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2.  Keep your eyes on your own paper.  If you believe that someone sitting near you is cheating, raise your hand and quietly inform me of this.  I'll keep an eye peeled, and your anonymity will be respected.  
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4.  Be sure your correctly record your student number on your scantron, and blacken in the corresponding digits.  Failure to do so will cost you 10 points on this exam!

Pledge:  On my honor as a JMU student, I pledge that I have neither given nor received

  unauthorized assistance on this examination.  


Signature ______________________________________        

Possibly Useful Excel Functions

=BINOMDIST(# successes, # trials, prob of success, TRUE or FALSE) 

	=POISSON(# successes, mean, TRUE or FALSE)

	=NORMSDIST(z value)                                     
	

	=NORMSINV(probability)
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        Note:  Some of the quantities on this test are given names different from the traditional ps, p, s, x, etc.  Don’t let this get in your way.  A population proportion is a population proportion, whether I call it p or not.  You can always temporarily rename quantities while you solve the problem.



Introduction

Psychic hotlines make money by telling the fortunes of those who call.  In questions 1 to 36 below, we will investigate two different such psychic hotlines, Psychic Net and Madame Cleopatra.  Questions 1to16 deal with Psychic Net.  Questions 17 to 36 deal with Madame Cleopatra.

The Psychic Net Scenario (Questions 1 to 16)

A call to Psychic Net is free for the first minute of the call.  After that, the caller is charged $2 for each minute (or fraction of a minute), up to a maximum charge of $10.  (For example, a 4.25 minute call would be charged $8.)  Let R represent the revenue (in dollars) earned on a randomly selected call. The probability distribution for R is shown in the table below.  Assume that each phone call’s duration is independent of the duration of all other calls.

	Call revenue, R
	$0
	$2
	$4
	$6
	$8
	$10

	Probability
	0.1
	0.05
	0.25
	0.2
	0.15
	0.25


1. What fraction of Psychic Net’s calls generate a revenue of $6 or more?

a)  20%

b)  30%
c)  40%
d)  50%
e)  60%

2.  What fraction of Psychic net’s calls last three minutes or less?

a)  15%

b)  30%
c)  40%
d)  50%
e)  60%

3.  What is the average amount of revenue that Psychic Net makes on a call?

a)  $4.00

b)  $5.00
c)  $5.65
d)  $6.00
e)  $7.00

4. Consider these three statements.  Identify those statements that are true.

I.  R is a continuous random variable. 

II.  P(R = 5) = 0.

III. R is independent of the length of the call.

a)  I only
b)  II only
c)  III only
d)  I and II, but not III
 
e)  I, II and III

5. Suppose that Psychic Net increased its revenue for every call by $0.50, so that calls of 1 minute or less would generate 50 cents, calls between 1 and 2 minutes would generate $2.50 revenue, and so on.  What effect would this have on the standard deviation of R?  

a) The standard deviation of R would drop by $0.50.

b) The standard deviation of R would drop by $0.25.

c) The standard deviation of R would remain the same.

d) The standard deviation of R would increase by $0.25

e) The standard deviation of R would increase by $0.50.

Questions 6 – 9 continue with the Psychic Net scenario.  Here is some additional information that will be needed for these questions:  On average, Psychic Net receives 20 calls per hour, but the number of calls received in any given hour, K, is a random variable that is distributed according to a Poisson distribution.  The distribution of K is shown in the graph below.  
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6. Poisson distributions occur for random variables when three assumptions are met.   The three observations which would lead us to expect a Poisson distribution for the number of calls received by Psychic Net in an hour are given below.  Along with them is a fourth assumption that has no relevance to the presence or absence of a Poisson distribution.  Identify this irrelevant observation.

a) The chance of two calls arriving in the same second is practically zero. 

b) The average number of calls expected per day is sufficiently large (over 100).  

c) The chance of a phone call arriving in any one second is the same as the chance of a call arriving in any other.  

d) The arrival of a call in one second has no influence on whether a call arrives during any other second.

