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Abstract

The objective of the study was to determine whether the virtual economy of
World of Warcraft in fact behaves like a real world economy, whether it is a
competitive free market approaching the ideal of perfect competition, and if so,
whether it constitutes a suitable platform for further economic research. What makes
this research feasibleis that World of War craft exists on hundreds of servers, each of
which is a replica of the same world, but with its own unique player population
varying in size and experience level. The research makes the following three
predictions about how the economy of World of Warcraft would behave if in fact it
wer e perfectly competitive. The predictions are:

1) Serverswith larger populations will yield greater price stability;

2) Serverswith a higher concentration of players of a given experience level will
yield higher prices for the goods most in demand by that set of players, and,;

3) Arbitrage exists only to a very minor extent across all server economies.

Data was collected detailing the prices at which selected virtual goods were
sold in World of Warcraft auction houses, over a period of thirty days. Using
statistical methods, the predictions were tested against the data drawn from
economic interactions within the game. The research concludes that the virtual
economy of the World of Warcraft in most respects behaves like a highly competitive
real world market, and in fact approaches the ideal of perfect competition.

Keywords: economy; perfect competition; MMORPG; World of Waait.
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World of Warcraft: The Viability of Massively Multiplayer Online Role-Playing

Games as Platforms for Modeling and Evaluating Perfect Competition
By Eli Kosminsky, Massachusetts Institute of Tedbgyg

As the world begins to pull out of a deep recessighich for a time threatened to
collapse into a second Great Depression, the fudtithe global economy remains uncertain.
Unstable prices in the real estate, oil, and stoekket, frozen credit, and the perilous state of
major financial institutions already have led te #pending of hundreds of billions of taxpayer
dollars by the federal government in an attempgtéwve off financial collapse (Creamer, 2008).
Essentially, this situation of economic turmoil h&sulted in a high degree of government
intervention in the economy, with further involveménighly likely. For better or worse, this
interaction is moving the American economy evethfar away from the ideal of a free market,
in which the price of goods is determined solelycoypsumers through the processes of supply
and demand (O'Sullivan, 2007). In any modern esoncuch factors as taxation, regulation,
government spending and other forms of market vetgion suppress free markets. As these
factors increase in the U.S. and likely the otheveloped economies as a result of the current
economic situation, it will become increasinglyfidilt to find ways to research pure—or close to
pure—free market interactions. This paper will dasimte that virtual economies, in particular
the virtual economy of the Massively Multiplayer lDe Role Playing Game (MMORPG)
World of Warcraft, are promising platforms for econic research of free markets.

In a free market economy, where the prices of goamdsdetermined by buyers and
sellers, a spectrum of possible competitive int@vas arises, ranging from one-firm monopolies
at one end of the spectrum, to perfect competiéibthe other end. A perfectly competitive
market assumes the following: a large volume ofebsiyand sellers, perfect communication,
homogenous goods, and no barriers to market e@t§uflivan, 2007). These conditions result
in the lowest sustainable price for a given good.

Perhaps the most important factor in such an ecgnsithe existence of large volume
of buyers and sellers. The assumption is that buyers will behave inasoaable manner, buying
from a seller whose goods are priced the lowestmgthat all goods are of comparable quality.
Therefore, in order to make a sale, a seller megiffering a good for a price less than or equal
to every other price on the market at the timedale is made. The more sellers that exist in a
market, the more sellers there are that need tondercut, which drives down prices. A high
volume of buyers must accompany this populationseifers in order to provide adequate
demand. Additionally, a large volume of sellerséxessary for perfectly competitive low prices
because small populations of sellers are able twdawate with one another and collectively
increase prices. However, if the population is dargnough, this coordination becomes
impossible. The next factor attributing to perfecmpetition isperfect communication. This
means that all buyers and sellers in a market kalbwf the prices at which a good is available.
This results in efficient undercutting by compatit@nd ensures that consumers always buy the
lowest priced good. Additionally, perfectly compie markets must havlhomogenous, or
identical, goods. For this condition to be met, all companies nprstduce the exact same good
so that no one good is more desirable than ano#ethis situation would allow the more
desirable good to command higher prices. Finallgedectly competitive market must hane
barriers to market entry. This means that sellers are free to move fromioteastry to another at

