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Department of lndustriat"Engineering and Management 

Indian Institute of Technology, Khargpur 
Statistical Decision Modelling (IM61007) 
End Semester Exam 2012-2013(Autumn) 

T. 3 hr Maximum Marks: 100 1me: s. 
Note: (i) Attempt ALL the questio\].s 

(ii) Symbols have their usu~l meaning 
(iii) Any missing data may b¢ assumed suitably giving proper justification 
(iv) Use of Statistical Tabl~s is permitted 

Question 1 (15] 
(a) The calculated z for a hypothesis test is -1.75. What is the P-value if the test is (a) left-tailed and (b) 

two-tailed? 
(b) The null hypothesis is f.1:::; 12. The test statistic is Z. Assuming that other things remain the same, will 

the P-value increase or decrease when (a) population standard deviation increases and (b) sample size 
increases? Justify your answer. 

(c) If X is a random variable that follows F distribution, i.e. X~F(v~. v2) and another random variable is 
defined as Y = 1/X, Show that Y ~ F(v2, v1). 

(d) Show that Var(i) = 2ch(n- 1). 
(e) It is convention to define null hypothesis as equality. Why? 

Question 2 (20] 
(a) Two different analytical tests can be used to determine ~he impurity level in steel alloys. Eight 

specimens are tested using both procedures, and the results are shown in Table 1. Is there sufficient 
evidence to conclude that both tests give the same mean impurity level, using a = 0.01? 

Table 1: Data for Question 2(a) 
Specimen Test 1 Test 2 
1 1.2 1.4 
2 1.3 1.7 
3 1.5 1.5 
4 1.4 1.3 
5 1.7 2.0 
6 1.8 2.1 
7 1.4 1.7 
8 . 1.3 1.6 

Table 2: Data for Question 3(b) 
Miles driven (thousands), x 

1 
2 
5 
10 
20 
30 
40 
50 

Percentage usable, y 
98.2 
91.7 
81.3 
64.0 
36.4 
32.6 
17.1 
11.3 

(b) A car manufacturer uses a special type of bearing in different car models, which is supplied by a 
vendor. The bearing is supposed to have a nominal inside diameter of 1.5 inches. A random sample of 
25 bearings is selected from a lot shipped by the vendor and the average inside diameter of these 
bearings is calculated as 1.4975 inches. Bearing diameter is known to be normally distributed with 
standard deviation 0.01 inch. 
(i) What should be the decision of the manufacturer about the lot based on statistical test conducted at 

a= 0.01? 
(ii) Compute the power of the test if the true mean diameter is 1.495 inches. 
(iii) Explain how the question in part (i) could be answered by constructing a confidence interval on 

the mean diameter. 
(iv) What is the smallest level of significance at which the manufacturer would be willing to reject the 

lot? 
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Question 3 [20] · · • 
(a) Suppose we wish to fit a regression PlOdel for which the tnie regression line passes through the point 

(0, 0). The appropriate model is y =f3x + e. Assume that we have n pairs of data (xh y1), (x2, y2), ••• , 

(Xn,Yn). 
(i) Find the least squares estimate of f3. 
(ii) Show that the estimate of f3 found in part (i) is an unbiased estimator. 
(iii) Derive the expression for variance of estimate of f3. 

(b) Table 2 (page 1) shows data on the percentage of the high-performance radial tires made by a 
manufacturer that are still usable after having been driven for the given numbers of miles. 
(i) The relationship between miles driven (x) and percentage usable (y) can be best described by 

exponential function y = a.pt. Find the estimates of a and p using the method of least squares. 
(ii) Use the result of part (i) to estimate the percentage of the manufacturers high-performance radial 

tires that will last 25,000 miles. 

