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Abstract

This study is designed to determine the revenue, both private and public, that will be generated by “The Pennsylvania Race Horse Development and Gaming Act,” which, upon its passage in 2004, legalized electronic gaming devices (EGDs) in Pennsylvania.  In addition, the study explored the affects of any potential plan that would legalize table games in Pennsylvania.  This was achieved by creating two regression models that were based on data collected from a host of states that have legalized EGDs and table games.  The tax portion of the 2004 law was applied to the prediction to determine the public revenue brought in through the legalization of the EGDs.  The results show that the revenue brought in by the new law will exceed the expectations of the state.  However, the results also show that a proposal to legalize table games would not be as successful.

Introduction

The gaming industry has become a force in America’s growing economy.  American gaming companies bring in billions of dollars in revenue each year.  Cities like Las Vegas, Atlantic City, and Biloxi have flourished as a direct result of gaming licenses.  With the passage of a 2004 law that legalizes slot machines, or Electronic Gaming Devices (EGDs), Pennsylvania has joined the growing number of states that have turned to the gaming industry to boost their economy.  The goal of this study is to investigate the effect of this decision on the state’s economy.

In July 2004, Pennsylvania Governor Edward Rendell signed the “Pennsylvania Race Horse Development and Gaming Act” into law.  This law will allow for as many as 61,000 EGDs to be located in 14 locations throughout the Commonwealth.  These locations include 7 racetracks, 5 non-track slot parlors, and 2 resort venues.
  The newly formed Pennsylvania Gaming Control Board is currently in the process of issuing slot licenses, which is expected to be complete by the end of 2005.

According to Governor Rendell, the main goal of the legalization of EGDs is to help relieve the high property taxes residents currently pay in Pennsylvania.  This will be done with a 34% tax on the gross revenue collected from the EGDs.  On top of this, the state has placed an additional 12% tax for the Pennsylvania Race Horse Improvement Assessment, a 5% tax that will go to the Pennsylvania Gaming and Economic Development and Tourism Fund, and, finally, a 4% tax that will go to the host community.
  So, in total, 55% of revenue generated by EGDs will go to the government in the form of taxes.                                                                            
The study will test the hypothesis that both private and public revenue generated by the new law will surpass the state government’s expectations.  Their hope is that the law will generate between two and three billion dollars of private revenue and approximately one billion dollars in tax revenue in the first year.
  Also, the study will test the hypothesis that legalizing table games will further increase revenue.  The results of this study can help legislators develop the most efficient method of raising revenue through the legalization of gaming.

Methods

Data Sources


The study was based on data collected from eleven states that have legalized some form of gaming.  This includes three states, Delaware, West Virginia and Rhode Island, that have only legalized EGDs.
  On top of those, data was gathered from eight states that have legalized both EGDs and table games.  These include Colorado, Illinois, Indiana, Iowa, Mississippi, Missouri, New Jersey, and South Dakota.


After a quick glance at this list of states, one may observe some noticeable absences.  For example, New York, which opened its first Racino in 2004, is not included because first year data has yet to be reported.  New Mexico and Montana, which have legalized EGDs, along with Louisiana and Michigan, which allow both EGDs and table games, are not included because the data released by the states do not provide all of the information needed for this study.  The most obvious absence is Nevada.  Nevada is unique, because the gaming industry is one of the state’s biggest revenue generators.  So, data from Nevada was not included due to the fear that it would distort our results.  

Variables

In order to cover all possible sources of revenue creation, data was collected on “supply side” variables and “demand side” variables.  The supply side data will measure the availability of gaming in the state.  Among the variables used were the number of EGDs and the number of table games in a state.  This was a measure of the number of games that could be played in the state.  Next, the number of facilities was used as a measurement of the number of locations where individuals can go play these games.  The number of years gaming has been available was also taken into account, because the amount of people attending may change after facilities are able to form a reputation through advertisement or word of mouth.  

In addition to the supply side data, demand side data is needed to generate accurate results.  This data would measure different aspects of the potential attendees of gaming facilities.  The first of these variables was state population, which would provide the overall number of potential attendees.  The state’s average income was used, because it can provide information on how much money is available to spend on gaming.  

Age and education are also believed to be indicators of gaming habits.  So, the median age variable was used as an age measurement and the percentage of individuals that were age 25 years or older that had obtained a four-year college education or higher degrees was used to account for state education.  Religion plays a large part of determining whether individuals participate in gaming or not.  In order to account for religion, the percentage of faiths in a state that did not reject gambling was used in the regression.

