
 

 

Abstract 
  An exploration of a dataset consisting of data drawn from the World Of Warcraft in game auction 

house, to explore if inflation has occurred within the virtual environment. The data was gathered 

and compiled for the purpose of trying to answer this question. The write up including the loading, 

cleaning and transformation of data before being loaded into WEKA. Along with detailed steps of 

secondary cleaning that was required for the dataset. Limited analysis was done with many issues 

occurring within WEKA in relation to its programming and the dataset provided. Along with 

suggestions to solutions and alternatives analysis tools. 
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Introduction – What is Data Mining? 
  Data Mining is an analytical process that is used to explore large amounts of data. Typically used in 

Business it is used to look for patterns and potential relationships within the data. The main use of 

data mining is for analysts to take existing and meaningful data and potentially gain new knowledge 

and predict future trends and patterns. (1) 

The steps of Data Mining 
  Data Mining consists of three main steps. Exploring the data, Modelling and validating, and lastly 

Deploying that model on to new data to generate predictions. 

  Exploration of data though is not the first step. Within exploration of the data, the gathering and 

cleaning of data is actually the first step and is the most crucial of all the steps. Unclean data may 

have inaccuracies within it and as a result produce inaccurate models for later prediction. 

  Modelling and validation involves trying to build a model that accurately represents the data you 

are looking to predict. A model maybe built around trying to answer a particular question you have 

about the data. Whilst validation looks at applying that model to other sample or test sets of data 

you may have to try and validate that the model is answering the questions being asked. 

  Lastly deploying the model is the application of the validated model on to new data coming in and 

using it to make accurate predictions of future data. 

Time Series Analysis 
  Time series analysis is a subset of data mining and looks at extrapolating and understanding data 

that has a dimension of time applied to it. Trends within this kind of analysis may have outside 

influences applied to the data, such as day of the week or time of year, as examples. This is a 

particular favourite analysis method of most businesses as it allows for predictions of stock 

requirements at particular times of the year. (2) The only limitation to using Time Series Analysis 

within WEKA is the version. For this analysis WEKA version 3.7.12 was used. 

About the Data 
  The dataset being worked with for this project was a compilation of data from the in-game auction 

house from the popular and long running massively multiplayer game, World of Warcraft (WoW). 

WoW is as stated is an online game with an interesting currency system for purchasing and selling of 

items within the virtual world. With a long standing economy, now passing ten years of operation, 

some interesting effects have occurred to the in-game currency and market place. 

Why is it interesting? 
  Inflation in economics is a sustained increase in the price of goods and services over time. (3) So 

why does inflation occur? As a greatly discussed topic in both the real world economy and the WoW 

economy, no one really knows. There are two main types of inflation Demand-Pull and Cost-Push. 

Cost-Push is where product prices are increased to maintain profit margins. However the far more 

likely issue with WoW is Demand-Pull, this is where there is too much money trying to purchase too 

few goods. As with a game of this nature, money can be obtained through completion of in-game 

tasks, selling items and looting it from other characters or enemies. With too few goods possible to 

purchase but plenty of ways to obtain money rapidly, prices for items are going to increase. 
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  The purpose of this dataset is to try and visualise this inflation and where it is occurring. Along with 

this the data shall try and visualise pricing fluctuations due to time changes. Do prices increase on 

specific days or specific times? 

 

Analysis Outcomes 
  What could someone do with the potential results obtained from this analysis? Primarily it could be 

used to try and target the areas greatly affected by inflation. Although it could also be used by other 

players to increase inflation further. They could target trading, buying and selling of specific items at 

certain specific times. The data could potentially allow for someone to increase their monetary gains 

rapidly. However, at the cost of potentially breaking the economic system entirely if mass amounts 

of this type of trading occurs. Can a dataset bring about economy collapse? 

Where is this data from? 

Primary Data Source 
  The dataset is a compilation of data exported from the WoW in-game auction house. The data is 

collected from a third party website called WoWuction (4). The data has had to of been compiled 

over several weeks as the source website only exports data from the website for the previous 24 

hours. Each table of information from each day contains the item’s unique identifier along with its 

name. Also included is the price average of that item that day in several formats and how many were 

available. This data was also combined with another information source to add the category of item 

to the dataset as well. 

