Determinants of a Championship:

An Econometric Study

I. Introduction

While many professional football (NFL), basketball (NBA), and baseball 

(MLB) team owners complain about shrinking profits and relocation, NASCAR owners are more than pleased with the returns on their investments. With the help of big-time corporate sponsorship, NASCAR has become America’s most watched sport. 


When looking for a good investment in sports one does not need to look any further than stock car racing. Four members of the NFL Hall of Fame currently have ownership positions in NASCAR, not the NFL. Two-time Super-bowl winning coach Joe Gibbs now owns Joe Gibbs Racing and has two NASCAR Winston Cup titles with his popular drivers Bobby Labonte (2000) and Tony Stewart (2002). Quaterback Terry Bradshaw is part owner of Fitz-Bradshaw Motorsports and employs Kerry Earnhardt, son of the legendary Dale Earnhardt. Two Dallas Cowboy quarterbacks, Roger Staubach and Troy Aikman, co-own a new team that is almost ready to compete. 


The reason NASCAR is such a huge moneymaker is corporate involvement. Corporate sponsors buy space all over the racecars, the drivers’ clothes, the tracks, and even sometimes the bathrooms. Huge tracks allow for sponsors to advertise their products to hundreds of thousands of fans at once, not including television audiences. Corporate villages are set up around the entrances to races with activity trailers designed to let fans directly examine thousands of different products. Couple this with the huge weekly television audience and NASCAR is an advertising dream. 


Sponsors try to buy places on the best possible driver hoping their driver finishes well giving them more exposure. Budweiser, for example, spends a lot of money on sponsoring a car and in return gets tons of exposure through its driver Dale Earnhardt Jr. Dupont is another company that is heavily involved in racing by sponsoring four-time champion Jeff Gordon. Sponsors like Budweiser and Dupont make sure that team owners have the resources to be successful.  

Racing has always been a sport that I love. In fact I was born just three hours after my dad won a feature race at Skyline Speedway close to Athens, Ohio. I learned how to count watching my dad race around the local circuits. NASCAR is the pinnacle of racing, where the professionals drive. My very few experiences driving on the local tracks have been expensive, unsuccessful, and a clear indication that I will never be a professional driver. That doesn’t stop me from being the owner of a team, though. As a potential future owner in NASCAR, I want to know the factors that contribute toward a driver’s performance. I want the best driver in hopes that I get the best sponsorship deal. 

The goal of this paper is to examine the effect of a variety of factors on a NASCAR driver’s performance.  Section II of this paper is the empirical model specification and introduces the variables used in the estimation. Section III is testing for multicollinearity among the independent variables. Section IV of this paper is testing for heteroskedasticty problems. Section V reveals the results of the model estimation. Section VI is the conclusion of this paper. Section VII reveals the data source used for the estimation. 

II.
Empirical Model Specification

This empirical model will determine the effects of seven independent 

variables on a driver’s performance in two NASCAR Winston Cup seasons, 1993 and 2003. All drivers who attempted to qualify for the season-opening Daytona 500 are included in the population sample used for each specification of the model. E-Views statistical software using the OLS-method will estimate Equation 1 (Eq. 1) where the dependent variable points represents performance as the total number of points accumulated during each specified season. 

Eq. 1:
Points = f(age, age2, xp, dnf, south, team, wins) + error term


Table 1 below introduces each independent variable as well as its anticipated effect on performance. 
Table 1: Definition of Variables

	Variable
	Definition
	Anticipated Sign

	Age
	Driver’s age at the beginning of a season
	Positive

	Age2
	The square of a driver’s age at the beginning of a season
	Negative

	Xp
	Total number of races competed in before a season
	Positive

	Wins
	Percentage of wins prior to beginning of a season
	Positive

	Dnf
	Percentage of races not finished at the beginning of a season. 
	Negative

	Team
	Number of driving teammates during season
	Positive

	South (Dummy)
	“1” if driver is from the south          “0” for all others 
	Positive


The independent variable age attempts to capture the effect of a driver’s age on performance. The value for the variable is given by a driver’s age at the beginning of a season. NASCAR racing involves much more than simply driving a car each Sunday. Appeasing many sponsors, testing new technology, making public appearances, and traveling constantly are examples of the pressures facing drivers. Older more mature drivers are better able to handle the grueling racing season. However, there likely is an age at which skills diminish. To capture this non-linear effect the independent variable age2 is also added to the model. Due to the expected non-linear effect, the anticipated sign for the coefficient of age is positive where the expected sign for the coefficient of age2 is negative.


