbgt is, a member or
subcategory) can stand for the whole category in certain reasoning peocess

6. Basic Level categorization: Categories are organized hiecaily. Additionally, they
are organized so that cognitively basic categories are in tidlenof a general-to-
specific hierarchy [13].

Rosch et. al [22] claim that the process of categorizationimipled and depends on the
attributes of what is perceived as well as the charactsristithe perceptual apparatus itself. In
other words, we can only categorize on the basis of what weipe and, all things being equal,
that which is more easily perceived will be of greater sSicgiice to the categorization process
[15]. This is relevant since the majority of the analysegdd#ogames that inform our ontology
are black-box analyses. We do not necessarily presume to havesaiey knowledge of the
game designer’'s ideas or intentions, how the game was implementeden the internal
functioning of a game; our ontology is primarily based on that wkiehcan perceive or
experience as players.

According to the concepts of cognitive economy and basic levelaratation, the mid-level
elements of our ontology are presumably the most easily identifsitde they are observed
over a broad range of games. If we observe something intgra@stuery few games, it is either
too specialized to belong, or should be in the lowest (most specific) part of the ontology

! For example, robins are more representative otétegory “bird” than ostriches. This contradicts ttassical
view in which each member of a category is jusg@sd an example as any other.



Many parts of the ontology have fuzzy boundaries regarding wdraeg exemplify them (or
have aspects that exemplify them). In general, we have tried ¢ob#eexamples that could be
considered central on account of how well known the game is or howyclosehtches the
definition of the ontological element. We also recognize that thereggames whose use as an
example deviates from the central or ideal with respect tootitelogical definition. These
examples are important because they help define the centlee chtegory, and illustrate the
nuances and interpretations an ontological definition may have. Thisyisve have developed
the idea of “strong” and “weak” examples to account for the methnipe@nd centrality
gradience we observe when applying the ontology to specific games.

While prototype theory describes the theoretical foundations that suppoontology, it does
not explain how the ontology is generated. Our methodological approach borrows from drounde
theory [12]; the elements and structure of our ontology are inductdehgloped from data
gathered in the real world., including field notes of sessions afepgkying activities,
observations of other people playing games and documentation askadthtgames (manuals,
reviews, screenshots, etc.) We make use of theoretical sanaplihgomparisons, in order to
verify whether our ontology remains grounded in real games as oppo$&intp generated
abstractly. These additional observations help identify new abstedegories which can be
instances of the ones observed or generate specific catetjuaichad not been salient from
previous observations. Thus, our method is iterative, adaptive, and organionfbhegy is
constantly adapting to reflect our knowledge and observations.

The ontology is not developed from the top (more abstract) or the bottom (concretecing).spe
Rather, as prototype theory suggests, our ontology grows in a middiasbidn- the obvious
(most readily observable) categories tend to exist in the mididie ontology. As we refine and
revisit them, we discover both more abstract and more specific concepts.

THE ONTOLOGY

This section describes some general characteristics antustro€the ontology. It describes the
highest level of the ontology in detail as well as some of l#m@ents directly beneath them. It
also explains what has been purposefully excluded from the ontology @ridgsran example
of a particular entry in the ontology.

Our ontology abstracts away the representational details of gdesemes of setting (e.qg.
medieval castle, spaceship), genre (e.g. horror, sci-fi), and t&adgng of representations from
other media (e.g. player's knowledge of the Star Wars universd)racketed by our analysis.
Because our goal is to characterize the game design spabebracketing is necessary in order
to achieve broad coverage without having to abstractly charactetioes of setting and genre.
Thus, we avoid the Sisyphean task of building an abstract model of the @ffmiman culture.
A deep reading of any one particular game would require an analf/sis representational
conventions, allusions and connotations. Our ontology helps position the moral f@rm
structural elements of the game within the game design ;spt methods and techniques
would be required to unpack representational issues.

The top level of the ontology consists of five elements: interfades, goals, entities, and entity
manipulation. Theinterface is where the player and game meet, the mapping between the
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embodied reactions of the player and the manipulation of game ®ntitiefers to both how the
player interacts with the game and how the game communicatee fatyer. Theules of a
game define and constrain what can or can’t be done in a gaméaytaown the framework, or
model, within which the game shall take place. Rules regulatéetopment of the game and
determine the basic interactions that can take place witligedt [23] for an overview of other
definitions of rules in the context of game§pals are the objectives or conditions that define
success in the gaméntitiesare the objects within the game that the player manages, modifies or
interacts with at some level. This definition is broader than &gaokens” [6] since it also
includes objects that are not controlled by the player. Finatitity manipulatiorencompasses
the alteration of the game made either by the player or-ggnme entities. Entity manipulation
thus refers to the actions or verbs that can be performed by the player arghmeientities.

