FINAL EXAM
A. This is an example of a multiple linear regression analysis, where X2, X3, and X4 are multiple independent or predictor variables, and Y is the dependent or the response variable. X5 is the trend variable that accounts for changes that can affect the data due to time (e.g., inflation).
	The multiple linear regression model is:

where βi are the coefficients for variables Xi where i = 2, 3, and 4, and γ is the time trend coefficient.
	The hypotheses for this model are:
Ho: β2 = β3 = β4 = 0; the independent variables X2, X3, and X4 have no effect on variable Y.
Ha: βi ≠ 0 for at least one i; the independent variable Xi has an effect on variable Y.

B. The final regression equation is

This was calculated from Statdisk.
Number of Columns Used:  5
Dependent Column:        2
Coeff, b0:               10816.04325
Coeff, b2:               -2227.70436
Coeff, b3:               1251.14120
Coeff, b4:               6.28299
Coeff, b5:               -197.39994
Total Variation:         62596356.00000
Explained Variation:     52249136.39865
Unexplained Variation:   10347219.60135
Standard Error:          969.87439
Coeff of Det, R^2:       0.83470
Adjusted R^2:            0.77459
P-Value:                 0.00028

C. Of the three regression coefficients, β3 is the smallest which could mean that the average wholesale price of carnations per dozen has minimal effect on the quantity of roses sold. I tried removing X4 from the equation, and thus the equation becomes:

Number of Columns Used:  4
Dependent Column:        2
Coeff, b0:               11894.94364
Coeff, b2:               -2250.13280
Coeff, b3:               1265.44196
Coeff, b4:               -188.45893
Total Variation:         62596356.00000
Explained Variation:     52209535.42563
Unexplained Variation:   10386820.57437
Standard Error:          930.35928
Coeff of Det, R^2:       0.83407
Adjusted R^2:            0.79258
P-Value:                 0.00006
However, there was only a slight improvement in the p-value from 0.00028 to 0.00006. Other than that, even at the original equation where X4 is integrated, the model is significant enough even at α = 0.001. It is better to leave it in the model, since it is still proven from the initial p-value that X4, along with the other variables, influence Y.
Thus, the final model is still


D. The r2 for the model is 0.83470 and the adjusted r2 is 0.77459. The adjusted r2 should be used since there are many predictors used for the model. The greater the number of predictors, the higher the chance of the r2 to increase; the adjusted r2 accounts for this phenomenon.

E. The standard error is 969.87439, which is around 12.69% of the average quantity of roses sold per dozen from 1971 to 1975 (7,645). This standard error means that the predictive ability of the model is accurate only up to around ± 969.87439 roses sold. This means that the model has quite a large variation, and that its predictive ability is average to high (the smaller the standard error, the more accurate the model).

F. A probable polynomial model for this set of data is

Using a forward selection approach, I was able to get the following model and statistics.

Number of Columns Used:  8
Dependent Column:        1
Coeff, b0:               -20867.59973
Coeff, b2:               -2520.97908
Coeff, b3:               31910.72354
Coeff, b4:               -185.42386
Coeff, b5:               -242.28341
Coeff, b6:               55.07465
Coeff, b7:               -1400.99604
Coeff, b8:               -4605.73435
Total Variation:         62596356.00000
Explained Variation:     57394547.74046
Unexplained Variation:   5201808.25954
Standard Error:          806.36594
Coeff of Det, R^2:       0.91690
Adjusted R^2:            0.84419
P-Value:                 0.00094
This was the highest I can get without the p-value exceeding α = 0.001. I decided to keep the model since the standard error was reduced to 806.36594 from the original 969.87439. This means that the model became more accurate as the polynomial predictors were added. The final model is


G. Since the adjusted r2 = 0.84419 and is near 1, we can say that the model has a good fit (the closer the value of r2 to 1, the better the fit of the model). The standard error is also relatively small compared to the average Y, 7645 (10.5%).
Validating the model by using the data from 1971.3:


Getting the percent error:


H. Autocorrelation was tested using the Durbin-Watson test. The calculated value is 2.29532, which is in between 2 and 4, which indicates negative correlation, but is still relatively normal since it is in between 1.5 and 2.5.

I. We can look at the residual plot to check on the normality of the model.
[image: ]
	Since the points are scattered randomly, we can say that the model exhibits normality.
	We can look at the linearity of the model based on the adjusted r2 value. Since it is near 1, there is a high probability of the relationship between the independent variables and the dependent variable.
	We can determine the independence of errors by looking at the actual vs predicted plot. There is no relationship observed in the plot. There is also no pattern observed, so we can say that the variances of the residuals are the same for each value.
[image: ]
	

J. The final model is 

Using a pareto diagram we can illustrate the extent of effect of each predictor variable to the dependent variable.
[image: ]
The one with the highest effect to the quantity of roses sold per year is X2 or the average wholesale price of roses. The coefficient is negative, which means there is an inverse relationship between the two – that as the prices go down, sales would go up. The next variable with the highest effect is X3 or the average wholesale price of carnations. The coefficient is positive, which means that the relationship is direct. This means that the increase in the price of carnations would drive people to buy roses instead. The third variable is X4 or the average weekly family disposable income, which has a negative coefficient. This is not expected – what is expected is a direct relationship between the two, that as the disposable income decreases, the sales would also decrease.
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