Question 4 [20] 
(a) From time to· time, Bank of America comes out with its Free and Easy Travelers Cheques 

Sweepstakes, designed to increase the amounts of traveler's cheques sold. Since the amount bought 
per customer determines the customer's chances of winning a prize, a manager claims that, during 
sweepstakes time, the proportion of traveler's cheque buyers who buy more than $2,500 worth of 
cheques will be at least 10% higher than the proportion of traveler's chequb buyers who buy more 
than $2,500 worth of checks when there are no sweepstakes. A random sample of 300 traveler's 
cheque buyers, taken when the sweepstakes are on, reveals that 120 of these people bought checks for 
more than $2,500. A random sample of 700 traveler's check buyers, taken when no sweepstakes 
prizes are offered, reveals that 140 of these people bought checks for more than $2,500. 
(i) Formulate the null and alternate hypothesis. 
(ii) Test the formulated hypothesis at a= 0.1% 
(iii) What is Margin of error for a= 0.1% 
(iv) What should be the confidence level if the difference between the two proportions of interest is 

anywhere from 0.137 to 0.263. 

(b) Assume you are financial analyst for a Insurance Company. You want to compare dividend yields 
between stocks listed on the NYSE and NASDAQ. You collect the following data: 

Sample Size 
Sample Mean 
Sample standard Deviation 

NYSE 
21 
3.27 
1.30 

NASDAQ 
21 
2.53 
1.16 

(i) Assuming equal vari~nces, is there a difference in average yield at a= 0.01 level? 
(ii) Construct a 99% confidence interval for the difference in population average yields of the stocks listed 

on NYSE and NASDAQ. 
(iii) Is there a difference in the variances between the NYSE & NASDAQ at a= 0.01 level? 

Question 5 [25} 
National Foods has developed a new sports beverage it would like to advertise on Super Bowl Sunday. 
National's advertising agency can purchase either one, two, or three 30-second commercials advertising 
the drink. It estimates that the return will be based on Super Bowl viewership, which in turn, is based on 
fans' perception of whether the game is "dull," "average," "above average," or "exciting." 
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National Foods' ad agency has constructed the following payoff table giving its estimate of the 
expected profit (in $100,000's) resulting from purchasing one, two, or three advertising spots. (Another 
possible decision is for national Foods not to advertise at all during the Super Bowl). The states of nature 
correspond to the game being "dull," "average," "above average," or "exciting." 

Number of30-second Perceived Game Excitement 
Commercials Purchased Dull Average Above Average Exciting 
One -2 3 7 . 13 
Two -5 6 12 18 
Three -9 5 13 22 

(a) What is the optimal decision if National Foods advertising manager (i) is optimistic? (ii) is 
pessimistic? (iii) wishes to minimize the finn's maximum regret? 

(b) Based on the past Super Bowl games, suppose the decision maker believes that the following 
probabilities hold for the states of nature: P(Dull Game) 0.20, P(Average Game) = 0.40, P(Above 
Average Game) = 0.3 0 P(Exciting Game) = 0.10 
(i) Using the expected value criterion, determine how many commercials National Foods should 

purchase. 
(ii) Determine the expected value of perfect information. 

(c) Consider the probability information in part (b). The firm can hire the noted sport's pundit Jim Worden 
to give his opinion as to whether or not the Super Bowl game will be interesting. Suppose the 
following probabilities hold for Jim's predictions: 

P(Jim predicts game will be interestinglgame is dull) =0.15 
P(Jim predicts game will be interestinglgame is average)= 0.25 
P(Jim predicts game will be interestingjgame is above average)=0.50 
P(Jim predicts game will be interestinglgame is exciting)= 0.80 
P(Jim predicts game will not be intetestinglgame is dull) = 0.85 
P(Jim predicts game will not be interestinglgame is average)= 0.75 
P(Jim predicts game will not be interestinglgame is above average)= 0.50 
P(Jim predicts game will not be interestinglgame is exciting)= 0.20 

(i) Construct a decision tree for this problem. _ _ 
(ii) If Jim predicts the game will be interesting, what is the probability the game wiil be dull? 
(iii) What is the expected value of Jim's information? 
(iv) What is the optimal decision strategy for National Foods, and what is the expected profit? 
(v) If the option of hiring Jim Worden will cost National Foods an additional $50,000, should National 

Foods hire Jim Worden? Why or why not? What is the maximum that National Foods should be 
willing to pay for hiring? 
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