Each ontology entry consists of a title or name, a descriptitireaglement, a number of strong
and weak examples of games that embody the element, a dareang potentially one or more
child elements, and potentially one or more part elements (elemelated by the part-of
relation). The examples describe how the element is concretiélgd in specific games. As
explained previously, we include both strong and weak examples; theewamples describe
border cases of games that partially reify the elementpa@hent/child relationship captures the
notion of subtype (subset); child elements are more specific orabped concepts than the
parent element. Finally, the part-of relation captures the noti@orapound elements that are
constructed out of other elements (parts). Table 1 shows an exafvgl®id-level entry from
the ontology.

Table 1: Example Ontology Entry - "To Own"

Name To Own

Parent Entity Manipulation

Children To Capture, To Possess, To Exchange

Description Entities can own other game entities. Ownershipsdog carry any inherent meaning, other

than the fact that one entity is tied to anothdrai@es in ownership can not be initiated by |the
owned entity. Ownership can change the attributeabdities of either the owned or owning
entity. Ownership can be used to measure perforeagither positive or negative. Ownersnxip
is never permanent; the possibility of losing ovehgw separates ownership from an inherent
attribute or ability of an entity. Ownership of antity can change in variety of ways, including

voluntary and involuntary changes of ownership.

It is important to note the difference between awnian entity, and using an entity. Hor
example, inSuper Mario Bros when Mario collides with a mushroom, the mushromm
immediately used and removed from the game worlarid/never owns the mushroom.

Strong Example | In Super Mario WorldMario can collect mushrooms (or fire flowers oatfeers) to use later.
Mario owns these entities and can make use of tatm

Weak Example | In Ico, the player character must protect a girl callestdd. While the player only directly
controls Ico, his actions are very closely tiedeaading, guiding and protecting Yorda. One
could argue that Ico, in effect, owns Yorda becafgbe way they are tied to each other.




Interface

The interface provides the means by which the player expesiegheegame and takes action
within the game. The presentation provides the sensory experietice game, input devices
provide a mechanism for the player to choose between physicalhymdisable signals, and the
input method maps the signal selected via the input device onto a gdioe gntity
manipulation).

Since our ontology abstracts the representational details aésgahe presentation hierarchy
focuses on presentation as it directly serves gameplay, th#tmeon a cultural analysis of issues
such as setting, tone, or genre. For example, in analyzing a galmas&rim Fandangerather
than exploring the game’s excellent use of film noir and ar désuals or the rich flavor that
those visuals and the game’s voice acting and music provide, wadrietis on the functional
aspects of how presentation influences gameplay. Presentation saofsigtree parts: the
cardinality of the game world, the presentation hardware and thenpaen software. The
cardinality of the game world can be distinct from the cardinality of theegkay; see “The Role
of Space in Games” in the Discussion section below. The presentatidware describes the
physical details of the visual, audio and haptic displays used gathe, while the presentation
software describes how the games state is communicateddnsoéthe hardware. Entries in
the presentation software hierarchy include point of view, categimns of the information
displayed in heads-up displays, and categorizations of types of gamesthtadk.

An input device is a piece of hardware used to gather input frenugér. This includes such

items as joysticks, joypads, game paddles, fishing controllgit, guns, pushbuttons, pedals,
electrosensitive mats, mice, and other devices through which pkgredtsnessages to the game
software.

Input devices differ from input methods in that the devices translaiman action (typically
motion) into electronic messages (physically discriminable Epméich are then accepted and
interpreted by the game software. Together, the input devicenantl method translate the
physical actions of the player into a game action (entity maatipn). See “How Can We
Understand Interactivity in Games?” in the Discussion section bfdow description of this
mapping process. Input devices and methods have changed significantlithe@vastory of
electronic games, typically following a trajectory of in@ieg bandwidth at the device level and
more sophisticated handling of that input at the software level.eWglse advances have often
appeared in parallel, we have chosen to keep the hardware anarsdéyers of input handling
distinct in the ontology since they can vary independently from dargame. That is, one can
vary the hardware device from which a game receives input withteringl the game’s
interpretation of that input.