Secondary Data Source 
  The secondary data source comes from Blizzard, WoW’s developing company, public application 

program interface (API) website (5). The site is simply an online resource that allows for third parties 

or individuals to pull data about any of the game’s aspect into either their own websites or down 

into separate databases. This API is primarily how the WoWuction website gathers its information 

about the auction houses. The API could have been used to collect the desired data, however seeing 

as WoWuction was already collecting and presenting the data without a need of a specialised 

application the data was taken from them. The data that was gathered directly using the API was in-

game item data. The three fields that were of interest from within the data were the Item’s ID, Item 

category and the item sub-category. The item ID was used to tie this second data set to the primary 

set. The category and sub-category data allows for the data to be classified into main item groups, 

for example Armour, Consumables, Weapons; with the sub-category allowing for further 

identification. For example in the Armour category there are sub classes of Cloth, Leather, Mail, 

Plate etc. The required level was also pulled out, this indicates the minimum level the player has to 

be to use the item. Most consumable items do not have a required level whilst nearly all armour and 

weapons do. One of the main issues with using the API it turns out there is a limit to the number of 

polls that can be made to API on each day from a single IP address. As a result the data was also 

collected over several days. 

How is the data stored and manipulated 
  The data from the primary source was delivered as a CSV file. Although the data could have been 

processed easily using Microsoft’s Excel package, the data was then imported to a MySQL database. 

This was due to restrictions of handling the data from the secondary source. As the data from the 

secondary source is gathered in a JSON format. An automated program to poll the Blizzard API was 
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built which wrote each requested item to an individual JSON file. Which was later then re-opened 

and had the fields of interest pulled out and written to the MySQL database. The data extracted 

from these JSON files was the Item ID, Category of Item, the Sub-Category and lastly the items 

required level. 

Data Processing and Cleaning 
  Data processing and cleansing is important to any data analytics for making sure that no unclean or 

invalid data makes its way into the analytical tool. Cleaning the data can also be used to refine the 

data, making it easier to build a model of the data. 

Initial Data Issues 
  Immediate issues with the data gathered is with the primary data coming from WoW auction 

house. The main issue is that not every single item sells every day creating missing data. Along with 

that if an item does not sell, but is on the auction house it is still listed in the output data, but with a 

zero value. This produces some issues with how much of the primary data can be analysed. 

Data Processing and Handling 
  To effectively clean the data, as it is stored in several spread sheets (one for each day) the data was 

imported into a single database using a MySQL backend. Getting the data into one location so it can 

be managed is key to more effectively identifying issues with the data. It also allows for faster 

execution of filtering queries and merging multiple sources. Other advantages to using MySQL are 

that fact it is not bound to a particular operating system. In this setup it was run on a server with a 

phpMyAdmin web-based frontend. This allowed for easy access to the data from any machine and 

location regardless of its specification and operating system. The majority of all the data cleaning 

was done on the server before being exported to CSV format. 

Data Filtering 
  The original data from both sources have multiple records with not all being relevant to this 

particular analysis and the questions being asked. Within the primary data source several columns 

that might be relevant to other data analysis were dropped this case. The realm (game server) that 

the data is drawn from is the first, in this case comparing item values over several different realms 

was not being done, this was the first to be dropped. The data and time of each data export is also 

available in the primary data, although the data when being imported to MySQL was being stored in 

tables that were named by the date that the data was collected. Making the data and time 

redundant fields in this case. 

  The quantity of each item passing through the auction house is also listed. The value at which an 

item sold within the data is an average of all that items differing value sold for that day, making the 

quantity field redundant. However it could be used to look for scarcity of items coming through the 

auction house. That particular question is not really a data mining question and more just analytics. 

  The primary also carries some other auto-generated calculations from WoWuction in regards to the 

items value over the past fourteen days. The issue with this data is that items that did not sell on a 

particular day, their zero value was still used in the calculation of the average. Making the data 

unreliable. 