4



Journal of Virtual Worlds Research®OW Modeling Perfect Competition

no cost. Common barriers to market entry include ¢bst of new machinery and the cost of
acquiring new knowledge to produce a new good. &hlearriers to entry prevent new
competitors from entering a particularly profitalharket, as the change might be too costly in
terms of time and capital. This decreases the numbsellers in a profitable industry, which
allows the existing firms in the industry to changélated prices. However, if no barriers to
market entry exist, then when one industry becopaasicularly profitable due to increased
demand for whatever reason, no company will be &biecrease its profits, as more sellers will
quickly enter the market. This influx of sellerdara popular market makes abnormally high
profit impossible and keeps prices as low as can be

Perfectly competitive markets are the simplestsom® they are completely unregulated
by government (O’Sullivan, 2007). Given the lackaoinfounding variables such as taxes or
guotas, perfectly competitive economies are appgat study; they are even more important to
understand given that fundamental economic concspth as supply and demand, are assumed,
in their most pure form, to operate under perfechgetition. Absolutely perfect competition is
not fully embodied in any current economy, althosgme markets come close. Nearly perfectly
competitive markets include online auction sitechswas eBay and agricultural markets
(O'Sullivan, 2007). While each of these real-waréses matches the assumptions of a perfectly
competitive economy in most ways, they break dowmther, key areas. For example, eBay
offers many homogenous goods and perfectly comratesdts prices among users. However, if
a certain good becomes profitable, sellers may dédfieulty acquiring it and selling it, resulting
in a barrier to market entry that drives pricesAigimilar problem exists in agricultural markets.
While agricultural producers, for example tomatovgers, may provide products that are nearly
identical, and although there are a large numbefaohs supplying them, it is difficult for
farmers of other produce to enter the tomato mamketswitching over to tomato production
would involve the time and investment of growingeantirely different crop. (O'Sullivan, 2007).

Since real-world markets all stray frorgs
perfect competition in some way, it becomEEs
necessary to search other worlds for such examgg
While this prospect may sound impossible, thg
“other worlds” can be found very simply: they exifla
online in the form ofirtual worlds (see Figure 1). A
virtual world is an environment that is createdimal
and is accessible to people in a variety of locatio
These worlds depict real-world players with a \attu
visual character known as an “avatar,” which exi
within the graphically presented virtual worlg

Additionally, these worlds are persistent, meanin
that even after a player exits, the world contintges

exist and is accessible by other players. Furthesmo
such worlds are evolving, so players have an effacthe content of the environment. Virtual

worlds also are social places, meaning that treeehigh degree of interaction among players.
Many of these interactions are economic interasti@and most, if not all virtual worlds have

some form of economy among the players (Castror@?).

lgigure 1 EverQuest: An early virtual world
Source:Sony Online Entertainme

One virtual world that has become a popular stageesearch is Second Life, which was
released in 2003. Second Life is less a game thena social environment in which players,
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represented by completely customizable in-gameaciens, gather to interact and obtain virtual
goods, such as clothing and other objects. Secdrchbsts economic exchanges through which
a virtual currency known as Linden dollars can kehanged for real U.S. dollars. Although the
exchange rate between the virtual dollars of Seddafedand real, US dollars, varies somewhat
with supply and demand, the cost of a Linden da#idixed within a range against the US dollar
to prevent hyperinflation (Svensson, 2007).