Another variable included in the regression was the presence of Indian casinos in a state.  This was a dummy variable that was set equal to one if Indian casinos were present.  The presence of these casinos would help examine the effects of alternative sources of gaming.  Finally, the presence of gaming in surrounding states was examined to determine if the lack of gaming in surrounding states would cause portions of their population to travel to another state to participate in gaming.   
Models 


There will be three types of predictions in the study.  The first is a prediction of private revenue generated by the legalization of EGDs in Pennsylvania.  A regression model based on the supply and demand side variables from nine states that provided specific data for EGD revenue (See Table 1).  In total, there were 82 data points in this regression.  The data collected from Pennsylvania was substituted in the model to make the prediction.


The second is the prediction of tax revenues collected from EGDs.  This was determined by using the private revenue prediction from part 1 and applying Pennsylvania’s specific tax laws to that prediction.  In total, this is approximately 55% in taxes.


Finally, a regression model will be created to determine the total private revenue that can be generated from legalizing table games along with EGDs in Pennsylvania.  This will be based on the supply side and demand side variables from eight states that have legalized both EGDs and table games (See Table 2).  In total, there were 63 data points in this regression.  After creating the model, a sample proposal was created and used to predict the effects of the addition of table games in Pennsylvania.       

Results

Part 1—Private Revenue from EGDs


The private revenue was predicted by a regression model that took the following form:

(1) Revenue = C + B1 * Slots + B2 * Facilities + B3 * Years + B4 * Population + B5 * AverageIncome + B6 * BorderStates + B7 * Education + B8 * IndianCasinos + B9 * MedianAge + B10 * Religion


The following is the estimated regression equation:
(2) Revenue = -42800000000 + 93305.06 * Slots + -37435089 * Facilities +                     -2767149 * Years + 50.75468 * Population + -55527.55 * AverageIncome +               -21241946 * BorderStates + 63393136 * Education + 963000000 * IndianCasinos + 75920710 * MedianAge + 400000000 * Religion


At first glance, the regression output seems to be a success.  However, further examination shows that there are two variables, years and border states, that are highly insignificant, p > .1 (See Figure 1).  So, these were removed and the equation was estimated a second time (See Figure 2).  The following is the new estimated regression equation:

(3) Revenue = -46700000000 + 97328.74 * Slots + -41762848 * Facilities + 51.83215 * Population + -64218.47 * AverageIncome + 73877538 * Education + 1140000000 * IndianCasinos + 75661199 * MedianAge + 439000000 * Religion


This time, the output shows that all of the variables are highly significant, p < .01.  Once this is combined with the R-squared value of approximately 0.86, it is clear that this has the makings of a very reliable model.  Along with the descriptive statistics, a further look into the model can tell us a great deal about the variables (See Table 3).  For instance, an increase of just one EGD will bring in $97,328.74.  Surprisingly, the facilities variable has a negative coefficient, telling us that an increase in the number of facilities will actually decrease revenue.  This may have something to do with the concentration of EGDs throughout states.  


As expected, the population and religion variables have positive coefficients, which tell us that an increase in population will increase revenue, as will an increase in the percentage of the population not belonging to a religion that bans gambling.  The negative coefficient on the average income variables suggests that the rich may not gamble as much as the poor, which could be a sign of future social welfare problems.  The positive coefficients on median age and education tell us that older people and highly educated people tend to gamble more than the younger population.  Finally, the positive coefficient on Indian casinos is interesting.  It may suggest that the introduction of gaming through Indian casinos may lead to more people attending commercial casinos.  In other words, people who have been predisposed to gaming through Indian casinos may be more willing to go to a commercial casino. 

Although the model seems to be strong, there is always potential for pitfalls.  Figure 3 and Figure 4 may shed some light on some potential problems.  These indicate that the residuals are not distributed perfectly normal.  However, it is concluded that overall normality holds.  These figures may also show the presence of heteroskedasticity and autocorrelation.  This is expected, because data was collected across states and within states.  However, these potential troubles are not expected to affect the prediction in a major way.    

Now that the model has been finalized, it can be used to predict the private revenue Pennsylvania can expect from legalizing EGDs.  We used both the supply side and demand side data collected from Pennsylvania to make two predictions.  The first prediction was based on 38,000 EGDs in operation, which is what is expected during the first year.  Our revenue prediction is as follows:

(4) Revenue = $4,086,980,504

            Standard Error = $348,653,946

            95% Confidence Interval: [$3,403,618,769, $4,770,342,239]
 
Then, we used the maximum number of slots that is allowed under law, which are 61,000.  Our revenue prediction is this case was as follows:

(5) Revenue = $6,325,541,420
            Standard Error = $576,483,024



            95% Confidence Interval: [$5,195,634,692, $7,455,448,148]


These numbers suggest that the EGDs will be more profitable than expected in Pennsylvania.  The prediction with 38,000 EGDs is well above the two to three billion that is estimated by the state.  The study shows that if Pennsylvania would install the maximum number of EGDs, the private revenue could reach $6 billion.