Rules

In the context of our ontology, the rules and constraints of a game adfiat can or cannot be
done in a game. They lay down the framework, or model, within whielgame takes place.
Rules regulate the development of the game and determine tbhdrbasactions that can take
place within it. [25] We note that rules should not be considered stafixed; in some games,
the rules can change as you play.



We define two types of rules: gameplay and gameworld rules. Gaidevubes define the
virtual world where the game takes place, while gameplay milesse rules and constraints on
top of the gameworld. An example of a gameworld rule is “grayitnsupported objects tend
to fall); an example of a gameplay rule is that the playsrtinee “lives” (the game ends when
the player has been killed three times). We will explore sspeeific gameplay rules in the
discussion section.

The distinction between gameplay and gameworld helps us to unddistagifference between
“abstract” and “simulator” games. In abstract games, most, if not ailkee are gameplay rules.
A simulator game, on the other hand, may rely almost entirelh@®mgameworld to frame the
game, making use of few, if any gameplay rules.

Games which make use of the same physics and graphics énsfilaes many of the same
gameworld rules. The differences between the games are duariprito differences in
gameplay rules.

Additionally, we needed to account for emergent situations theg the result of many rules
together, without having to resort to a list of the particularsrtf@t caused these emergent
situations; we called these, rules synergies. Examples of sutesgies include economies of
scale as well as transitive and intransitive relationshipas;Tthe rules section of the ontology
has three main branches: gameplay rules, gameworld rules and rules synergie

Goals

The goals section of the ontology accounts for the in-game objectivesnditions that the
player must meet in order to succeed at the game. Thegealsedefined by the game, though
they may or may not be explicitly communicated to the playeiagt, in the eyes of the player,
they may not even be defined.

When analyzing a game, we discover goals with different levejsamiularity. For all games the

highest level goal may be win the game or play as welbasible. However, in order to achieve
that goal the player may have to find a key or defeat a mongials @ust be considered at the
level in which they affect the decisions the player is makimgneésgoals may be short-term
(cross the room) while others may be long-term. (solve the mystery).

We consciously decided not to enumerate all the specific goalsiaoiy seen in videogames.
In the first place, we could never hope to cover all the spegdals; specially those that are
narrative in nature (save the princess, save the universe, etce).iffmortantly, there exists a
one-to-one correspondence between goals and entity manipulations Hessurprising, since
entity manipulation is the means by which players perform actiotise game, as a means of
achieving goals. For example, if the goal is to reach thenhfime, then the player will traverse
the gameworld (traversal is in the entity manipulation hiesgrchiherefore, goals that are
equivalent to actions, usually the lowest level of goals, are nbidext in this part of the
ontology.

% Such as the Quake, Unreal for graphics and HavogHysics.



Some goals are explicitly player-defined. For example, apgkyingSim Citymay decide to
build a representation of the city she lives in. Another player deaide that he wants to play
Quakewithout using any weapon other than the shotgun. Goals that plajferaose on their
game-playing experience are also not covered in the ontology either.

Finally, though they are not goals per se, we account for how garakste and provide player
feedback with regard to the degree of goal success. Thus, thegynaddo has a branch dealing
with goal metrics such as score, success level, etc. The ggdion of the ontology has three
main branches: agent goals, game goals, and goal metrics.

Entities

Entities are the objects that make up the reality of the geord (e.g. agents, walls, power ups,
etc.). The entity hierarchy is currently the least develogetion of our ontology. This may
appear strange, since identifying the objects that composewarits seems like a logical first
step in an ontological analysis. However, in keeping with our focus memay, we initially
focused on the actions (entity manipulation) that the player carirtake game world. Entities
tend to be defined implicitly by entity manipulations. While wetaialy intend to make the
entity hierarchy explicit in the future, our current implicit idéfon of entities via entity
manipulation has not been an impediment to our work.

Entity Manipulation

Game world objects (entities) posses a set of attributgsvi@ocity, damage, owner, etc.) and a
set of abilities (e.g. jump, fly, etc.). Entity manipulation cass altering the attributes or
abilities of game world entities.