  The secondary data as stated previously comes directly from the Blizzard and is actual in-game data 

of each item. Each JSON file contains all of the raw attributes that can be seen in game. The majority 

of the fields were not of interest with only the ItemID, Item category, item sub-category and the 

required level for each item being kept. Other values stored that might be if interest include 

weapons and armour stats, item descriptions and item level. The item description is unfortunately 
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an un-mineable field within time series analysis as does it not change. The Item level also does not 

change over time but could be used in conjunction with item description to look for word traits the 

higher an item level. 

  The item level could also easily replace the required level as a means of examining if the market 

place favours higher level items. Although as the higher level items tend to require higher required 

levels, the two and interchangeable resulting in both not being required. 

Initial Cleaning and transformation 
  At the time of starting analysis and getting data into WEKA initially, it was unknown how much 

cleaning would be required to the data. Testing this the data was only briefly cleaned at first to 

retain as much information as possible. 

  The first cleansing performed was to check that all the data had been merged correctly as MySQL 

merge function operates without data type checks upon migrating data. Resulting in it simply joining 

data regardless of type. 

 

Fig.1 – Problem data. 

  As can be seen above several items in the list had String values where integer values should have 

been. The String in each of the items above case was the either the item name or part of its 

description. This issue was not a MySQL issues with these errors actually stemming from the primary 

source data. The primary data was checked to see if the 13 affected items data could be recovered, 

however there error was from exporting the data from the initial source. As shown below. 
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Fig. 2 – Problem data in source. 

  Along with checking the consistency of the results some results that had the majority of zero (non-

existent) records were removed. Some examples are shown below.  

 

Fig. 3 – Examples of removed records. 

  A solution to getting these null results would have been to gather more primary data. The current 

set was only from one realm within the game, however if several data worth of realms had been 

collected, an average could have been drawn out from them all to lessen the number of null values. 

 

Dataset Questions 
  As the dataset is built around time series and looking for fluctuations within the data, the questions 

are biased in that direction. 

 Is there inflation within the WoW economy? 

 Are there pricing fluctuations based on date? 

 Do items of particular category sell for more? 

 Is one group of players going to favour using the auction house? 

  The first question is entirely what made the dataset the way it is, due to the targeting of looking for 

the answer to this question. This raised another question however. Due to the dataset being built 

specifically to answer this question, will it still be able to answer the question? 

  Pricing fluctuations such as the time of the week will be looked for, to see if any game playing 

patterns can be seen within the data. Along with answering the question of when is best to sell 

items. 

  Items within particular categories will look for an answer to if an item is worth selling if they are 

within certain item categories at the auction house. For example, do particular items sell for more? 
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  Lastly looking for the player levels who favour using the auction has a few issues, mainly 

presumptions. Items within the game have a required level, many common items do not have a 

required level but many specialised weapons and armours do. If it can be presumed that players are 

buying items as soon as they can, then we can look for trends based upon the level grouping of 

players using the auction house. 

 

WEKA and the Data 
  The first step to using WEKA is getting the data in. WEKA accepts several different file formats, but 

first a different data input method was tried. 

MySQL Connection 
  WEKA has support for directly connecting it with a MySQL database. Seeing as the data was being 

stored in a MySQL database, it was worth an attempt at getting it to work. Mainly because this 

would save having to export the data from the MySQL database to CSV or ARFF format. 

  However, it turned out that the driver packaged with WEKA is only suitable for connecting WEKA to 

a Microsoft SQL database. Despite changing the driver to one that was designed to allow Java based 

applications to connect with MySQL databases, WEKA kept on refusing to connect with the database 

with it continually throwing the error of not being able to fine the remote server which the database 

was on. As a result data was then exported to CSV for use with WEKA. 

First Visualisation 
  After importing data into WEKA for the first time, the data was looked at initially visually to see any 

patterns or trends could be seen. 

 

Fig. 4 – Data Visualisation 
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  The above image shows the visualisation of item number (along the x-axis) and the price sold for 

(along the Y-axis) with this data coming from the first day in the database. 

  Immediately what can be seen is items with higher ID numbers, which were added later in 

development and the games life, have higher values. This shows that later content produced for the 

game was target towards keeping existing players playing. 