Another type of virtual world that exists i
known as a Massively Multiplayer Online Role
Playing Game, or MMORPG. These games are |I§
socially oriented and more achievement orienté
Here, large numbers of players work with ang
against one another in an effort to create the
powerful avatar possible. The most popul
MMORPG to date is World of Warcraft, or Wo
with over 10 million subscribers worldwide
(Blizzard Entertainment, 2008, see Figure 2). He}
a player’s power is measured on three major sca
The first of these is the virtual “wealth” of th :
player, which is measured by the in-game currencygure 2 Dozens of WoW players gathered
known as “gold.” Gold can be obtained througf9etheronine.
trade with other players, or by Kkilling virtual '
enemies, or “monsters,” which are programmed tabehn certain ways and are not controlled
by other players. When a monster is killed, it g&ehot only gold, but also a type of currency
known as “experience,” which is the second way imcl a players’ power is measured. A
player's experience points are cumulative and ndeerease. As a player reaches various fixed
numbers of experience points, he or she acquidit@uhl “experience levels,” or simply levels,
which are visible to all players. At the time ofstlstudy, these ranged from one to a maximum of
70. In general, as one gains levels of experienealth (as measured in gold) increases as well.
The third and final way in which the strength gblayer is measured is by the “power” of his or
her equipment. Avatars in World of Warcraft areipgad with a full set of armor and a variety
of weapons, all of which must be constantly upgdatte increase the overall strength of the
player. Enemies or monsters that are killed byayqnl all yield
a fixed probability of “dropping” one of these pa&sc of
equipment, or of dropping a particular “ingredietitat could
be used to create one of these items. These irgrtsdior
materials, such as cloth or iron, can be turned armor or
weapons by players with the right skills. Everynsier within
WoW can only drop a pre-set group of items upouésth, and
each one of these items has a pre-set chance ppidg
Through the use of external tracking websites swash
Thottbot.com, players are able to learn both ofehstatistics
for every creature within the game. It is therefpossible for a e
player to travel to a specific area within the waitworld to try
to obtain a specific good needed to create a spguice of
equipment, which will in turn increase his or hawer. For Figure 3 A tree-like “Treant’
example, in order to obtain wood to create a maeepful monster from the woods of WoW
shield, a player could travel to a forest in ameffo kill “tree- ~ Source: Blizzard Entertainment
spirits” (see Figure 3).
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Although World of Warcraft players are constantlympeting with one another for
wealth and power, it is not technologically possitd host each of the over ten million players of
World of Warcraft in one place at a given time.drler to prevent overcrowding, players on
World of Warcraft must be split up in some way kattthey are not all in one location at a time.
WoW players, therefore, are divided among approteige200 servers, each of which functions
like its own separate world that cannot contacep#ervers. A given player must enter the same
server every time he or she logs on to the ganus, giving each server a unique and relatively
stable population. The game designates a servdraamg a “low,” “medium,” or “high”
population. When they first log on under a partéciwdccount (some players may have more than
one account) players are asked to make an ingeiktbn about which population size server to
play on. Higher population servers can be desiralilen one wants to find other avatars to play
with, but since the servers are more crowded, timepetition for goods “dropped” by monsters
is fiercer. Servers also vary in the dates sincéchvithey have been in use, and the level
distribution of players on them. However, thesedae not transparent to the player and must be
obtained on outside websites. As will be seenptlihese factors may come into play when
analyzing price stability and price determinatioithim the economy of WoW.

Within each server, instances Qs
economic interactions are  constantic .
occurring. The majority of thesg % —
interactions take place through an in-garg@e
auction house where players post goods [§
sale which they have obtained by Kkillinjgs
monsters or from other players. Goods
sold for “gold” (see Figure 4). When #&
good is won by a bid or immediate buyoUjis s
a virtual payment is made in gold to thies ke
player who is selling the desired goodFigure 4 Activity in the WoW auction house
Interestingly enough, the market of WoWSource: Blizzard Entertainme
has advanced to the point where gold has takenvaiua that transcends that of a simple virtual
object. Many companies make it their business tassmas much of this virtual capital as
possible and sell it to players for real-world mpii€astronova, 2002), despite the fact that this
practice breaks an agreement that all players madte upon entering the game (Blizzard
Entertainment, 2007). In any case, virtual WorldAddrcraft gold has developed into a pseudo-
currency with a general exchange rate to the d@Qastronova, 2002). Thus, the currency of a
virtual game has taken on realistic characteristitsout any direct exchange rate being set up
by Blizzard, the producer of the game.

