1. The owner of an apartment building in Eurelia believes that her property tax bill is too high because of an overassessment of the property value by the city tax assessor.  The owner has hired an independent real-estate appraiser to investigate the appropriateness of the city assessment.  The appraiser used regression analysis to explore the relationship between the sale prices of apartment buildings sold in Eurelia and various characteristics of the properties.  Twenty-five apartment buildings were selected at random from all the apartment buildings that were sold in a recent year.  The variables used were:
price = the sales price in Eurelian dollars

apts = the number of apartments in the building

age = the age of the structure in years

lotsize = the number of square feet in the lot

park = the number of on-site parking places

area = the gross building area in square feet

MODEL I
The regression equation is

price = 93074 + 4152 apts - 855 age + 0.92 lotsize + 2692 park + 15.5 area

Predictor        Coef       StDev          T        P

Constant        93074       28721       3.24    0.004

apts             4152        1492       2.78    0.012

age            -854.9       298.4      -2.86    0.010

lotsize         0.924       2.877       0.32    0.752

park             2692        1577       1.71    0.104

area           15.543       1.463      10.62    0.000

S = 33226       R-Sq = 98.0%     R-Sq(adj) = 97.5%

Analysis of Variance

Source            DF          SS          MS         F           P

Regression         5 1052890000000   210579000000    190.75    0.000

Residual Error    19 20975246806     1103960358

Total             24 1073870000000
MODEL II
The regression equation is

price = 99967 + 4444 apts - 886 age + 2606 park + 15.5 area

Predictor        Coef       StDev          T        P

Constant        99967       18661       5.36    0.000

apts             4444        1156       3.84    0.001

age            -886.5       275.4      -3.22    0.004

park             2606        1519       1.72    0.102

area           15.487       1.420      10.91    0.000

S = 32472       R-Sq = 98.0%     R-Sq(adj) = 97.6%

Analysis of Variance

Source            DF          SS          MS            F        P

Regression         4 1052780000000   263195000000    249.60    0.000

Residual Error    20 21089200172     1054460009

Total             24 1073870000000

MODEL III
The regression equation is

price = 114369 + 5036 apts - 1057 age + 15.0 area

Predictor        Coef       StDev          T        P

Constant       114369       17421       6.56    0.000

apts             5036        1153       4.37    0.000

age           -1057.0       268.5      -3.94    0.001

area           14.961       1.449      10.33    0.000

S = 33942       R-Sq = 97.7%     R-Sq(adj) = 97.4%

Analysis of Variance

Source            DF          SS          MS         F        P

Regression         *       *****       *****
  *****
0.000

Residual Error    ** 24193116945       *****
Total             **       *****
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QUESTIONS TO BE ANSWERED.  Wherever possible answers should be justified using numbers from the printouts.

a)
The owner has an 82-year-old building with 5 apartments but no parking spots.  The lot is 7500 square feet and the gross building area is 9542 square feet.  What sales price is predicted by MODEL I ?

b)
State why you know that all three models are significant for predicting the sales price.  Since this is the case, why would a statistician prefer MODEL III to MODEL II ?

c)
Fill the missing numbers in the analysis-of-variance table for MODEL III.

d)
From MODEL II to MODEL III the proportion of explained variation in sales price reduces from 98% to 97.7%.  Give precisely the reason you know that this is not a significant reduction in R2.

e)
Use MODEL III to answer this part.  On the average, what does an extra apartment add to the sales price?  Give a 95% confidence interval for the marginal contribution of the ‘apts’ variable.

2.
Continue to use the data of question 1.
a)
Create MODEL IV by regressing the sales price on the age of the building to get a simple-regression equation.  If you wish, you may use the following figures:


Σx = 1323, Σy = 7264338, Σx2= 86105, Σxy = 369378274, Σy2= 3184694213944
b)
What proportion of the variation in sales price is explained by the regression equation with ‘age’ as the predictor variable?

c)
Test whether the model is significant for predicting the sales price of apartment buildings in Eurelia.
d)
From MODEL III to MODEL IV the value of R2 decreases.  What number from the computer printouts in question 1 assures us that the amount of decrease is statistically significant?

e)
Fill out the analysis-of variance table for MODEL IV.

f)
Give a 90% prediction interval for the sales price of an 82-year-old apartment building in Eurelia.
3.
Continue to use the data of question 1.

a)
Test at the 5% level whether the mean age of apartment buildings in Eurelia is significantly greater than 50 years.

b)
How large a sample would be needed to establish a 96% confidence interval for the mean age of apartment buildings in Eurelia if the margin of error is to be ±18 months ?

c)
If the conclusion you reached in part a) is wrong because of an unlucky choice of sample, is the error a Type I error or a Type II error?