  Also it can be seen quite clearly the number of zero values within each date. 

 

Fig. 5 – Item Category against Price. 

  The above graph shows the distribution of prices of items categorised into the items category. As 

can be seen there are no items for sale in select categories, categories 5 and 6 (Reagent and 

Projectiles) are craft able only items and are not sell-able in the auction house. Whilst item 

categories 8, 10, 11, 13 and 14 are place holders and no longer actually carry any items. Items within 

these categories have likely been either removed or migrated to other categories over time, whilst 

the numeric category reference still exists to prevent game engine complications. 

  Category number 4 has the most items for sale within it. Category 4 being armour has the widest 

consistent spread of values across it. 

Initial Time Series Analysis 
  To first use time series analysis within WEKA two packages must first be added via the in-built 

Package Manager. The ‘timeSeriesFilters’ and ‘timeseriesForecasting’ (6). Once installed additional 

options will be available within ‘Classifier’ options along with a new ‘Forecast’ tab at the top of the 

main window. 
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  Quickly running a set of data through the Forecasting tool however, revealed several issues with 

the data currently being presented. 

  Firstly was some very odd negative figures appearing but most importantly that the time series 

analysis tool works using rows not columns. How the data was setup was that there was a column 

for the ‘ItemID’, ‘ItemCategory’, ‘ItemSubCat’ along with a column for each days worth of data. 

Whilst how it needs to be setup is the opposite with a time identifier in one column, in this case our 

days and the itemID along the top as column headers.  

 

Fig. 6 – Forecasting issues. 

 

Secondary data cleaning and transformation 
  Due to issues within the data, secondary cleaning was undertaken. This time round, due to negative 

values appearing, which is technically impossible as none selling items produce zero or null values 

not negative values. As a result any record with a zero value was removed. This cut the dataset from 

13,332 records long to just 1,305. A much more manage-able size. 

  The transformation that needed to occur was the change from column based data to row based 

data, along with standard Java dates being added to the database instead of the current 

placeholders. Due to this shift the Category, Sub-Category and Required Level columns would need 

to be dropped. 

  As the data was already being handled additionally in a CSV format, Excel was used to transform 

the data from the current state to the new desired format. 

This can achived simply by copying the data you require and selecting to ‘Paste Special’ (see Fig.7)  



10 
 

 

Fig. 7 – Paste Special  

  From here this produces a new dialogue box, in which the Transpose option is selected (see Fig.8) 

This results in all the data being transformed or flipped, with rows becoming columns and columns 

becoming rows. 

 

Fig. 8 – Excel Transpose option. 
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  Doing this made the data look as follows, with only the dates needing to be switching to standard 

Java based dates. 

 

Fig. 9 – Transformed Data without dates. 

Time Series – Take 2 

Small Data Set 
  With the data now in the correct format with as many issues with data removed, it was time to see 

if the Forecasting tool would work. 

  Firstly the parameters, using a small sample of the data (eight items in total) the chosen 

parameters were as followed. 

 

Fig. 10 – Parameters chosen. 

  However trying to use the Date column within the data threw an error, with the forecaster 

complaining about ‘Priming instances do not appear’. This was believed to be a date format issue, 

but this did not seem to be to be the problem. So the ‘Time Stamp’ variable was changed to ‘<Use an 

artificial time index>’. Using this parameter did not throw any errors upon trying to perform the 

forecasting, however produced some issues with the results. (See Fig.11) 
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Fig. 11 – More data issues. 

  This time more negative values appeared, which as mentioned previously should not occur nor 

should be occurring with all zero value records being dropped. The ‘Time Stamp’ was finally changed 

to ‘<none>’ and the forecasting re-run. Success! No negative values appeared with the predicted 

values actually looking like they might fit with the existing data! 

 

Fig. 12 – Success 

  Upon successful completion of forecasting the data, a new tab is presented named ‘Train Future 

Pred.’. This new tab shows a graph of the existing data followed by the predictions. 