201 Wool Cloth

1@ Q@ 728

4 (@ (@

Wool Cloth

An initial look at WoW'’s virtual auction house wlduindicate that it demonstrates to
some degree all of the aspects of a perfectly ctitiyee or nearly perfectly competitive, market.
Again, these four assumptions are: the existenca ¢drge volume of buyers and sellers,
identical products, perfect communication, and agibrs to market entry. To begin with, all of
the goods in a particular market in World of Waftceae entirely homogenous in a way that no
real-world goods can be: that is, they all are rgmult of the exact same coding and function
identically. For example, one silk shirt is exacthe same as another silk shirt in World of
Warcraft because it is composed of the same cotlereas real-world silk shirts may vary
slightly from one another due to mechanical or hmmaperfections in manufacturing.
Additionally, there is seemingly perfect communicatamong players, as the auction houses,
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where most trades take place, list every availgbiee for a good in question and are easily
accessible by all players (Yee, 2006). Due to ldtige number of subscribers of World of
Warcraft, there is certainly a large populationboth buyers and sellers, particularly because
each player must act both as a firm and as a carsumorder to acquire gold to buy things, and
to spend gold to obtain goods that are necessatgutwive” in the game. Finally, there are
minimal barriers to market entry for the majorifycommon goods in World of Warcraft. Many
goods that are commonly traded and sold are oldtasmaply by slaying a virtual creature
through the use of a player's avatar. These masted their withheld goods are normally
available in a number of different locations and aalatively abundant. This makes the process
of entering new markets simple and inexpensivellas @aracter must do to change markets is
kill a different type of monster. The only real toss/olved here is the minor amount of time lost
when an avatar travels from one location to another

Although World of Warcraft may demonstrate mangeats of perfect competition, it is
unknown how close the WoW economy comes to thel.id@ae of the best quantitative
indicators that an economy is perfectly competitsvéhat the prices of its goods remain stable.
This is because individual sellers in the marketndd have enough power to raise or lower
prices, and the number of sellers is so largedbBtiding to raise prices is impossible; prices do
not change very often as a result. It has been dstrated that many of the commodities within
World of Warcraft generally do maintain highly d&lprices, suggesting a high degree of
competition (Korth, 2006). However, given the urdgquopulations and levels of relative wealth
on each server, the degrees of price stability @mdpetition could vary from one server to
another. That is, servers with higher populatidmsutd demonstrate greater price stability than
lower population servers. In real-world marketsgéas numbers of firms create a higher degree
of competition (Janssen, 2001). This is becausettiens of a small group of people are less
predictable and more susceptible to chance thasethaf large numbers of people. This
assumption should hold true within World of Wartrat well. When there are very few
characters supplying a good, the available amotiat good at a given time should fluctuate
given the random (from the standpoint of the playdrop rates of a given good by the monsters.
However, as the number of suppliers increase,réfmdomness would becomes less relevant as
the “luck” of one player would be balance out blgest, and the good would remain in relatively
stable supply. Therefore, servers with higher pafpoms on World of Warcraft should
demonstrate prices that are more stable, demanstrat higher degree of competition. (see
objective 1 below).

A second quantitative indicator of perfect comjati in WoW would be that where
higher concentrations of players of a particulaeleexist, the prices of the goods used by that
level of player would be higher than on other seswehere lower populations of those players
exist. That is, two servers may have the samestmgar total population, but if one has a larger
relative number of high level players then the goaged by higher level players should
command higher prices. This is because productwels for a good are capped by the number
of monsters dropping that item. Since supply resa@latively constant and demand increases
on high level-dense servers, prices should rise ¢bgective 2 below).

A final factor that would help determine whetheoNd of Warcraft is an example of a
perfectly competitive market would be the lack ddisiage. Arbitrage occurs when an investor is
able to take advantage of price differences betwswermarkets and turn a profit without risking
the loss of any money. Arbitrage exists when aofastich as lack of perfect communication, or
government regulation, interferes with economiadetions. A simple example of arbitrage in
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the real-world would be found in currency exchangges that are not equivalent. If one were
able to buy a currency in one country for a lowecethan it was being sold in another, then
arbitrage would exist. If WoW is perfectly compett, the possibility of arbitrage should not
exist. This could be demonstrated through freelyvedtible goods, such as “Planar Essences,”
which are used to enhance pieces of equipment. \Woyld of Warcraft character is able to
convert three Lesser Planar Essences into onedsfelainar Essence, and reverse the process. If
WoW is a perfectly competitive market, the priceook Lesser Planar Essence would be exactly
one-third that of a Greater Planar Essence (sexig 3 below).

Research Objectives

The objective of this study is to determine whetWoW is a highly competitive free
market approaching perfect competition, and theeefosuitable platform for further economic
research. If WoW is a perfectly or near-perfectbmpetitive market, the following testable
predictions should be true:

1) Servers with larger populations will yield ecames with more stable prices.

