Mat 217

Exam 3 Study Guide
Exam 3 is scheduled for Tuesday, April 19th, over these sections: 4.2, 4.3, 4.4, 5.1, 5.2, 7.1.  The exam will be held in CFA 111.  We will have an in-class review session on Friday 4/15 for last-minute questions; you should begin your own reviewing before then, of course.
Many of the exam questions will be taken directly from the reading and from the study problems I’ve assigned. The best way to study for this exam is to review the text examples and section summaries, work numerous exercises, and work to master any concepts you're still struggling with.  
Main topics to review from the textbook:
1. Sample space (p.260)

2. Disjoint events (p.262)

3. Independent events (p.267)

4. Five probability rules (p.271)

5. Discrete random variables (p.278)

6. Continuous random variables (p.283)

7. Rules for means (p.298)

8. Rules for variances (p.302)

9. The Binomial Setting (p.335)

10. Binomial Distributions (p.336)

11. Sampling count X (p.337)

12. Sample proportion 
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(p.341-342)
13. Sampling distribution of a sample mean (p.362)

14. Central limit theorem (p.362)

15. Standard error (p.450)

16. One-sample t confidence interval (p.452 – use calculator dialog)

17. One-sample t test (p.454 – use calculator dialog)

18. Matched pairs t procedures (p.459)

19. Practical guidelines for using the t procedures (p.463 bullet points)
As you’re studying, make use of the section summaries to make sure you are picking up the key vocabulary and concepts from each section.  Remember to bring your calculator to the exam.  
You may create two handwritten 3-by-5 index cards of formulas and other information for use on the exam.  If there is a formula, concept, example, or calculator operation you want to be sure to remember, put the information on your cards.  I will provide a copy of table A with the exam.
PRACTICE PROBLEMS (not exhaustive of the types of questions which might appear, but good for practice)
1. Sheila’s doctor is concerned that she may suffer from gestational diabetes.  There is variation both in the actual glucose level in her blood and in the results of the blood test that measures the level.  A patient is classified as having gestational diabetes if the glucose level is above 140 mg/dl one hour after a sugary drink is ingested.  Sheila’s measured glucose level one hour after ingesting the sugary drink varies according to a normal distribution with µ = 125 mg/dl and σ = 10 mg/dl.

a. If a single glucose measurement is made, what is the probability that Sheila is diagnosed as having gestational diabetes?

b. If measurements are made instead on 4 separate days and the mean result of 4 tests is compared with the 140 mg/dl cutoff, what is the probability that Sheila is diagnosed as having gestational diabetes?

2. A five-card poker hand is dealt.  X = number of face cards -- jacks, queens, kings – out of 5.  
(a)  Does X follow a binomial distribution?  Explain.
(b)  Use the variable X and mathematical notation to express the event, “at least one of the five cards is a face card.”  
(c)  Find the probability that at least one of the five cards is a face card.
3.  X is a continuous random variable, uniformly distributed on [0, 2].  Find the following.

(a) P(X < 0)

(b) P(X < 1)

(c) P(X  = 1)

(d) P(X > 1.5)

(e) The mean of X.
4.  X and Y are independent random variables.  Both have mean = 5 and standard deviation = 2.  Find the following:

(a) mean of X + Y

(b) variance of X + Y

(c) standard deviation of X + Y

(d) variance of X - Y

(e) standard deviation of X – Y

(f)  mean of 3X + 7

(g) variance of 3X + 7

(h) standard deviation of 3X + 7

5.  X is a random variable.  
(a)  Explain why it makes sense that X and X + 10 have the same variance and standard deviation.  How do their means compare?
(b)  Are X+X+X and 3*X the same random variable?  Do they have the same mean?  Do they have the same variance?  Explain.
6.  The number of flaws per square yard in a type of carpet material varies with mean 1.6 flaws per square yard and standard deviation 1.2 flaws per square yard.  This population distribution cannot be normal, because a count takes only whole-number values while a normal distribution takes values over the set of all real numbers.  An inspector studies 200 square yards of the material, records the number of flaws found in each square yard, and calculates
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, the mean number of flaws per square yard inspected.  Use the Central Limit Theorem to find the approximate probability that the mean number of flaws 
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 exceeds 1.8 flaws per square yard.
7.  In a process for manufacturing glassware, glass stems are sealed by heating them in a flame.  The temperature of the flame varies a bit.  Here is the distribution of the temperature X measured in degrees Celsius:

	Temperature
	540
	545
	550
	555
	560

	Probability
	0.1
	0.25
	0.3
	0.25
	0.1


(a)  Find the mean of X (include units):  _________    
(b)  Find the variance of X (include units):

(b)  Find the standard deviation of X (include units):  _________

(c)  The conversion of X into degrees Fahrenheit is given by Y = 32 + 1.8*X.  
· Show how to find the mean of Y from the mean of X. 
· Show how to find the standard deviation of Y from the standard deviation of X.

8.  A fair coin is tossed three times.  X = the number of times “heads” appears.

(a)  Consider the event A:  X > 0.  Find the probability of event A.

(b)  Consider the event B:  On the first toss, “tails” appears.  Find the probability of event B.

(c)  Are A and B disjoint?  ______  Explain:

(d)  Are A and B independent?  _______  Explain:

(e)  Find P(A and B) = _______ .