The independent variable xp attempts to capture the effect a driver’s experience has on performance. The value for this variable is given as the total number of races in which a driver has competed at the start of a season. Gaining experience is the best way to improve at anything. Racing is no different, the more races a driver runs the more he learns. Experience will likely provide an advantage to a driver’s performance. Given this, the expected sign for the coefficient of xp is positive. 


The independent variable wins attempts to capture the effect of previous quality on performance. The value of this variable is the percentage of total races won by a driver prior to the beginning of a season. Previous success indicates that a driver already has the skills needed to perform well. Prior success also boosts a driver’s confidence, an attribute needed to succeed at anything. Provided with this information, the expected sign for the coefficient of wins is positive.

The independent variable dnf attempts to capture the effect of previous failure on performance. The value for this variable is given as the percentage of total races a driver has started but not finished prior to the start of a season. There are a variety of reasons why a driver may not finish a race. Various equipment failures may cause a driver to not finish a race. Many equipment failures will diminish a driver’s confidence in his car negatively affecting his performance. Wrecks are another common cause of a driver not completing a race. With cars traveling up to 200 miles per hour, some wrecks are extremely violent causing injuries or death. Many wrecks throughout a career will diminish a driver’s ability to take the risks needed to win in the competitive world of stock car racing. Provided this argument, the anticipated sign for the coefficient of dnf is negative. 


The independent variable team attempts to capture the effect teammates have on performance. The value for this variable is given as the number of driving teammates a driver has during a season. Driving teammates are drivers who drive for a common owner. NASCAR rules limit the number of test sessions each driver can have during a season limiting the information each can accumulate. Multiple drivers with a common owner have a distinct advantage in that they can perform the testing at different tracks and share the information. Given this, the expected sign for the coefficient of team is positive.

The independent variable south attempts to capture the effect of a driver’s hometown on performance. Drivers who originate south of the Mason-Dixon line and east of the Mississippi River will receive a value of “1” while all others receive a value of “0.” NASCAR is a sport born from the many racing venues throughout the south. Drivers from the south are more likely to have grown up around racing. North Carolina for example is the only state in which there is a statewide organization to advance the sport of racing. Drivers born in the south many times have grown up racing anything from cars to go-karts and even lawn mowers. Racing is in a southerner’s blood so to speak. Therefore, the expected sign for the coefficient of south is positive. 


III. 
Testing for Multicollinearity:


Multicollinearity occurs when multiple independent variables have a linear relationship with each other meaning that the independent variables change in tandem. Two types of multicollinearity may exist, perfect and imperfect. Perfect multicollinearity exists when at least two independent variables have a perfect linear relationship with each other. The more common imperfect multicollinearity refers to a strong correlation between multiple independent variables. Multicollinearity is a problem since it affects both the significance and magnitude of estimated coefficients.  Specifically, multicollinearity increases the standard errors of the coefficients of the variables that are highly correlated.  This means that the estimated coefficients of the correlated variables may not be found to be significant (based on a t -test) while in fact they are significant.  Also, the estimated coefficients of the highly correlated variables may have the wrong signs and magnitudes.

Examining the correlation matrix of the variables is a simple way to test for   multicollinearity problem.  The rule is that whenever the absolute value of correlation coefficient between two independent variables is above 0.7 multicollinearity is a problem. The two tables below show the correlation matrices for 1993 and 2003.