2) Servers with a higher concentration of playera igiven level range will yield higher
prices for the goods demanded by the group of pdayequestion.

3) Arbitrage exists only to a very minor extentass all server economies within World
of Warcratft.
Methods

Due to the high degree of interest in various WolfldVarcraft servers from the over ten
million players, there are multiple websites thhatk auction house data for a number of goods.
One such website is wowecon.com. Using the LUAsfigenerated by a program that runs
through World of Warcratft, it is possible to traitle prices of all goods available for purchase
through the auction house on one WoW server ahe. tThe collected information is organized
on the website and includes statistics such asnoedian, and mean prices per good, along with
their standard deviation and volume over a peribdays ranging from one to thirty. In this
study, the prices will be tracked on a commonlygédhconsumable in order to ensure that there
is a consistently large demand for the good théityweld a large number of auction instances
and data points. The consumable focused on insthdy is netherweave cloth, an item used to
craft pieces of armor and bandages. Key pricessitziposted over a thirty day time period were
extracted from wowecon.com for netherweave clotbssmultiple servers of low, medium, and
high population.

In order to collect population data, the websiterdk&tRealms.com is utilized. This
website makes use of another program that runsighr&/oW known as Warcraft CensusPlus
Ul Mod. Essentially, this add-on runs surveys @& fopulations of various servers and records
the level of each player that is logged on at theet Since the add-on is only able to record
snapshots of the population, it is only useful @mtermining relative percentages of player
levels. In this study, data was collected for ptayeith levels ranging from 58 to 70, since
netherweave is obtainable only in areas not noymmalichable by players below level 58 due to
constraints within the game itself. This collecpapulation data is then compared to the median
price of netherweave cloth on the respective sert@idetermine how prices are influenced by
the relative concentration of a given range of ptay
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General price data was collected from a websitay.allakhazam.com, in order to test
for arbitrage. Since arbitrage should have noialahip to individual server characteristics, the
average prices of goods throughout the entire gam@sed as opposed to the prices on a single
server. This provides more numerous, and therefane accurate, data points. The items used
to test for arbitrage are known as Lesser Planaerit® and Greater Planar Essence. Planar
Essences were chosen to test for arbitrage becdubeir interchangeability, as is discussed
above.

Results & Discussion

Objective 1: Test whether servers with higher papaohs yield economies with more stable
prices.

Low Server 2: Medium Server 1:

Low Server 1:

Khaz'goroth Hakkar Trollbane
Table 1.1 Table 1.2 Table 1.3
30-Day Value (Gold)
30-Day Value (Gold) 30-Day Value (Gold) Statistic
Statistic Statistic
Median 16.25 Median 12.00

Median 12.00

Average 12.29

Average 16.21

Average 11.97

Std. Dev. 1.50

Volume 3449

Std. Dev. 1.73

Std. Dev. | 2.09

Volume 2709

Volume 7440

Medium Server 2: High Server 1: High Server 2:
Executus Anvilmar lllidan
Table 1.4 Table 1.5 Table 1.6
30-Day Value (Gold) 30-Day Value (Gold) 30-Day Value (Gold)
Statistic Statistic Statistic
Median 14.33 Median 11.77 Median 17.50
Average 14.30 Average 11.49 Average 17.48
Std. Dev. | 261 Std. Dev. | .92 Std. Dev. | .87
Volume 3009 Volume 2362 Volume 1364

Data retrieved from wowecon.com
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Tables 1.1 through 1.6 show the gathered data Her highly traded consumable
netherweave cloth. Each set of data was colleatetivo examples of low, medium, and high
population servers with information collected orlestst 1000 auctions within the past 30 days.
The results below represent auction data from Sdpe 13, 2008 to October 13, 2008.

The following graph was constructed to analyze ¢metes seen within the standard
deviation data presented above (see Figure 5)d&tdrdeviation is used as a measure of price

stability.

