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[NEAS: This candidate applies the baseball won-loss records analysis to basketball.  The small roster of starting players, the long season, and the relatively low stochasticity of basketball suggest that a regression equation with few past years may be optimal.  She finds that a single past year is optimal.

We post this student project to show the difference between baseball and basketball in the number of past years for the optimal regression equation.  The same difference in the opposite direction occurs for football.

The NEAS faculty comments point out a few errors in the student project.  The comments here focus on the intuition; they do not cover the statistics in the Excel file.]
Introduction
[NEAS: This candidate’s first language is not English; errors in grammar or diction do not affect the grading of the student project.  The comma is the European equivalent of the decimal point.]
In sports, many fans attribute the result of their favorite team in looking at its past results.  Past results can lead a part of the answer but how many years should we take in account?

The first part of this project will be to analyze the basketball won-loss record from the won-loss records in years 1995-2004 for 12 teams. To do that, I will begin by choosing 12 teams that was there in the last 10 years and then, I will calculate their won-loss record for each year. There will be six teams in the Eastern Conference and six teams in the Western Conference.
Then, I will ask me the question: how many years are really needed to predict the won-loss record for 2005?  Can I assume that there are correlations between the predictions of 2005 and the ones for 2004?

Finally, I will compare Eastern and Western Conferences to see if they act in the same way.  I will use the Chow test to show that.

1-Optimal regression equation
I decided to choose 12 different teams that still exist in 2005 and which existed 10 years ago.  I took six teams in the Eastern Conference and six teams in the Western Conference. The first step of the project was to define the appropriate number of independent parameters.  Let us assume that the independent parameters are the won-loss records of each year that we use to do the regression.  So, we must try to define the optimal number of years that will be necessary to predict the won-loss record for 2005.
The way to determine how many years we should use is in part by analyzing the p-value and the other is in looking at the adjusted R².  But, before doing this, I check the correlation of the won-loss records.  The correlations tell us the maximum number of years to use in the regression analysis.  If the correlation for lag k is slightly different from zero, we might use that lag in the regression analysis. With a matrix 12X10, I did the average for each lag. Here are the results:

	Lag
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Corr
	56,8%
	35,1%
	16,4%
	-3,3%
	-16,1%
	-24,9%
	-19,9%
	-21,3%
	-31,3%
	-18,0%


We can see that a maximum of three years can be useful in the prediction of won-loss record for 2005. Now, the way to find the optimal number of years is in performing the regression analysis for 1 year, 2 years and 3 years.
[NEAS: The candidate begins by examining the correlations between years.  She correctly notes that the regression analysis focus on the p-values and the adjusted R2.  The correlations indicate the maximum number of past years that might be relevant.

If you have taken the time series course, you may note that the correlations look like an AR(1) process with a slope coefficient of about 58%.  The correlations for the first three lags would be 58%, 58%2 = 33.64%, and 58%3 = 19.51%.  The actual correlations are so close that the difference is probably random fluctuation.

The correlations for the last five lags seem high.  The candidate uses only ten years of data (1995-2004).  The fewer degrees of freedom for the larger lags over-states the correlations.  The time series course uses sample autocorrelations, which correct for the different degrees of freedom.]
To decide how many years to choose we must use the following procedure:
· If the correlation of lag k is close to zero, we ignore year k and older. We expect positive correlations for more years than we use in the regression equation.

· If the adjusted R² does not increase, the added year does not help. A decrease in the adjusted R² is unambiguous. A slight increase is less clear.

· If a regression coefficient is negative, we may be using too many years.

· If the t statistic for a regression coefficient is not significant, we may ignore the year. We use a significant level, such as a p value of 20 % or 25 %.

[NEAS: The candidate lists the criteria for selecting the optimal number of years.  The candidate intends the fourth bullet point to say: “We use a lenient significance level, such as a p-value of 20% or 25%.”  The phrase got jumbled in the translation from French.]
Here are the results for the basketball data:

	 
	Adjusted R²
	Reg. Coeff. 1
	Reg. Coeff. 2
	Reg. Coeff. 3

	1 year
	0,11109009
	0,32285198
	
	

	2 years
	0,01351066
	0,34345843
	-0,03375895
	

	3 years
	-0,10852845
	0,33684294
	-0,0656821
	0,0391105


As strange as it can be, in looking at those results, it means that even if we add 1 year, we will not improve the accuracy of the prediction. Indeed, we can see this in looking the adjusted R² which decrease while adding variables. Even more, the regression coefficient 2 is negative while adding variables.

[NEAS: The correlations suggest that an autoregressive process of order 1 may be optimal.  The R2 is the square of the simple correlation.  The simple correlation is about 56.8%, and its square is 56.8%2 = 0.323.  The candidate’s table shows the adjusted R2 as 0.111 and the first regression coefficient as 0.323.  The adjusted R2's in her table are too low and decline too rapidly as the number of past years increases.  The first regression coefficient stays relatively stable, increasing slightly from one to two past years and then decreasing slightly for three past years.  This is the pattern expected for the adjusted R2.  The figures in the table are mistaken; ignore them as you review this write-up.  As you complete your student project, keep the relations among figures and the expected patterns in mind. This helps you avoid typos.]
[NEAS: With a starting roster of 5 players, low stochasticity, and a high number of games in the season, we don’t expect more than one lag for basketball.  Actuaries would say that the most recent 100 games  or so give useful information.  Once we have extracted this information, the next 100 games don’t add much.]