Abilities are the “verbs” of entities, that is, the actiond #ratities are able to perform. Static
entities have no abilities. They usually serve as obstaclefrpiat(in games with gravity), or
items/collectables. Dynamic entities possess abilities. itilsil can be gained permanently
(gaining the speed boost 8uper Metroigl or temporarily (eating a super pellet gi\easc-man
the ability to eat ghosts).

Attributes are the “adjectives” of entities, and are altesedhilities. For example, the ability to
move changes an entity’s location attribute. The ability to vased changes the velocity
attribute. Attributes can also be altered permanently (chgngharacter statistics in a role
playing game) or temporarily (receiving a power up that chsrtbe power of a character’s
punch for a short period of time). Abilities can also alter thestemce of an entity (can
instantiate or destroy an entity).

There are cases where the line between ability and attribdtezzy. For example, idelda:
Wind Waker when Link gains the bow, he now has the ability to attack fronstartie. One
could argue that one of Link’s attributes has been changed sosthgtthe “attack” verb now
does it at a distance. Contrarily, one could argue that Link nowhkbaseiv ability “To Attack
from a Distance”. To distinguish between abilities and attributesases like this, we use the
following heuristic: if the attribute/ability is utilized tugh an explicit player choice, then it is
an ability; otherwise, if it occurs automatically, without arplext player decision, it is an
attribute. So, in our example, we would say that the bow bestows ahbilkyy to Link, as the



player must explicitly choose to use the bow during an attack im todee able to attack at a
distance.

Abstract examples of entity manipulation in our ontology include ©dide, To Create, To
Own, and Compound Action (actions composed of several atomic actions).

DISCUSSION

This section of the paper illustrates how the GOP provides awrarkdor reasoning, exploring

and discussing issues in game studies. We present three shorsidissuslated to research
guestions we have explored. Space constraints prevent us from fudhyinfeout each

discussion; their purpose is illustrative of the ontological approattter than an attempt at
providing fully developed answers to these questions.

How can we understand interactivity in games?

It is commonly noted that interactivity is one of the centralrattaristics of games [7, 21].
Focusing on the player input side of interactivity, our ontology help® wsmderstand what it
means for a player to perform actions in a game.

anipu ation
Player - = | Manipulation
Evice Manipulation E—
Method Manipulation
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Input Input Locus of [Si"'*;l'E ] Eﬂ"'—'!ﬁplﬂ
R . Entity Entity
Method |Manipulation

Figure 1: The Input Path of Interactivity

If a person is playing a game on his computer using a mouse andaakeyis this any different
from, say, a player using a gamepad? It depends on the game.nf®rgames, thénput
Device that is used is a greater mediator or factor in interagtitian othersinput Devices
translate human action (typically motion) into electronic messadech are then accepted and
interpreted by the game software (In@ut Method). So understanding the effect of different
input devices requires understanding the relationship betwednpteDevice and thelnput

3 For the mini-discussions, words in bold text cqoegl to actual elements that are part of the Gamel@yy.
Their definitions can be found online at http://ggtech.edu/gamedesign/



Method. Consider for example a discussion of the reasonshdig’'s” novel Input Method
allowed it to succeed while being hampered byrgrut Device (a gamepad) which lacked the
affordances that a mouse and keyboard have towards traditiostapdirson shooter games
(aiming in FPS games is generally considered much easier to do with e thaas gamepad) .

We have unpacked the term “input” past the level of the particulaceke@nd can start to ask
guestions related to what is actually being manipulated in a gachbow. Whildnput devices
constitute how user input gets translated into electronic signalst Methods are the manner
in which the game software interprets those electronic messarherefore, is a player
manipulating several entities in a game or only one (e.g. neultipits in an RTS game vs. an
individual character in a platformer)? This is theeus of Manipulation. Additionally, there are
games where the manipulation is mapped directly to the input d&dcexample, if a player
controls a spaceship and presses the “left” button on the conttbkespace ship moves left.
This form ofDirect Manipulation is very different from théndirect Manipulation presentin a
game where the player selects the actions he wants hés &wvgerform from a menu, such as in
the battles of th&inal Fantasyseries. So, thBlanipulation Method (direct/indirect) as well as
the Locus of Manipulation play central roles in defining the interactivity of a game= ¥duld
also delve deeper and explore the relationships between thempairticular game. Are some
entities controlled directly while others are controlled indiyectWhat particular forms of
Indirect Manipulation are there and what are their particular affordances?