Standard Deviation in Netherweave Cloth Prices
Across Three Server Sizes

2.5

1.5 1
1
0 T T

Low Seners Medium Seners High Seners

Standard Deviation

Server Size

‘DServerllServerZ‘

Figure 5
Data retrieved from wowecon.com

In every case, the two servers of each given tygmeahstrate a relatively similar standard
deviation, with the servers in each pair varyingdmyaverage of 12.9% percent, whereas the
average F-value is 3.76 and yields a p-value lems 1001, meaning that the differences in price
among server types are significant. Additionallgw| population servers (average standard
deviation 1.62) do hold less stable prices tharh hpgpulation servers (average standard
deviation .895). Unexpectedly, however, medium pagoen servers hold less stable prices for
netherweave cloth (average standard deviation 2t28) either low or high population servers.
This inconsistency will be addressed later in sa@stion.

Objective 2: Test whether servers with a higherceatration of players in a given level range
will yield higher prices for the goods demandedHtwy group of players in question.

First, the percentage of players on each servethénlevel range of 58 to 70 was
determined (see Table 2). The percentage of platdevel 70 exactly is listed as well, and the
relevance of this data will be seen later.

Server Size Low Population Medium Population Higipiation
Server Name Khaz'gorothHakkar | Trollbane Executus Anvilmanllidan
Players Level 57.9% 76.6% 63.6% 71.2% 57.5% 79.7%
58 to 70
Players Level 45.6% 58.9% 51.0% 57.4% 44.6% 66.7%
70

Table 2

Data retrieved from WarcraftRealms.com
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These percentages are then compared to netherwsate prices on each of the
respective servers (see Figure 6).

Level Distribution Versus Netherweave Cloth Price
Across Six Servers

90 20
s 1 +18 ¢
E” = 80 1 1a %
F o 70 3
© 414 2 ~
5 60 1 &%
o 5 501 12 2 8
2% +108 G
& T 40 15 22
g% 304 16 5
53 207 14 8
o3 10+ +2 X
0 : : : : 0
N\ < o S
0‘6& \g_'Z} 3 &0 ‘\&0
&Q X &J\o\\ _\_00 ?,Gv
& <
Low Medium High

Server Name and Size

‘- Lewel Data —e— Price Data‘

Figure 6
Here, it can be seen that in each pair of sentbes,one with a higher percentage of
players level 58 to 70-those who have a high denfiandetherweave cloth—also has a higher
price for netherweave cloth. This is what wouldpbedicted.

Another interesting relationship between the paagn of players within the level range
in question and the price of netherweave can ba sden the two are plotted against one
another (see Figure 7).

High Level Player Concentration Versus
Netherweave Cloth Price

< 20

Q

e 151

Q ~

=

3210

S %

C

8 s

o]

s
O T T T T T T
50 55 60 65 70 75 80 85

Percentage of High Level Players (58-70)

Figure 7
A best-fit line has been applied to the line abofig = .0110% — 1.25x +47.27 which
yields an R value of .993. This suggests that, regardless agulation size, an increased

concentration of players in the level range of 8@ results in a predictable increase in the price
of netherweave.
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One question raised by the data is this: If largenbers of players in a given level range
drive up the prices of related goods, it would seerollow that larger population servers would
demonstrate higher prices on the whole, since tieimmum supply of goods is identical across
all servers. However, this tendency is not exhiitathin the data, as can be seen in Figure 6,
where the bars do not progressively increase \eithes size. One possible explanation for this is
that players self-select onto high, medium, or lp@apulation servers. Players selecting high
population servers are choosing to play in morepditive environments. These players enjoy
competing to obtain goods such as netherweave lblotihaying monsters that drop netherweave.
Thus, on high population servers, the level of autg netherweave may well be higher than on
low population servers, even though in principle thaximum level available is the same. On
low population servers, players may opt for anvagtiother than obtaining netherweave cloth,
such as socializing or exploring. This essentifdlyers the production levels, and hence the
supply, on lower population servers. Through thiee overall ratio of supply to population
remains relatively constant, leaving level concadn as the only factor that determines the
price of netherweave cloth, and indeed this is dautt in the data.

Self-selection can also explain why, in the testpate stability, medium population
servers demonstrated the highest degree of pratability. Players who self-select into high
population servers have a high tolerance for coitipet and those who self-select into low
population servers have a low tolerance for cortipati Players who choose a medium
population server, however, may be drawn from lgottups, or are unable to predict the level of
competition that they will be able to handle. There, their tolerance for competition may be
more variable. Some players will look for monsterill to obtain netherweave, and then bring
it to market. Others may choose other activitiestead, creating unstable, less predictable
supply, and hence unstable prices. In the longthese instabilities even out to the point where
actual prices for netherweave cloth are still daeteed solely by level distribution within the
server; prices just happen to be found in a widgean medium population servers around these
predictable, mean values, as withnessed by the hggardard deviations in these cases.

