Regression Analysis

Independent Variable is Interval Level of Measurement

Dependent Variable is Interval Level of Measurement

As a capstone to all our statistical formulas, we will finish with a study of Regression Analysis. The Regression Analysis has an Independent Variable (X variable) that is measured at an Interval Level of Measurement and a Dependent Variable (Y variable) that is measured at an Interval level of measurement. Regression Analysis is the process of explaining the association between 2 variables, the IV and the DV. This association/relationship is defined by a mathematical equation that illustrates a straight line that will go through the IV and the DV. If the line moves from upward from left to right, we have a positive relationship between the IV and the DV. As the DV moves up, so does the IV. If we have a line that moves left to right in a downward fashion, we will have a negative relationship between the 2 variables. As the DV moves down the IV moves up. 
Regression Analysis is the process of determining the degree to which the dependent variable (Y) is explained by the Independent variable (X). The research question we ask is; “How well can I predict the values of variable such as annual income (Y), by knowing the values of another variable, such as level of education (X)?”

The requirements for Regression Analysis are:

1. IV (X variable) is measured at an interval level of measurement

2. DV (Y variable) is measured at an interval level of measurement

3. As the Y variable changes it changes the X variable
4. Relationship between the X and Y variable is illustrated in a linear manner (straight line).

5. Relationship of the IV (X) and DV (Y) are illustrated on a scatter-plot

6. The values of the DV (Y) are plotted vertically on the scatter-plot

7. The values of the IV (X) are plotted horizontally on the scatter-plot

8. A straight line is specified by it’s “SLOPE” (B) and it’s Y-Intercept (A)

9. The slope of a line designated by the symbol B is the amount of change in Y per unit change in X (a slope of 1 means that Y increase 1 unit for each 1 unit increase in the value of X)

10. The rise is up if the Slope (B) is a positive number and down if the slope is a negative number.

Here are some classic examples of variables that may be related by a straight line:

	Dependent Variable (Y)
	Independent Variable (X)

	Income
	Education

	Atmospheric Pollution
	# of Cars of the Road

	Cost
	# of Employees

	Salaries
	Seniority

	School Funds
	Students served

	Nursing Funds
	Patient Census

	Unemployment Insurance
	Homocide Rates


At this point, you are scratching your head and saying to yourself; “I HATE STATS”….but wait….Hermis is here and Regression Analysis can be done in 5…count them 5 easy steps! Let’s take a look at a classic economic example. 
Please look at the following table below. This table represents a classic data-set that illustrates the IV as an Interval level of measurement and the DV as an Interval level of measurement. In this classic table (which you often see similar ones in Wall Street Journal or other Academic Journals), the IV (X Variable) is the Corporate Tax Rate. The DV (Y Variable) is the Rate of Fixed Capital Formation. The countries are the units of analysis (N = 7).
	Country
	Independent Variable X 

Corporate Taxes

% of gross domestic product
	Dependent Variable Y

Fixed capital formation

% of gross domestic product

	Japan
	19.62%
	27.80%

	Italy
	9.34%
	18.20%

	Canada
	7.46%
	18.10%

	France
	4.29%
	18.90%

	Germany
	5.14%
	20.30%

	United Kingdom
	10.84%
	17.40%

	United States
	5.52%
	17.90%


Fixed capital formation and corporate taxes as percentage of gross domestic product 1983

Economic theory suggests that there is a relationship between fixed capital formation (investing in equipment and real estate) and tax rates. In this case, we have 2 variables; the Dependent variable (Y) is fixed capital formation and the Independent variable (X) is corporate taxes. Both variables are at an interval level of measurement. This is the seed of productivity and wealth. 

“Economists caution that the rate of return for a corporation depends upon the effective tax rates, including tax incentives. A reduction in corporate tax rates, they suggest, will not offset elimination of other tax policies such as the investment tax credit, the reduction of depreciation allowances or the broadening of the minimum tax. These changes will not only lower the incentives to invest by sharply raise the total burden of taxation on the corporate sector, thereby offsetting the benefits of lower statutory rates.”
Bruce Bartlett, “Tax Bill a concern at home and abroad: How Many Border Crossings?” Wall Street Journal, September 10, 1986, p. 30

The research question we ask in this case is:

Is the taxation rate for the corporate sector associated with the rate of fixed capital formation?
 
