Solutions Midterm Exam I
Statistics 101

October 18 2004

Question 1.
A.(i) There are two possibilities: either mean=7.69% and standard deviation=7.90% or median=7.94% and IQR=9.96-5.53%=4.43% for center and dispersion respectively.

(ii) There appear to be outliers, particularly at the negative end. If you choose mean then new mean is calculated by: we have n=1533-2=1531 new observations and so the total 

new score is 1533(7.6918)-(-60.71+57.83)=11794.4  and so the new mean is  11794.4/1531=7.7. If you choose the median there will be no change.
B. (i) We see from the normal quantile plot that the dots (data) are not in line (it snakes). Specifically, the lower values are too low and the higher values are too high implying a fatter tail.

(ii) We have Z0.1=-1.28, and so assuming normality we have 7.69-1.28(7.9)=-2.42%. The empirical value from the table is 0.038%, so there is a rather big discrepancy.

C. (i) The upper limit is Q3+1.5IQR=9.96+1.5(4.43)=16.61
          The lower limit is Q1-1.5IQR=5.53-1.5(4.43)=-1.12
(ii) Assuming X is normal with mean 7.69 and standard deviation 7.90 we compute P(X≤-1.12)  and P(X≥16.61) or P(Z≤-1.12)=0.132 and P(Z≥1.13)=1-0.871=0.129. Hence the probability is approximately 0.26.
(iii) Since each observation has a probability of 0.26 of being an outlier the expected number is 1533(0.26)=399.

D. (i) R2=(-0.2835)2=0.08. Hence 8% of the variability in 1993 returns is accounted for by 1992 returns.
(ii) Using (Ypredicted-Ybar)/sY=r(X-Xbar)/sX=-0.2835(57.83-7.69)/7.9=-1.8, we have (Y-redicted-14.86)/13.68=-1.8 and so Y-predicted=-9.75%.
Question 2.
A.(i) Y-predicted is 55.96-8.87(8)=-15!
(ii) First of all, Y needs to be non-negative so A(i) makes no sense. Secondly, the residual plot shows that the relationship is non-linear.

B. (i)log(predicted)=11.29-1.98(8)=-4.55. Therefore the predicted value is 
exp(-4.55)=0.01.
(ii) We need the natural log of shocks to exceed log(0.0125)=-4.38. The mean at a severity level of 8 is -4.55 and the standard deviation is the RMSE=0.1336. Now 
P(Z>(-4.38+4.55)/0.1336)=P(Z>1.24)=0.1020.
C. (i)Need to consider the log model on its original scale. It is best in general to compare RMSE. Yvs X has RMSE of 8.07 and log(Y) vs X has RMSE of 1.80. You can also in this case compare R-squared values on the original scale (98% for log(Y) and 63% for Y.
(ii) The residual plot of log(shocks) versus severity shows the possibility of an outlier at X=4. Perhaps the regression should be run only using the X-values beginning with 4.5.
Question 3.
A. (i) On average, the price of a diamond increases by $3,721 as the number of carats increases by 1. (Since the range of carats is 0.1 to 0.35, it is perhaps more sensible to consider an increase by 0.05 carats.) This will yield an average increase in price of $3.721(0.05)=$186.05.

(ii) The residual plot does not indicate that there are any outliers. The pattern looks like a ‘swarm’ hence a linear relationship (at least over the range of carats in the data set) is reasonable.

B. (i) Predicted price is -259.63+3721(0.25)=670 (approximately). A price of $700 is therefore a little high. It certainly does not appear to be a good steal.
(ii) Assuming as always normality, taking a mean of 670 and a standard deviation=RMSE=31.84 we have P(price>700)=P(Z>(700-670)/31.84)=P(Z>0.94)=0.17.

C. (i) Since the average residual from the regression in Parts A and B is zero, if there is no effect the average residuals should be zero for each level of clarity.

(ii) The description suggests that not only are better clarity diamonds more expensive (adding residuals deals with this issue) but that the slopes are also different. This model assumes that all the slopes are the same. It would be better to run separate regressions.

D. The RMSE is 31.84 without clarity. If clarity is taken into account the standard deviations of 20.12 (high), 23.31 (low) and 17.43(middle) are considerably lower. Hence predictions taking clarity into account are more accurate.
Question 4.
A. (i) We have low-23.81%, middle-25.71% and upper-30.74%, so plainly the higher aged individuals appear to be the best market to promote.

(ii) Since we are only concerned with proportions the fact that there might be totals different from 273, 280, and 257 for the respective age groups should not necessarily change your answer in A(i).

(iii) Fractions of buyer are: low-40% of 23.81=9.5%,middle-40% of 25.71= 10.28%, and upper-20% of 30.74=12.96%. Hence middle is the best age group.
B.

	
	Low income

(Fig 4b)
	Middle income

(Fig 4c)
	Upper income

(Fig 4d)

	Low
	19.75%
	25.51%
	61.54%

	Middle
	13.00%
	20.72%
	52.17%

	Upper
	7.50%
	15.63%
	50.41%


Plainly, the low age bracket is best for all cases. This is Simpson’s paradox as the order is reversed based on the aggregate count in Figure 4a. Higher income people tend to say that they will buy more frequently and also tend to be older. When we ignore income the older people look like good prospects potentially because they tend to have higher income.