A part of the answer why we cannot use many years to predict the future results in basketball can be that a single player can definitely change the result of a team. If a good player is chosen by a team, it can change the entire team, because that’s him that will do a big part of the points.  
2- F-test
The second part of the project was to use the F-test for a null hypothesis. I decided to test if the regression equation was the same for the Western Conference and for the Eastern Conference.  To do this, there are two ways to perform:
· by using dummy variables

· with separate regression equations

I chose to do this with separate regression equations. The null hypothesis is that the regression equation for the Western Conference data is the same that the one for the Eastern Conference. I chose to perform the Chow-test.

Even if, in the first part I decided to optimize the regression equation with 1 year of data, I put 5 years of data to get more data points.
[NEAS: For the F test, the candidate uses five past years.  The NEAS project template says that if the optimal regression equation has more than five past years, you can use five past years for the F test.  The candidate inferred that if the optimal regression equation has fewer than five past years, she should use five past years for the F test.  But the second through fifth past years are not significant, and the high multicollinearity distorts the F test.
The correlation of lag 1 is  56.8%. The four extra past years add multicollinearity but no information.  If the optimal  regression equation is more than 5 years, you can use 5 years for the F test.  If the optimal regression equation is less than 5 years, use the optimal number of years.  Using 5 years does not give more data points.]
I consider the following equations:
Yi=(1+(2X2i+…+(kXki+(i
Yj=(1+(2X2j+…+(kXkj+(j
where we subscript the variables with i to denote observations running from 1 to N, which are the data for the Western Conference. In the second equation we subscript with j the variables running from 1 to M, which are the data for the Eastern Conference. Suppose we estimate the model implied by the two equations by applying ordinary least squares to each individually. Since no restrictions have been placed on the parameters, we can calculate the unrestricted sum of squares as the sum of the error sums of squares of the individual equations, ESSUR = ESS1+ESS2 . The number of degrees of freedom is the sum of the number of degrees of freedom in each individual regression, that is, (N-k) + (M-k) = N + M -2k
The regression model can be written in a single equation

Yi=(1+(2X2i+…+(kXki+(i
where the subscript I now runs from observation 1 to observation N + M. Now we estimate that equation using ordinary least squares and calculate the restricted sum of squares ESSR.

The appropriate F statistic is 

Fk; N+M-2k=(ESSR-ESSUR) / k
                ESSUR/(N+M-2k)
When I try to run the regression analysis with six teams in each Conference, I was not able to get results, so for the use of the project, I add two teams in each conference

We have 8 parameters (k).  ESSR= 0.22278 and ESSUR= 0.14389. N and M have the same number of data which is 40.

We will reject the null hypothesis if F is greater than the critical value. The value of F is 4.39 which is greater than the critical value that is between 2.97 and 3.01. That means that we reject the hypothesis that Western Conference and Eastern Conference have the same regression analysis. This also means that teams in Western and Eastern Conferences act totally differently each other. It is impossible to predict next year’s result using the same regression equation.
This can be explained in part by the number of teams that I used.  It is possible that if I had used all teams in each of the two conferences, there would have been differences in results. In the first part of the project, we saw that win-loss records can change radically one year from another simply by the draft pick or by a single player. It can also explain why we cannot compare the two Conferences.
Conclusion
It would be interesting to be able to predict next year’s result using the result in past years.  I have tried it with data of basketball teams in the NBA.  First of all, I tried to see what was the optimal number of years and what was the correlation between years.  I realize that it was very difficult to predict results of basketball with past years’ results. It can be explained in part by draft pick which can change radically results of a team for many years.  Indeed, a single player can make the difference between a team that wins and a team that loses often.  In basketball, contrary to other sports, a player that is chosen in draft pick will be ready to play. That’s why it is very hard to predict results.  There are so many factors that influence results that even if we have many past years, results won’t be conclusive. 

In the second part, it was interesting to see if teams in the two Conference act in the same way.  I used only eight teams in each Conference, so maybe the result would change if I had used all teams of each Conference. Using the Chow test, I realize that the teams in the two Conferences totally differently each other, meaning that we reject the null hypothesis that they have the same regression equation. 

It would be interesting to make the same project with football or baseball teams and even to compare two sports together to see if we can use the same regression equation.  It would also be interesting to see if we can use more years to predict results in other sports that basketball.   
[NEAS: The candidate concludes that the two groups of teams act totally differently.  The errors in the project design lead to this conclusion; a better analysis gives a different result.  We encourage you to do similar student projects for basketball, football, and hockey.

~
Do not use more years for the F test than are significant.

~
If you do not use all teams, rebalance each division to a 50% overall won-loss record.  This is not necessary to get credit for the student project, but unless you rebalance, you are likely to reject the null hypothesis when it is true.

~
Use data points in the analysis, and check the degrees of freedom for the numerator and denominator of the F test.]
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