Table 2: 1993 Correlation Matrix

	
	age
	age2
	xp
	winratio
	dnfratio
	team
	South

	Age
	1
	0.992086
	0.514104
	0.074161
	0.082073
	-0.07567
	0.401516

	age2
	0.992086
	1
	0.487503
	0.050541
	0.05705
	-0.05331
	0.391242

	Xp
	0.514104
	0.487503
	1
	0.394499
	-0.34747
	0.132262
	0.225069

	Winratio
	0.074161
	0.050541
	0.394499
	1
	-0.38955
	0.37384
	0.221932

	Dnfratio
	0.082073
	0.05705
	-0.34747
	-0.38955
	1
	-0.34815
	-0.17857

	Team
	-0.07567
	-0.05331
	0.132262
	0.37384
	-0.34815
	1
	-0.14907

	South
	0.401516
	0.391242
	0.225069
	0.221932
	-0.17857
	-0.14907
	1


Note: Correlation coefficients above 0.7 are in bold face

Table 3: 2003 Correlation Matrix

	
	age
	age2
	xp
	winratio
	dnfratio
	team
	South

	Age
	1
	0.9958
	0.771619
	-0.14687
	0.121073
	-0.29352
	0.157444

	age2
	0.9958
	1
	0.792
	-0.13856
	0.129092
	-0.29037
	0.161518

	Xp
	0.771619
	0.792
	1
	0.145911
	0.118943
	0.025991
	0.383505

	Winratio
	-0.14687
	-0.13856
	0.145911
	1
	-0.2898
	0.427963
	-0.01344

	Dnfratio
	0.121073
	0.129092
	0.118943
	-0.2898
	1
	-0.01759
	-0.01573

	Team
	-0.29352
	-0.29037
	0.025991
	0.427963
	-0.01759
	1
	0.220916

	South
	0.157444
	0.161518
	0.383505
	-0.01344
	-0.01573
	0.220916
	1


Note: Correlation coefficients above 0.7 are in bold face 
As expected, Tables 2 & 3 indicate that age and age2 are highly correlated.  Given that both of these variables are needed in the equation in order to capture the possible non-linear relationship between age and points, I choose to keep both variables in the equation. Whereas the 1993 matrix shows no signs of additional multicollinearity problems, the correlation matrix for 2003 shows at least one problem.  The variables xp (experience) and age appear to be highly correlated. The reason for the problem is that older drivers usually have more experience.

 
Correlation problems can be resolved in several ways. One possible solution is increasing the sample size. This is not an option in this study as the 2003 sample covers the entire population.  Another solution for multicollinearity problem is to drop one of the highly correlated variables from the equation.  Dropping regressors is not the most recommended way to correct multicollinearity since this may result in the omitted variable bias which makes the estimated coefficients of the remaining variables less accurate. Another way to diminish the multicollinearity problem is the re-specification of variables. Combining variables, changing nominal to real values, and changing values to percentages are among the ways to re-specify the equation.  Finally, some researchers may choose to do nothing about multicollinearity problem.  The reason is that multicollinearity does not affect the value of the adjusted R-squared.  Neither does it affect the estimated results for the coefficients of the uncorrelated variables. 

Given that the high correlation between age and experience is only evident in 2003, I choose to do nothing about the multicollinearity problem.  This will result in the estimation of the same specification in both years.  I am aware, however, that the estimated coefficients on age and experience in the year 2003 have high standard errors. 

IV.
Testing for Heteroskedasticity

Heteroskedasticity occurs when the error term of Equation 1 does not have a constant variance. The problem with heteroskedasticity is that in most cases it causes the OLS estimation to underestimate variances and standard errors of coefficients. Heteroskedasticity causes the t-statistic to be untrustworthy. With heteroskedasticity present it is likely that a large residual will be observed. 


The White test reveals heteroskedasticity problems. To conduct a White test, one must first estimate Equation 1.  The residuals of Equation 1 will then be used as the dependent variable in a subsequent equation.  The independent variables of the new equation include the original independent variables, their squares and the product of all possible pairs of independent variables. The R2 of this equation multiplied by the sample size (n) has a chi-squared distribution. The value of the critical chi-squared depends on the number of independent variables in the new equation and the level of significance.  Given that the new equation has 32 independent variables at 5 percent level of significance, the critical chi-squared is 45.91.  If the calculated chi-squared is higher than the critical chi-squared then the problem of heteroskedasticiy is significant. 


Both the 1993 and 2003 models were examined for heteroskedasticiy problem. The White test produces an n*R2 value of 37.195 for the 1993 model and an n*R2 value of 40.05 for 2003 model. Therefore, at 5 percent level of significance I don’t find any evidence suggesting a severe heteroskedasticiy problem.  