This mini-analysis mirrors the overall hierarchy of thput branch of the game ontology (under
Interface). Asking more questions led us to explore deeper (more spemafits of the ontology.
Each level of “depth” poses its own questions, while the overalitsite situates the discussion
relative to other design issues.

The Role(s) of Space in Games

Space is a complicated issue to discuss in the context of videmgaare of the difficulty lies in
the fact that there are multiple views of space within megdhat, while related, are not
necessarily equal. The broadest way of discussing spacehis latvel of representation. If one
considers only what can be seen on the screen, what are theetstieg of that space? Is the
representation two-dimensional or three-dimensional? How is thatsesgation achieved?
These aspects are part of theesentationand are perceived by the player from a particular
Point of View.

Most games convey a notion of place to the player, which weheatiameworld. However, we
often find games where tHeoint of View describes a space that is different from what the
representation suggests. For example, maybe all the charctbes game are rendered in a
style that makes them appear as three dimensional objects buintlieact in two dimensional
ways, as is the case @uper Smash Bros Meleén this case theCardinality of the
Gameworlds’ space is different from the represented space. Additionally, congidg options

of navigation or movement the player has within the gameworldhdsCardinality of

* Halo is a first person shooter game originally for Mgoft Xbox.Halo, and its sequeHalo 2, are the most
successful games for Xbox in terms of sales anigwnesv
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Gameplay, the space the player can effectively act in, different fioah of gameworld and the

representation? So there are potentially three different leivedsieh one could discuss issues of
spatiality in games (see Figure 2). They are interrelated possibly share the same
characteristics, but a comparative analysis of various gamwetd have to take them into

account.

Representation

A

Gameworld

A
Gameplay

Figure 2. Levels of Spatiality in Games

Consider an example using a familiar game sucls@ece Invadersbut with a twist. Let's
imagine that the invaders are not flat two dimensional spritesathér are beautifully rendered
in 3D. At the representational level, we could argue that thisoveo$ Space Invaderis 3D. On
another level, we observe what is happening in the game. The invaalets across the screen
from left to right and also, down towards the player. All thetroms occur in a two dimensional
plane.Space Invaderfias aTwo Dimensional Gameworld The player, however, can only
move his spaceship from side to side. The space of movement f@layer is only one
dimensional. Thus, we say tHapace InvadereasOne Dimensional Gameplay

This mini-discussion shows how different parts of the game ontolgte to each other, in this
case, elements under the top leReiles and Presentation hierarchies. Interested readers are
invited to [11] for further discussion of these issues.

Regulation of Gameplay Over Time

“Level”, Wave” and “Checkpoint” are all common terms used to dessideogames. What do
the terms really mean and what role do they play in a g&une®2xploration of such a question
led us to discover that all three terms are related to efhen in unanticipated ways. Levels,
waves and checkpoints are ways of breaking down gameplay inteegstallter elements. In
other words, they are each a formSgigmentation of Gameplay

Segmentation of Gameplays a more abstract concept tHaavel or Wave, thus it lies higher in

the ontology. As we explored more games, we not only found new fornsegrhenting
gameplay, but also realized that they could be organized accoodihg general way in which
they were applied. For example, some forms of segmentationspatil in nature since they
affected the gameworld, while others applied to time. Figurdddvs how the concept of
segmentation has evolved and grown within the ontology. As of thiswgyrtine sub-hierarchy
underSegmentation of Gameplajhas more than twelve elements (not pictured in Figure 3). For
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an in-depth discussion of the concept of segmentation of gameplaysraesl@rvited to refer to
[24].

Level ( Segmentation of Gameplay) ( Segmentation of Gameplay)

Wave N >
Checkpoint
Challenge

Level, Wave, Checkpoint Level, Checkpoint

Wave, Puzzle

Figure 3: Part of the evolution of Segmentation of Gamepléhiwthe ontology

The purpose of this mini-discussion is to illustrate how the prockEggnerating the game
ontology is situated in the context of concrete examples. We migbasize that the ontology is
not only growing constantly but also changing and adapting as weediger into specific
gameplay-related issues.

CONCLUSIONS

Our ontology, currently consisting of more than 150 elements, is a@sgnéd to inform and
guide the analysis of games as well as provide a framewotkd discussion and exploration of
game design space. The future development of the ontology willlmg#used around specific
guestions such as those described in the Discussion section above.
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