Objective 3: Test whether arbitrage exists onlyatovery minor extent across all server
economies within World of Warcratft.

Auction data was collected on Greater and LesserdPlEssences in order to test for the
existence of arbitrage. Since three Lesser Essameate one Greater Essence, the mean prices
were multiplied or divided by three, respectiveaty,obtain the predicted price of the other good
in question. Error equals the predicted price miaagwial price, and variation is equal to the
absolute value of mean price minus the predicteanmall divided by the mean price (see Table

3).
Planar | Mode Predicted | Mode Mode %| Mean Predicted | Mean Mean %
Essencg Price Mode Error Variation | Price Mean Error Variation
Type
Lesser | 5.00 5.00 0 0% 6.02 5.71 =31 -5.15%
Greater | 15.00 15.00 0 0% 17.12 18.06 +.94 +5.49¢
Table 3

Data retrieved fromvow.allakhazam.com

13



Journal of Virtual Worlds Research®OW Modeling Perfect Competition

When analyzing the mode prices of both goods irstpe, no arbitrage exists at all, as
the price of a Lesser Planar Essence (hereafte)) [PExactly one-third of that of a Greater
Planar Essence (hereafter GPE), as it should benWioking into mean prices, however, there
appears to be a roughly 5% profit to be made bgking GPE’s into their LPE’s. This can be
explained by the fact that characters at level which are most common in the relevant
experience range, are more likely to obtain GPE’shay come from more powerful monsters
(see Table 2). Such players do not bother to bdeakn their Essences, which floods the market
with GPE’s, driving the prices down. It would bepexted that servers with lower concentrations
of level 70 characters would experience less atpérn this market; however, such data was not
available for this study. Regardless of this adgé revealed by mean prices, the fact remains
that the most common exchanges for LPE’s and GBEcsir in a perfect 1:3 ratio, with no
arbitrage, as seen by the mode results (see Table 3

Conclusion

It has been demonstrated that, with certain cay&dorld of Warcraft is an example of a
highly competitive market approaching perfect cotitip&, and a suitable platform for further
economic research. Each of the three conditiondiediu which one would expect to find in a
highly competitive market, are present in the econ®f World of Warcraft: price stability,
prices of goods increasing where higher conceotratof players require that good, and a lack of
arbitrage. The self-selection of players into difg server population sizes is the most likely
explanation for certain observed differences frohawvwould be expected in a perfectly
competitive environment, a supposition that cantdésted through further research. Future
researchers also can avoid self-selection issueanayyzing players within a given server
population size, rather than across the entire Vég@homy as a whole.

Other improvements to the methods used througtiositpaper could also yield more
refined results. Due to the limited amount of amttihouse information published on the
websites used to collect data, only a small nundbeservers could be studied in depth. Data
could be obtained from a greater number of serversking it directly from the game. Auction
house and population data could be collected mway using the Auctioneer and CensusPlus
add-ons, although additional programming would éguired to parse the data. More thorough
population data could be particularly useful, ag throad, qualitative server population
classifications could be replaced with the actuahber of characters on the server in question,
allowing for more involved analysis. In either caBequent scans of the relevant data source at
regular time intervals over several weeks shouldusgcient to provide more significant results.

Further inquiry into the use of World of Warcraft @a means to study perfect competition
seems warranted, given the results of this rese&dithough the methods could be expanded
upon, the fact that the economies of World of Waltcbehave so predictably under the
assumptions we would make about real-world econemmgh similar parameters is an
encouraging one.
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Understanding near-perfectly competitive markets ltave manifold advantages in terms
of understanding real-world economies. New formgechnology are constantly changing the
face of our world, and our markets. To help us cahnend such advanced economies, it is
important to understand their foundation, whicheesiglly is a free, perfectly competitive
market. As such knowledge becomes more relevamtewer, real-world economies provide us
with fewer and fewer examples of such markets. Nsweh real-world examples seem less vital
as we can learn from a virtual one: the World ofrbvéait.
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