We are going to walk through all 4 steps of the Regression Analysis Process together:

 
Step 1: Plot your IV (X) and DV (Y) on a Scatter plot
See the chart below
[image: image1.wmf]Scatter Diagram
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Step 2: You must find the values of the following symbols in order to do the Slope and Y-Intercept formulas. The symbols are as follows:

	SYMBOLS

	Xi

	∑Xi

	Xbar

	Yi

	∑Yi

	Ybar

	X ∙ Y

	X2

	Y2


To find these symbols, take the original table and expand as follows:
	COUNTRY
	CORPORATE TAXES

(X)
	FIXED CAPITAL

(Y)
	X · Y
	X2
	Y2

	JAPAN
	.1962
	.2780
	.0545
	.0385
	.0773

	ITALY
	.0934
	.1820
	.0170
	.0087
	.0331

	CANADA
	.0746
	.1810
	.0135
	.0056
	.0328

	FRANCE
	.0429
	.1890
	.0081
	.0018
	.0357

	GERMANY
	.0514
	.2030
	.0104
	.0026
	.0412

	UNITED KINGDOM
	.1084
	.1740
	.0189
	.0118
	.0303

	UNITED STATES
	.0552
	.1790
	.0099
	.0030
	.0320 

	TOTAL
	∑Xi = .6221
	∑Yi = 1.3860
	∑ = .1323
	∑ = .0720
	∑ = .2824

	MEANS
	Xbar = .0889
	Ybar = .1980
	
	
	


Step 3: Find the Least Squares Residual Regression Line (Error). This is where we calculate the slope (B). This is to determine the best fit. Currently, the scatter plot is set up so that no one particular line is defining any relationship. As a result, there will be lots of error as we can draw an infinite amount of straight lines through all the different data points plotted. The Best Fit Straight line will be defined as the one line that will minimize the sum of the squared residuals and accurately define the relationship between the IV (X) and the DV (Y). The formula for slope (B) is as follows:
	B = N · ∑ (Xi · Yi) - ∑ Xi · ∑ Yi

	           N · ∑ ((Xi  )2) - (∑ Xi)2


Look at the symbols that you have established:

	SYMBOLS
	VALUE

	Xi
	Individual data point

	∑Xi
	.6221

	Xbar
	.0889

	Yi
	Individual data point

	∑Yi
	1.3860

	Ybar
	.1980

	X ∙ Y
	.1323

	X2
	.0720

	Y2
	.2824

	N 
	7


Do you have enough information to solve for slope (B)? YES
	
	 7 · (.1323) - (.6221) (1.3860)

	B=
	    7 · (.0720) - (.6221)2
	

	
	
	
	

	B=
	.9261 - .8622= .0639
	

	
	.504 - .3870= 0.117

	
	
	
	

	B=
	0.0639
	
	

	
	0.117
	
	

	
	
	
	

	B=
	0.5461
	
	

	
	
	
	

	Slope B=
	0.5461
	
	


Step 4: Calculate the Y Intercept

Y = A + B∙X
You know B (.5461), in order to calculate the Y you must find out what value A is going to be. Utilize the same values of symbols to solve for A.
A = ∑Yi – B ∙ ∑Xi
               N
A = 1.3860 - .5461 ∙ .6221


7

A = .1495

B = .5461

Y = .1495 + .5461 ∙ X

Go to the Minimum value of X and the Maximum value of X in order to find the 2 points that the line will go through.

Maximum value of X = .1962 (Japan)

Minimum value of X = .0429 (France)

Y = .1495 + .5461 ∙ .1962 = .2566
Y = .1495 + .5461 ∙ .0429 = .1729
Maximum point is plotted at Y = .2566 and X = .1962

Minimum point is plotted at Y = .1729 and X = .0429

Step 5: Plot your data point on the Scatter-Plot to define the relationship
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What a coincidence, the line runs through Xbar (.0889) and Ybar (.1980). As you can see based on this simple 5 step process, anyone can determine if a relationship exists between a DV (Y variable) and an IV (X variable). Now go to the main room to answer DQ’s related to this lecture. 