7. (No calculation required!)  The standard deviation of K is approximately

a)  4

b)  8

c)  10

d)  15

e)  20

8. What is the probability that, during the next hour, less than 15 people will call Psychic Net?  The answer to this question could be found in Excel by typing 

a) =POISSON(14,20,TRUE)

b) =POISSON(15,20,TRUE)

c) =POISSON(15,20,FALSE)

d) =POISSON(14,6,FALSE)

e) =1 – POISSON(15,5,TRUE)

9. Based on the appearance of the graph, we could reasonably approximate this Poisson distribution by a(n)

a) binomial distribution with p = 0.088

b) binomial distribution with p = 0.200

c) exponential distribution with Kmin = 7 and Kmax = 34

d) normal distribution with ( = 0.088

e) normal distribution with ( = 20.0

· Questions 10 to 16 restrict our attention to the next 27 calls that Psychic Net receives.  We continue to assume that the duration of any call is independent of the duration of any other call.  Recall that 10% of all calls last 1 minute or less, and hence are free.  F will represent the number of free calls among the next 27 calls.  25% of all calls are “extended calls” that last more than 5 minutes.  X (for “extended”) will represent the number of extended calls among the next 27 calls.
10. The information provided allows us to conclude that F is binomially distributed.  Which of the following observations is NOT used in concluding that F is binomially distributed?

a) Whether any given call is free is independent from whether any other given call is free.

b) Each call is either a free call or it is not.

c) The probability that any given call will be a free call is always the same.

d) The probability of a call being free is more than 5% and less than 95%.

11. What is E(F), the expected value of F?

a)  0.0577
b)  0.1
          c)  1.56

d)  2.7

e)  3


12.  To the right are the values resulting from the indicated Excel calculations.  Use them to find the probability that at least 3 of the next 27 calls to Psychic net will be free.  The answer is closest to

	=BINOMDIST(2,27,0.1,TRUE)
	0.485

	=BINOMDIST(3,27,0.1,TRUE)
	0.718

	=BINOMDIST(4,27,0.1,TRUE)
	0.873

	=BINOMDIST(5,27,0.1,TRUE)
	0.953


a)  20%

b)  30%
c)  50%
d)  70%
e)  90%

13. Use the table in problem 13 to find the probability that exactly 3 of the next 27 calls to Psychic Net are free.  The answer is 

a)  0.127

b)  0.156
c)  0.233
d)  0.282
e)  0.389

14.  Use the table in problem 13 to find the probability that exactly 3 or exactly 4 of the next 27 calls to Psychic Net are free.

a)  0.127

b)  0.156
c)  0.233
d)  0.282
e)  0.389

15. Compare the standard deviation of F to the standard deviation of X.  Which statement best characterizes the comparison?

a) The standard deviations of F and X are both 0.

b) The standard deviations of F and X are equal, but are not zero.

c) The standard deviation of F is larger than the standard deviation of X.

d) The standard deviation of X is larger than the standard deviation of F.

e) The standard deviation of F, or of X, or of both, are undefined.  No comparison can thus be made.

16. Think about the meaning of the quantity represented by the Excel expression =BINOMDIST(3, 27, 0.1, FALSE).  Logically, which of the following must be equal to this quantity?  (Hint:  You can count calls that aren’t free, you know!)

a) =    BINOMDIST(24, 27, 0.1, FALSE)

b) =    BINOMDIST(24, 27, 0.9, FALSE)

c) = 1-BINOMDIST(24, 27, 0.1, FALSE)

d) = 1-BINOMDIST(24, 27, 0.9, FALSE)

e) =    BINOMDIST(  3, 24, 0.1, FALSE) 

End of Psychic Net Scenario.  Madame Cleopatra Scenario Begins.
Madame Cleopatra, the telephone psychic, works alone.  The duration of her calls is normally distributed with a mean of seven minutes and a standard deviation of two minutes.  