Part 2—Public (Tax) Revenue from EGDs


In the study, the tax laws, which total up to approximately 55% of private revenue, were applied to both predictions in Part 1.  Table 4 shows the break down of tax revenue in both cases.  The total amount of tax revenue expected when 38,000 slots are present is as follows:

(6) Tax Revenue = $2,247,839,276

The total amount of tax revenue expected when the maximum of 61,000 EGDs are present is as follows.

(7) Tax Revenue = $3,479,047,779

As expected, the study suggests that tax revenue will soar past the one to two billion of total tax revenue expected by the state.  Therefore, the study predicts more property tax relief for the citizens of Pennsylvania and a bigger boom to the economy.  
Part 3—Private Revenue from the addition of Table Games

In this part of the study, the form of the regression equation is very similar to the equation in part 1, except for the fact that this equation will include a variable for table games.  The equation was estimated (See Figure 5).  The following is the result:

(8) Revenue = -2040000000 + 26053.25 * Slots + 1793902 * Tables + -6335124 * Facilities + 26628328 * Years + 73.04742 * Population + 9470.653 * AverageIncome + -134000000 * BorderStates + 11159571 * Education + -138000000 * IndianCasinos + 33237021 * MedianAge + 2960840 * Religion



As in part 1, this regression model has a very high R-squared value, which is .98 in this case.  However, the descriptive statistics and p-values of the variables tell a slightly different story (See Table 5).  In this case, only the “tables” variable is significant at the .01 level, p < .01, which tells us with a great deal of certainty that as one table is added, $1,793,902 in revenue is expected to be generated.  In total, there are five variables significant at the .1 level.  However, there were no variables removed, because if this occurred, the small number of explanatory variables would not give much insight into the affect of the addition of table gaming on revenue.


A deeper look at the output shows some differences with the regression in part 1.  For starters, there are two new variables.  The first is years and the positive sign on the variable shows that as the number of years a full casino is in operation grows so will revenue.  The second variable was Border States.  The negative sign shows that as the number of Border States without gaming increases, the revenue decreases.  A possible explanation is that these states do not have gaming, because their citizens do not approve of the practice.  So, the presence of gaming in a state may actually be a potential sign that their populations may be willing to cross borders to play even more.  Also, the sign on the average income coefficient and Indian casino coefficient changed.  This may mean that wealthy populations prefer table games and Indian casinos may actually take away some of the audience from commercial casinos since they both have table games.    

As in part 1, there are some issues that must be dealt with in order to deem this study completely accurate.  Figure 6 and Figure 7 show that this model may be closer to complete normality.  However, the problem of Heteroskedasticity and Serial Correlation are still present.  Once again, we expected this to exist, but do not expect it to have a major impact.  However, it may represent a potential area for improvement in future studies.


The equation can now be used to predict how much private revenue Pennsylvania can expect from legalizing table games along with the EGDs.  The same demographic data for the state will be used, but the demand side data had to be created.  It is hard to imagine that the number of EGDs will immediately increase if table games also exist.  Therefore, it is estimated that 38,000 EGDs will be available.  Also, it is estimated, based on proportions of EGDs to table games in other states, that Pennsylvania can maintain approximately 600 tables throughout the state.  So, using this data, a prediction for private revenue can be generated.  It is as follows:

(9) Revenue = $2,607,643,226
            Standard Error = $365,823,485
            95% Confidence Interval: [$1,890,629,195, $3,324,657,256]

The model predicts that the revenue that would be generated under this proposal is less than predicted revenue when only EGDs are in operation!  This shows that EGDs are the true generator of profit.  As a matter of fact, our model shows that adding a group of 100 slot machines, which is not a lot considering we have 38,000 already, will generate a great deal more revenue than adding one table.  This result is a dagger to those who advocate full gaming in the state of Pennsylvania.
Conclusion


The results of this study show that the law passed by the Pennsylvania General Assembly and signed by Governor Rendell will have an extraordinary impact on the economy of Pennsylvania.  The study shows that the private revenue and public revenue created by this new law will exceed all expectations.  However, a proposal that would add table games to the state would fall short of all expectations.  As a matter of fact, adding table games to the facilities will cause a drop in revenue.