 

Fig. 13 – Graphing Forecast 1 

  The data shows the first hints of some time series analysis, with WEKA plotting the data into graph 

format. A major issues was apparent with this data as one record was omitted from the graph 

above. Higher random values were making the graph hard to determine any meaningful data. With 

Fig. 13 items 774 and 785 have low values in comparison to the others and as a result flat line across 

the X-axis. 

Full Data Set 
  After playing with the data a bit and looking at options available and how they affect the graphing 

tool, more data was loaded into WEKA to see more of the data. Upon trying to forecast more of the 
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data, WEKA throws an issue with running out of memory (Fig.14). As WEKA runs on Java, this can 

simply be remedied by increasing the Heap Size of Java, as suggested by the error debugger. 

 

Fig. 14 – WEKA error. 

  Upon re-launching WEKA using an increased Heap Size set to 4GB. The data was reloaded with 

basic parameters and only one day to predict, however upon trying to run the data back through the 

forecaster, WEKA locks up whilst producing no errors. However the console revealed that Java had 

silently run out of memory, again. 

 

Fig. 15 – More WEKA errors. 

  Despite a second attempt at assigning almost all the machines RAM to use with WEKA (14GB in 

total). WEKA continued to crash with complaints of running out of RAM. There appears to be some 

major issues with the Time Series Forecasting tools and Filters that are available for WEKA, which are 

likely causing some RAM leaking within the program. 

  After attempting to find other people who may be experiencing similar issues, nothing came up. So 

further analysis of the data is extremely limited to small samples of data. 

Limited Data Analysis 
  Although some data analysis can be done visually just by looking at the graphs that WEKA plots, 

such as the slight downward trend of certain items in Fig. 16. The Time Series tool for WEKA is 
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primarily built for forecasting future predictions. As WEKA was being a little less than stable, the 

future prediction tool was also limited. However was still functional enough to do short term 

predictions. 

  Firstly, running the standard configuration of the time series forecasting tool utilises a 

LinearRegression for the Base Learner Configuration. Running this in a standard configuration does 

predict results however it produces a straight line, with no alteration within the predicted vales. 

 

Fig. 16 – Time Series Forecasting of ten values using linear regression. 

  Changing any of the parameters yielded the same results with a flat line prediction. This would 

indicate that the Linear Regression filter is not designed to analyse and predict time series data. 

  So instead of using the linear regression filter, the additionally installed time series filter was 

utilised instead with hopes that they would show some time series like patterns. The filter is named 

internally in WEKA as ‘HOLTWINTERS’ and has various parameters that can be tweaked to aid in data 

forecasting. 
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Fig. 17 – ‘HOLTWINTERS’ Time series parameters. 

  The seasonal correction parameter is designed to allow for the data prediction to take into account 

the seasonal effects upon the data. The season operators do not have any effect within this data set 

due to the limited time span of the data. To effectively use this filter upon any data set would 

require years worth of data so any seasonal patterns can be analysed and used in the predictions. 

The filter is not designed for a smaller time scale like that over the time of couple weeks. This also 

makes the season cycle length parameter unusable as well. 

 

Fig. 18 – Time series filters used on time series forecasting. 
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  As can be seen the above Fig. 18, the time series filters work much better at producing realistic 

predictions to the data. Each predicted data plot follows the near the linear line that can be 

imagined to be passing through the data. 

  The main issues that appear with this Filter and time series analysis is that the prediction tools is 

not very accurate at taking into account the random spikes in price fluctuations as it also 

incorporates these into its pricing predictions. This indicates that the data would require pre-

smoothing before being input through the data analysis. 

Testing filters 
  To try and hone in the predicted values and to make for an accurate prediction, the final 10 values 

were removed from the data set. Cutting the total record count down from 38 to 28. This was so the 

predicted values could be compared to the actual values to try and validate the accuracy of the 

filters being used. 

  Doing so however, started to produce an error within the dataset upon trying to predict the values. 

The forecasting tool started to produce the error shown in Fig. 19. 

 

Fig. 19 – Forecasting error. 

  Upon looking for the cause to this error, nothing was found. This error can only be presumed to be 

an issue with the forecasting tool itself or the data set does not span a great enough time period to 

effectively work, causing it to error out as shown. 