17.   About 95% of all phone calls to Madame Cleopatra would last between

a) 6 and 8 minutes

b) 5 and 9 minutes

c) 4 and 10 minutes

d) 3 and 11 minutes

e) 1 and 15 minutes

18. Compute the z-score of a phone call that is 5.5 minutes in duration.  It is

a)  -1.5

b)  -0.75
c)  -0.6

d)  0.6

e)  1.5  

19. What Excel calculation would give the fraction of Madame Cleopatra’s calls that last 5 MINUTES OR LESS?

a) =NORMSDIST(-1)

b) =NORMSINV(-1)

c) =NORMSDIST(5)

d) =NORMSINV(5)

e) =NORMSDIST(-2)

20. What Excel calculation would give the fraction of Madame Cleopatra’s calls that last LESS THAN 5 minutes?

a) =NORMSDIST(-1)

b) =NORMSINV(-1.5)

c) =NORMSDIST(4)

d) =NORMSINV(5)

e) =NORMSDIST(-2)

21. How does the graph of the normal curve representing call duration in minutes compare to the standard normal curve?

a) It is narrower than the standard, and peaks to the left of the standard.

b) It is narrower than the standard, and peaks to the right of the standard.

c) It is wider than the standard, and peaks to the left of the standard.

d) It is wider than the standard, and peaks to the right of the standard.  

e) It has the same width as the standard and/or peaks in the same place as the standard.

22. Recall that Madame Cleopatra’s calls have durations which are normally distributed with a  mean of 7 minutes and a standard deviation of 2 minutes.  70% of all of Madame Cleopatra’s calls have a duration between 7 – x minutes and 7 + x minutes, where x is the appropriate positive number.  What Excel calculation would allow us to find the value of x?  

a) = NORMSINV(0.7)

b) = 2*NORMSINV(0.7)

c) = NORMSINV(0.85)

d) = 2*NORMSINV(0.85)

e) = 1 – NORMSINV(0.35)

23. Let X be the number of hours that Madame Cleopatra works on any given day.  Assume that X is exponentially distributed with a mean of 5 hours.  According to your book, then, the probability that she works h hours or less on a given day is given by 

P(X < h) = 1 –   e-0.2h

What calculation would tell us how likely is it that Madame Cleopatra works between 3 and 5 hours on a given day?

a)  e-1 – e-0.6
b)  e-0.6 – e-1
  c)  1 – e-1.6
  d)  (1 – e-0.6)(1 – e-1)

e)  none of these calculations would be the correct answer to this question.

Questions 24 through 33 assume that we randomly select 4 calls from all of the calls that Madame Cleopatra has received.  Let the durations of these four calls (in minutes) be represented by the random variables d1, d2, d3 and d4.  (d1 is the duration of the first call selected, and so on.)   The average duration of these four calls, (d1 + d2 + d3 + d4)/4, will be represented by the random variable A.  Recall that the duration one of Madame Cleopatra’s calls is normally distributed with a mean of seven minutes and a standard deviation of two minutes.

24. (\s\up-2(1))  eq \o\al(\s\up-2(d))
 = 

a)  0.5

b)  1

c)    eq \r(2)

d)  2

e)  4

25. (\s\up-2(1))  eq \o\al(\s\up-2(d))
 = 

a)  7/4

b)  7/2

c)  7

d)  7/  eq \r(2)
e)    eq \r(7/2)
26. Which of the following is necessarily true about the distribution of the variable A?  (Note that “normally distributed” means either exactly normally distributed or approximately normally distributed.)

a) It is normally distributed, since the population of call durations is normally distributed.

b) It is normally distributed because the sample size is small.

c) It is normally distributed because the sample size is large.

d) It is normally distributed because sampling distributions of the mean are normally distributed in all problems.

e) There is insufficient information to allow us to conclude that D is normally distributed.

27. (A = 

a)  0.5

b)  1

c)    eq \r(2)

d)  2

e)  4

28. (A = 

a)  7/4

b)  7/2

c)  7

d)  7/  eq \r(2)
e)    eq \r(7/2)
29. How likely is it that first call selected for our sample lasts between 8 and 9 minutes?

a) =NORMSDIST(1) – NORMSDIST(0.5)

b) =NORMSDIST(2) – NORMSDIST(1)

c) =NORMSDIST(4) – NORMSDIST(2)

d) =NORMSDIST(9) – NORMSDIST(8)

e) =NORMSINV(9) – NORMSINV(8)