Although this study was limited due to the difficulty of gathering data from every state that has gaming, it still gives us a great deal of insight into the impact the gaming industry will have on Pennsylvania’s economy.  The results imply that the EGDs are the big money makers for casinos.  The addition of table games can take people away from the EGDs, and, therefore, total revenue will go down.  This can help explain why most states that have legalized both forms of gaming increase the number of EGDs and decrease the number of tables at their facilities over time.  As Pennsylvania moves into the world of gaming, officials need to realize that EGDs are the Commonwealth’s best possible source of gaming revenue.     
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Table 1.  States with EGD Revenue Data

	Colorado

	Illinois

	Indiana

	Iowa

	Missouri

	South Dakota

	Delaware

	Rhode Island

	West Virginia


Table 2.  States used that have Legalized EGDs and Table Game

	Colorado

	Illinois

	Indiana

	Iowa

	Mississippi

	Missouri

	New Jersey

	South Dakota


Table 3.  Descriptive Statistics for Variables from EGDs Output Model 2

	
	Mean
	Median
	Standard

Deviation
	Minimum
	Maximum

	Slots
	9426.86
	8925.00
	8521.18
	955.00
	18152.00

	Facilities
	14.62
	9.00
	15.92
	2.00
	56.00

	Population
	3827828.00
	2910253.00
	3373247.00
	12713634.00
	12713634.00

	Average Income
	17736.92
	17562.00
	4097.97
	10520.00
	24049.00

	Education
	21.42
	21.40
	4.97
	12.30
	32.70

	Indian Casinos
	0.37
	0.00
	0.49
	0.00
	1.00

	Median Age
	35.29
	35.40
	1.79
	32.40
	38.90

	Religion
	99.15
	100.00
	1.19
	97.00
	100.00


Table 4.  Pennsylvania Tax Revenue from EGDs

	
	61,000 EGDs
	38,000 EGDs

	34%

State Gaming Fund 

(Property Tax Relief)
	$2,150,684,082
	$1,389,573,371

	12%

PA Race Horse Improvement Assessment
	$759,064,970
	$490,437,660

	5%

PA Gaming and Economic Development and Tourism Fund
	$316,277,071
	$204,349,025

	4%

Local Share Assessment 

(Host Community)
	$253,021,656
	$163,479,220

	Total
	$3,479,047,779
	$2,247,839,276


Table 5.  Descriptive Statistics for Variables from Full Casino Output

	
	Mean
	Median
	Standard

Deviation
	Minimum
	Maximum

	Slots
	15954.08
	13028.00
	11660.88
	1234.00
	42378.00

	Tables
	468.56
	333.50
	373.44
	50.00
	1427.00

	Facilities
	20.91
	12.00
	15.75
	4.00
	56.00

	Years
	9.61
	9.00
	5.64
	1.00
	26.00

	Population
	5164476.00
	4364275.00
	3267114.00
	754844.00
	12713634.00

	Average Income
	18516.33
	19674.00
	4434.41
	12422.00
	27006.00

	Border States
	1.36
	1.00
	1.06
	0.00
	3.00

	Education
	22.35
	21.50
	5.14
	15.50
	32.70

	Indian Casinos
	0.56
	1.00
	0.50
	0.00
	1.00

	Median Age
	35.14
	35.40
	1.45
	32.40
	37.00

	Religion
	98.81
	99.00
	1.21
	97.00
	100.00


Figure 1.  Private Revenues with EGDs Regression Output

	Dependent Variable: REVENUE
	
	

	Method: Least Squares
	
	

	Date: 11/22/05   Time: 01:26
	
	

	Sample: 1 82
	
	
	

	Included observations: 82
	
	

	
	
	
	
	

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	
	
	
	
	

	C
	-4.28E+10
	1.43E+10
	-2.995410
	0.0038

	SLOTS
	93305.06
	15298.92
	6.098801
	0.0000

	FACILITIES
	-37435089
	11986991
	-3.122976
	0.0026

	YEARS
	-2767149.
	11165837
	-0.247823
	0.8050

	POPULATION
	50.75468
	9.689216
	5.238265
	0.0000

	AVERAGEINCOME
	-55527.55
	25977.24
	-2.137547
	0.0360

	BORDERSTATES
	-21241946
	39203552
	-0.541837
	0.5896

	EDUCATION
	63393136
	29211140
	2.170170
	0.0333

	INDIANCASINOS
	9.63E+08
	5.06E+08
	1.904540
	0.0609

	MEDIANAGE
	75920710
	21581641
	3.517838
	0.0008

	RELIGION
	4.00E+08
	1.35E+08
	2.955166
	0.0042

	
	
