Chapter 4 Assignment

Technical Problems: 1, 4, 5, 6, 7, 9, 10, 11 

Applied Problems: 1, 2, 3, 4
CHAPTER 4: 
BASIC ESTIMATION TECHNIQUES
I.
 DEFINITIONS

A. 
Parameters: The coefficients in an equation that determine the exact mathematical relation among the variables.

B. Parameters Estimations: The process of finding the estimates of the numerical values of the parameters of an equation. Parameter estimates are called statistics.

C.
Regression Analysis: A statistical technique for estimating parameters.

D. Dependent Variable: Variable being explained.

E. Independent Variable: Explanatory variable.

F. Intercept Parameter: The parameter that gives the value of Y at the point where the regression line crosses the Y axis; i.e. the independent variable has a value of 0.

G. 
Slope Parameter: The slope of the regression line, b = ΔY/ΔX; i.e. the change in Y associated with a one unit change in X.

H. 
Random Error Term: Unobservable term added to a regression model to capture the effects of all the minor, unpredictable factors that affect Y but cannot reasonably be included as explanatory variables. Term represents:

a. Net effect of a large number of small and irregular forces at work.

b. Measurement errors in independent variables.

c. Captures random human behavior.

I. 
Simple Linear Regression: Dependent variable is related to one independent variable in a linear function.   
II
.  METHOD OF LEAST SQUARES

A) Definition: A method for estimating the parameters of a linear regression equation by finding the line that minimizes the sum of the squared distances of the sample points (observations) to the regression line.
     
B) 
Scatter Diagram Example
     
C) 
Definitions 
           1. Time Series Data 

           2. Cross Section Data 

           3. Fitted or Predicted Value: 

               The predicted value of Y associated with 




    a particular value of X, which is obtained  



    by substitutes the value of X into the   
                   
           regression equation.

           4. Estimators: Formulas for calculating parameter estimates.
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III Hypothetical Illustration of Regression Model
A. Example: Relationship between sales and advertising. (Table 4.2) (Figure 4.2)




      Sample: 7 travel agencies



   Population: 475 travel agencies in Tampa 




Bay Area
B.
Process

    1)
True Relationship: 

         S = a + bA

         Estimated Relationship:  
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2) S = 11,573 + 4.9719A


3) Computer Printouts : Table 4.3

C.  Fitted or predicted value of sales for an advertising budget of $ 10,000 


S = 11,573 + 4.9719(10,000)

IV.
 TESTING FOR STATISTICAL SIGNIFICANCE
A. Terms.

1.  Hypothesis Testing: The process of determining whether or not to accept a hypothesis with respect to a parameter.

2.  Statistical Significance: Exists if evidence from the sample indicates that the true value of the 


 parameter is not 0.
3.  Relative Frequency Distribution: The 

 
distribution and relative frequency of values 

 
b can take because observations on Y and X 


come from random samples.

4. Unbiased Estimator: An estimator that 
produces estimates that on average are equal to  
the true value of the parameter. (Figure 4.3)
5. Standard Error of the Estimate Sb
-The square root of the estimated variance b.

-The smaller the standard error, the more likely 
the estimated value is close to the true value.
6. t-statistics
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V.
PERFORMING THE TEST
A. Critical value of t.

The value that the t-statistic must exceed in order 
to reject the hypothesis b = 0.
B. Choosing critical value

1. 
Level of Significance: The probability that a statistical test will reject a null hypothesis when in fact the hypothesis is correct. (Usually 1%, 5%, 10% are chosen) Gives you the probability of making a type 1 error, which is finding a parameter estimate is statistically significant when it is not.
2. 
Level of confidence: 
      a. 1 – Level of significance 

      b. Probability of not committing a type I      
error.
3. 
Degrees of Freedom: The number of observations in the sample minus the number of parameters being estimated by the regression analysis.  (n – k)
C. Test on Advertising and Sales.
      Ho: b = 0



 Ha: b ≠ 0


1. Choose critical value: t 0.05, 5 = 2.571




 (t –table; page 688)

     2. t-statistic =
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Reject the null hypothesis. That is, b is 


  
statistically significant. 