30. How likely is it that the average duration of the four selected calls was between 8 and 9 minutes?

a) =NORMSDIST(1) – NORMSDIST(0.5)

b) =NORMSDIST(2) – NORMSDIST(1)

c) =NORMSDIST(4) – NORMSDIST(2)

d) =NORMSDIST(9) – NORMSDIST(8)

e) =NORMSINV(9) – NORMSINV(8)

Questions 31-33 continue with the Madame Cleopatra scenario.  They assume that we take a second, independent sample of 100 calls.  Let the random variable A100 be the average duration of the 100 selected calls.  As before, A represents the average duration of the previously described sample of four calls.

31. Compare the sizes of the mean of A and the mean of A100.  

a) The mean of A is 25 times bigger than the mean of A100. 
b) The mean of A is 5 times bigger than the mean of A100.

c) The mean of A is equal to the mean of A100.

d) The mean of A100 is 5 times bigger than the mean of A.

e) The mean of A100 is 25 times bigger than the mean of A.

32. Compare the sizes of (A and (\s\up-2(100))  eq \o\al(\s\up-2(A))
.

a) (A is 25 times bigger than (\s\up-2(100))  eq \o\al(\s\up-2(A))
.

b) (A is 5 times bigger than (\s\up-2(100))  eq \o\al(\s\up-2(A))
.

c) (A is equal to (\s\up-2(100))  eq \o\al(\s\up-2(A))
.

d) (\s\up-2(100))  eq \o\al(\s\up-2(A))
 is 5 times bigger than (A.
e) (\s\up-2(100))  eq \o\al(\s\up-2(A))
 is 25 times bigger than (A.
33. For this question only, imagine that we learn that the duration of calls to Madame Cleopatra have a mean duration of seven minutes and a standard deviation of two minutes, but that the distribution of these call durations is not normal.  Further suppose that we are interested in finding P(A < 6) and P(A100 < 6).  Given this information and access to Excel, which of the following statements is correct?

a) We cannot compute reliable values for P(A < 6) or P(A100 < 6).  

b) We can compute a reliable value for P(A < 6), but not for P(A100 < 6).  

c) We can compute a reliable value for P(A100 < 6), but not for P(A < 6).  

d) We can compute a reliable value for P(A < 6) as well as for P(A100 < 6).

e) P(A < 6) and P(A100 < 6) are defined only if call durations are normally distributed.

Questions 34-37 focus only on “long calls” to Madame Cleopatra, where a “long call” is defined as a call that lasts at least 5 minutes.  The probability that a randomly selected call is a long call is 0.84, and you may use this figure in answering the questions below.  

We record the next 50 calls received by Madame Cleopatra, and then compute the fraction of these 50 calls that last 5 minutes or more.  We call this fraction, f.  To make sure that this is clear, here’s an example:  if 16 of the 50 calls lasted 5 minutes or more, then f would equal 16/50 = 0.32.  Clearly, f is a random variable.

34. The standard deviation of f is about

a)  0.01
b)  0.05
c)  0.10
d)  0.20

e)  0.22

35. We can approximate the distribution of f by a normal distribution.  We can do this because

a) The sample size is at least 30.

b) The duration of phone calls is normally distributed.

c) 50(0.84) and 50(0.16) are both at least 5.

d) Every binomial distribution is well approximated by a normal distribution.

e) f is a continuous random variable with a symmetric distribution.

36. What Excel computation would give the exact probability that at least half of the 50 calls in the sample were long calls?

a) =       BINOMDIST(25,  50,  0.84,  TRUE)

b) = 1 – BINOMDIST(24,  50,  0. 84, TRUE)

c) =       NORMDIST (0.5, 42,  0.052, TRUE)

d) =       NORMDIST (25,  50,  0.052, TRUE)

e) = 1 – NORMDIST (25,  50,  0.052, TRUE)

End of Psychic Hotline Scenario

37. The Central Limit Theorem relates a population distribution to the sampling distribution of the mean.  It says, in part, that these two distributions have the same

a)  median
b)  mean
c)  standard deviation

d)  shape
e)  probability 

Answers:  (Read vertically)
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