	
	
	

	
	
	
	
	

	R-squared
	0.859645
	    Mean dependent var
	7.08E+08

	Adjusted R-squared
	0.839876
	    S.D. dependent var
	4.77E+08

	S.E. of regression
	1.91E+08
	    Akaike info criterion
	41.09764

	Sum squared resid
	2.59E+18
	    Schwarz criterion
	41.42049

	Log likelihood
	-1674.003
	    F-statistic
	43.48593

	Durbin-Watson stat
	0.817850
	    Prob(F-statistic)
	0.000000

	
	
	
	
	

	
	
	
	
	


Figure 2.  EGDs Regression Output 2
	Dependent Variable: REVENUE
	
	

	Method: Least Squares
	
	

	Date: 12/02/05   Time: 20:24
	
	

	Sample: 1 82
	
	
	

	Included observations: 82
	
	

	
	
	
	
	

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	
	
	
	
	

	C
	-4.67E+10
	8.33E+09
	-5.607961
	0.0000

	AVERAGEINCOME
	-64218.47
	20081.25
	-3.197932
	0.0020

	EDUCATION
	73877538
	17969588
	4.111254
	0.0001

	FACILITIES
	-41762848
	6563942.
	-6.362465
	0.0000

	INDIANCASINOS
	1.14E+09
	2.43E+08
	4.679381
	0.0000

	MEDIANAGE
	75661199
	17502436
	4.322895
	0.0000

	POPULATION
	51.83215
	8.755769
	5.919771
	0.0000

	RELIGION
	4.39E+08
	79421087
	5.523891
	0.0000

	SLOTS
	97328.74
	11177.67
	8.707430
	0.0000

	
	
	
	
	

	
	
	
	
	

	R-squared
	0.858877
	    Mean dependent var
	7.08E+08

	Adjusted R-squared
	0.843412
	    S.D. dependent var
	4.77E+08

	S.E. of regression
	1.89E+08
	    Akaike info criterion
	41.05431

	Sum squared resid
	2.60E+18
	    Schwarz criterion
	41.31846

	Log likelihood
	-1674.227
	    F-statistic
	55.53494

	Durbin-Watson stat
	0.815545
	    Prob(F-statistic)
	0.000000

	
	
	
	
	

	
	
	
	
	


Figure 3.  Actual, Fitted, Residual Graph for EGDs Output 2
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Figure 4.  Histogram for EGDs Output 2
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Figure 5.  Full Casino Regression Output

	Dependent Variable: REVENUE
	
	

	Method: Least Squares
	
	

	Date: 11/22/05   Time: 02:18
	
	

	Sample: 1 63
	
	
	

	Included observations: 63
	
	

	
	
	
	
	

	
	
	
	
	

	Variable
	Coefficient
	Std. Error
	t-Statistic
	Prob.  

	
	
	
	
	

	
	
	
	
	

	C
	-2.04E+09
	7.44E+09
	-0.273936
	0.7852

	SLOTS
	26053.25
	15050.76
	1.731026
	0.0895

	TABLES
	1793902.
	369761.7
	4.851510
	0.0000

	FACILITIES
	-6335124.
	8430505.
	-0.751453
	0.4558

	YEARS
	26628328
	12689407
	2.098469
	0.0408

	AVERAGEINCOME
	9470.653
	27061.75
	0.349964
	0.7278

	BORDERSTATES
	-1.34E+08
	73959912
	-1.816766
	0.0751

	EDUCATION
	11159571
	35779783
	0.311896
	0.7564

	INDIANCASINOS
	-1.38E+08
	2.16E+08
	-0.640053
	0.5250

	MEDIANAGE
	33237021
	22505817
	1.476819
	0.1459

	POPULATION
	73.04742
	28.07343
	2.602013
	0.0121

	RELIGION
	2960840.
	69881097
	0.042370
	0.9664

	
	
	
	
	

	
	
	
	
	

	R-squared
	0.987956
	    Mean dependent var
	1.32E+09

	Adjusted R-squared
	0.985359
	    S.D. dependent var
	1.19E+09

	S.E. of regression
	1.44E+08
	    Akaike info criterion
	40.57258

	Sum squared resid
	1.05E+18
	    Schwarz criterion
	40.98079

	Log likelihood
	-1266.036
	    F-statistic
	380.3293

	Durbin-Watson stat
	0.921951
	    Prob(F-statistic)
	0.000000

	
	
	
	
	

	
	
	
	
	


Figure 6.  Actual, Fitted, Residual Graph for Full Casino Output
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Figure 7.  Histogram for Full Casino Output
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