V.
Results of Model Estimation


The results of the model estimations are given in Table 4 below. The table shows coefficients, t-statistics, and adjusted R2 values for both the 1993 and 2003 specification of Equation 1.

Table 4: Results of Estimation of Equation 1

	

	
	
	

	Dependent Variable: Points
	

	
	

	Independent Variables
	1993
	2003

	intercept (C)
	3791.2870
	2252.2860

	
	1.2705
	0.6142

	age
	-27.3197
	36.4831

	
	0.1651
	0.1738

	age2
	-0.1725
	-1.0725

	
	0.0829
	0.3520

	xp
	2.6343
	1.6616

	
	2.6187**
	1.3182*

	wins
	4040.153
	11609.99

	
	0.9262
	2.5604**

	dnf
	-2813.7950
	-895.2026

	
	1.7969**
	0.5725

	team
	159.0554
	295.9575

	
	0.4646
	2.5819**

	south
	65.9657
	-25.8038

	
	0.2112
	0.0766

	adjusted R2
	0.38
	0.45

	1. t-statistic is given in italics
	

	2. * indicates 10% level of significance

	3. ** indicates 5% level of significance



The explanatory power for each specification of the estimation is given by the adjusted R2 values.  Examining the explanatory value of the 1993 estimation from Table 4 shows that The independent variables can explain 38 percent of variations in points around mean points in 1993.  In the year 2003, however the explanatory power of these variables increases to 45 percent. 

A.
Significance Testing

Each variable is tested for significance by performing a t-test. To perform a t-test a level of significance must be determined. The critical t for a one sided test at 5 and 10 percent levels of significance are 1.697 and 1.310 respectively. Each independent variable has a t-statistic given by the regression. The absolute value of a variable’s t-statistic must be greater than the critical t-statistic in order to be significant at the desired level. Table 4 above shows the results of significance testing for each variable. 


As Table 4 indicates, the coefficient of experience (xp) is significant at 5 percent level in 1993 and 10 percent level in 2003.  Based on the values of the estimated coefficient on xp in the 1993 and 2003 equations, I can conclude that as the number of a driver’s prior races increased by one, the driver’s points during the season increased by almost 3 in 1993 and 2 in 2003. 

The results of a t- test reveal that the coefficient of the independent variable dnf  (percentage races not completed) is negative at 5 percent level of significance in 1993.  However, the same coefficient is not significant in 2003.  These results suggest that in 1993, whether or not a driver had failed to complete a race prior to the season could in part explain his points during the season. Specifically, my estimation results suggest that a one-percent increase in previous failure will result in a decrease of 2814 points.  Interestingly a driver’s previous failure did not have a significant power to predict his points in 2003.   

Another interesting finding is that neither a driver’s winning percentage (win) nor his number of teammates (team) are found to be affecting his points significantly in 1993.  On the other hand, both of the above variables make a positive and significant contribution toward a driver’s points in 2003. A further investigation of the results reveals that in the year 2003, for every one-point increase in a driver’s winning percentage prior to the season, a driver’s points will increase by 11610.  Moreover, for each teammate that a driver had in the year 2003, the driver’s points increased by 296. 

Two independent variables were not found to be significant at 5 percent or 10 percent for either specification of Equation 1. Therefore, I do not believe that  a driver’s age (age) nor where he is from (south) has a significant impact on performance in 1993 or 2003. 

VI. Conclusion

The estimation results of the two specifications of Equation 1 provide a basis for comparison between the two seasons. In 1993 previous experience and percentage of failures were the only two factors that had a significant impact on a driver’s performance. In 2003 the number of teammates, previous winning percentage, and prior experience were significant factors affecting a driver’s performance. A driver’s previous percentage of failures no longer seemed to have a significantly negative effect on a driver’s performance during the 2003 season. 


As a potential future owner in NASCAR racing, this empirical model helps me to identify the factors that contribute toward having a successful team. Having a team of multiple drivers appears to be an important factor in enhancing performance as it gives the team members a chance to share information. A driver with previous success also seems likely to gain a high amount of season points. A driver’s age and where he is from do not appear to be important factors contributing to performance, and do not need to be heavily considered when hiring a driver. 

VII. Data Source

The official site of NASCAR, http://www.nascar.com, reports every NASCAR-related statistic in the history of the sport updated after each race. 
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