     3. p-value: 

     

 The exact level of significance of a test 




 statistic.  It gives the exact probability of  




 committing a type I error. 
          p-value of  0.01 means the exact level of   


     significance = 1%.  Alternatively, the exact  

      level of confidence is 99%.

V.
 EVALUATION OF THE EQUATION
A. Coefficient of Determination R2
1. Defined: The total variation in the dependent variable that is explained by the regression equation.

2. R2 = Total Explained Variation

                Total Variation in Y



3. R2 is between 0 and 1.
     4. Correlation versus Causation.

          a. High and Low Correlation (Figure 4.4)   
B. F-statistic

1. A statistic used to test whether the overall regression equation is statically significant.

2. The test involves comparing the F-statistic to the critical F-value 
    a. The F-statistic has k–1 degrees of freedom in the numerator and n – k degrees of freedom in the denominator.
VI 
HYPOTHETICAL EXAMPLE OF SIMPLE LINEAR REGRESSION 
(ILLUSTRATION 4.1) (Cross Section Data)

1. Value of the firm regressed on R&D expenditures: Cross sectional data for 20 firms







V = a + bR
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     2.  Flawed contact lenses regressed on hours of 



inspection (time-series data)

                F = a + bH
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VI. 
MULTIPLE REGRESSION MODEL
A. Defined: Regression model that uses more than one explanatory variable to explain the variation in the dependent variable.


B. 
Model


Y=a + bX + cW + dZ

C.  Parameter Estimates: Measure the change in Y for a one unit change in X, the rest of the explanatory variables held constant.

D.
Hypothetical Example.
1. 
Average cost of insurance premiums in 20 Californian counties regressed on number of claims per thousand insured vehicles and the average dollars amount of each bodily claim.  (Illustration 4.2)





          P = a + b1N + b2C
VII. 
NONLINEAR REGRESSION ANALYSIS:

A. Quadratic Regression Model.

1. Often used to estimate cost curves for firms.
2. Form 







Y = a + bX + cX2
3. 
To estimate, the model must be transformed to a model that is linear in the coefficients.

a) Create a new variable Z which equals X2 estimate. Y = a + bX + cZ


4. Example: Figure 4.5

            a) Predict Y when X = 10.
VIII. 
LOG-LINEAR REGRESSION MODEL
A. Often used for demand curve (figure 4.6) 
 


B. Functional Form:

     Y = aXbZc

Note: parameters b and c are elasticities.

b = 
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C. Transformation:

1. Take natural logs of both sides of equation.





ln Y = ln a + b ln X + c ln Z



2. Define 
                 Y' = ln Y






X' = ln X






Z' = ln Z






a' = ln a

3. Now, you are estimating a linear regression equation of the form: Y' = a' + bX' + cZ'
D. Example: Figure 4.6



1. Y = aXb



2. Transformation

          ln Y = ln a + b ln X



3. Define

          Y' = ln Y   



   X' = ln X



   a' = ln a



4. Estimate: Y' = a' + bX'
5. Regression Equation: Computer Print Out: Page 145


6. Expressing Equation in Exponential Form



a. â = antilog (11.06) = e11.06 = 63,575

          b.  Slope parameter on ln X is the exponent     in log-linear equation.






b = -0.96




c. Y = 63,575X-0.96
E. Predict value of Y, when X = 90 

     ln Y = ln a + b ln X 

     ln Y = 11.06 – 0.96 ln (90)

     ln Y = 11.06 – 0.96 (4.5)

     ln Y = 11.06 – 4.32

     ln Y = 6.74

     Take antilog of 6.74
     Y = 845
F.  Predict the value of Y from the exponential equation when X = 90.
     Y = 63,575X-.96 

     Y = 63,575 (90)-.96
        Y = 63,575 (.0133)
            Y = 845 
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