WEKA Issues 
  Upon trying to do many of the tasks for time series analysis within WEKA, multiple issues have 

arisen. With much frustration being caused. Some of these issues may have been caused by the 

dataset itself, however some are due to the nature of WEKA’s programming itself. 

Processing and Memory limitations 
  WEKA is built using the Java Runtime Environment (JRE), this is great for allowing the code to run 

almost everywhere as the JRE is available for almost all major platforms. This has also caused some 

noticed issues. 

  An occasional error that occurred with WEKA is due to the way Java handles threads. Java without 

thread handling is single threaded and although WEKA has multithreading programmed into it 

occasionally it would get stuck in a single thread. This wasn’t a major issue but may prove some 

issues with slower clocked processors. 

  Memory allocation was a major issue with the time series forecasting tool and was one of the 

major issues with it that prevented full dataset analysis. Java would continually run out of memory 

regardless of how much was assigned to it. At quantities of RAM, WEKA would error gracefully 

(Fig.14) however at larger RAM values it would error with indications towards a memory leak  

(Fig.15) and error un-gracefully causing WEKA to crash. 
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  Although there were other issues with WEKA they are not worth mentioning. 

Alternatives to WEKA 
  An alternative to WEKA that could have been used is Rapid Miner (7). Rapid Miner is appears to be 

a more rounded data analytics tool, with a larger host of features oriented towards business 

analytics. Although the Time series analysis could not be conducted within Rapid Miner due to time 

constraints, it has a far greater documentation about this feature with more support for it. 

  Rapid Miner also has a much tighter integration with R programming, a language designed around 

statistical computing  (8). With knowledge of R and Rapid Miner was used the data analytics may 

have turned out with better results. 

Data Findings 
  From what data could be analysed it showed that there were some patterns to the data. Higher 

priced items were on a downward trend whilst lower price/common items were on a fairly level 

trend that was slightly rising. 

Issues with the Data 
  The data collected was unfortunately not based on a long enough time period to show proper 

trends from just graphing it or for the time series forecasting tool to make adequate predictions to 

future data. 

  The data was also very unclean, with lots of zero values where items either didn’t sell or only 

appeared a few times over the time period data was collected over. This may have had a magnitude 

of effects upon the validity and accuracy of any predictions drawn from the data, as the data did not 

represent the entire spectrum of items that are sellable upon the WoW auction house. 

Remedies to Issues 
  As the dataset was built entirely for this project the solution to not having enough data would have 

been to gather more data. However the amount of data was limited due to the constraints of the 

project and how much time would have been left for analysis and trouble shooting. 

  As mentioned earlier the data was collected from a single realm (or game server) whilst there are 

multiple available. The chosen server was a fairly active server, making it the reason data was 

collected from it. 

  Whilst in reality the data should have been collected from several servers and the data averaged 

out between them all. Doing this would of given a better approximation of data across the whole of 

the game along with being able to have a larger dataset that represented more of the in-game items. 

Dataset Questions 
 Is there inflation within the WoW economy? 

This was inconclusive due to the issues within the time series tools and filters. However WoWuction 

has a 14 day trend available on their site. With the short term data showing that more items are on a 

higher proportion of increasing in value than those that are dropping. See figure 20. 
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Fig.20 – 14 day price stats from WoWuction (4) 

  This indicates that there is at least some form of pricing inflation even if it is only in the short term. 

 Are there pricing fluctuations based on date? 

  Again this was inconclusive due to improper functionality of the time series tools. Additional data 

that may have been interesting to see along with any date based fluctuation would have been 

pricing fluctuations of items around in-game events. 

 Do items of particular category sell for more? 

  As can be seen within figure 5, there is a higher distribution of items in the armour category. 

Although they may not sell for more, they sell with the widest range in price along with the greatest 

quantity. Showing that there is ample supply of a wide range of this item type. 

 

Conclusion 
  There is potential for this sort of analysis against virtual economies, with the advantage of being 

able to figure out solutions and test them. However this dataset was inconclusive and did not 

provide the answers that were being sort after. Data is still being collected for this dataset and 

maybe revisited as a personal project at some point. 
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