9.  The idea of insurance is that we all face risks that are unlikely but carry high cost.  (Think of a fire destroying your home.)  So we form a group to share the risk:  we all pay a small amount, and the insurance policy pays a large amount to those few of us whose homes burn down.  An insurance company looks at the records for millions of homeowners and sees that the mean loss from fire in a year is $250 per house and that the standard deviation of the loss is $1000.  The distribution of loss amounts is extremely skewed to the right because most people have $0 loss.  The company plans to sell fire insurance for $250 plus enough to cover its costs and profit.

a.  Explain clearly why it would be unwise to sell only 12 policies.  Then explain why selling many thousands of such policies is a safe business.

b.  If the company sells 10,000 policies,  what is the approximate probability that the average loss in a year will be more than $275?

10.  A hole in an engine block is 2.5 cm in diameter.  Shafts manufactured to go through this hole must have 0.0225 cm clearance for unforced fit.  That is, shaft diameter cannot exceed 2.475 cm.  The shafts vary in diameter according to a normal distribution with mean 2.4 cm and standard deviation 0.04 cm.  What percent of shafts will fit into the hole in the engine block?

11.  An opinion poll asks an SRS of 400 adults, “Do you smoke?”  Suppose that the population proportion who smoke is p = 0.13.  To estimate p, we use the proportion 
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of individuals in the sample who answer “Yes.”  The statistic
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is a random variable that is approximately normally distributed with mean 0.13 and standard deviation 0.0168.  Use Table A to answer (a) and (b).
(a)  Find the probability that 
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is within one percentage point of the correct proportion: 
P(0.12 < 
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< 0.14).

(b)  Find the probability that 
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is more than two percentage points away from the correct proportion.

(c)  If the sample size were 1000 instead of 400, would the mean of 
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change?  Would the variability of 
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change?  Explain.

12.  The gypsy moth is a serious threat to oak and aspen trees.  A state agriculture department places traps throughout the state to detect the moths.  When traps are checked periodically, the mean number of moths trapped is only 0.5, but some traps have several moths.  The distribution of moth counts is discrete and strongly skewed, with standard deviation 0.7.
a.  What are the mean and standard deviation of the average number of moths in 50 random traps?

b.  Use the Central Limit Theorem to find the probability that the average number of moths in 50 traps is more than 0.6.

13.  Roll a fair 6-sided die ten times in a row.  What is the probability of getting no 6’s in ten rolls?
14.  Government data on job-related deaths assign a single occupation for each such death that occurs in the U.S.  The data show that the probability is 0.134 that a randomly chosen death was agriculture-related, and 0.119 that it was manufacturing-related.  

a. What is the probability that a death was either agriculture-related or manufacturing-related?  ________

b. What is the probability that the death was related to some other occupation?  _______
15.  What is estimated by the “standard error”?  Explain.

16.  Is it correct to use the t-test on sample data when the sample size is less than 15?  Explain.
17.  A grocery store gives its customers cards that may win them one of four prize amounts when matched with other cards.  The back of the card announces the following probabilities of winning various amounts if a customer visits the store 10 times:

	Amount Won
	$10
	$50
	$200
	$1000

	Probability
	.05
	.01
	.001
	.0001


(a)  What is the probability of winning nothing?
(b)  What is the mean amount won?

(c)  What is the standard deviation of the amount won?

18.  A study by a federal agency concludes that polygraph (“lie detector”) tests given to truthful persons have a probability of about 0.2 (20%) of suggesting that the person is lying.  A firm asks 50 job applicants about thefts from previous employers, using a polygraph to assess the truth of their responses.  Suppose that all 50 applicants really do tell the truth.  Let X represent the number of applicants who are determined to be lying according to the polygraph.

(a)  What is the distribution of X?  (Type of distribution, mean, standard deviation.)

(b)  Find the probability that at least five applicants are determined to be lying, even though they all told the truth.  Show your work clearly.

19.  In 1993, Mark McGwire of the St. Louis Cardinals hit 70 home runs, a new Major League record.  Was this feat as surprising as most of us thought?  In the three seasons before 1998, McGwire hit a home run in 11.6% of his times at bat.  He went to bat 509 times in 1998.  If he continues his past performance, McGwire's home run count in 509 times at bat has approximately the binomial distribution with n = 509 and p = 0.116.  Based on these figures:



(a)  What is the mean number of home runs McGwire will hit in 509 times at bat? ________


(b)  What is the probability that he hits 70 or more home runs in 509 times at bat?  ________  


(c)  What is the probability that he hits 2 or more home runs in 10 times at bat?  ________

20. A sample survey asks a nationwide random sample of 500 adults if they agree or disagree that “I like dogs more than cats.”  Suppose that 60% of all adults would agree with this statement.  
(a)  Over many samples of size 500, what is the mean proportion of the sample who would agree?
(b)  Over many samples of size 500, what is the standard deviation of the proportion of the sample who would agree?
(c)  Use Table A to estimate the probability that in a random sample of size 500, the proportion of the sample who agree is at least 58%?
21. In using the t test to determine whether the mean nicotine content of a brand of cigarettes is greater than the advertised value of 1.4 mg…

a. State the null hypothesis.

b. State the alternative hypothesis.

c. Find the test statistic and P-value if a random sample of 100 cigarettes contains a mean nicotine content of 1.43 mg and the sample standard deviation is 0.15 mg.

d. State your conclusion in a clear English sentence.

e. Find the 95% t-confidence interval for the population mean nicotine content, and interpret the interval.

22. The level of calcium in the blood in healthy young adults varies with mean about 9.5 mg/dl.  A clinic in rural Guatemala measures the blood calcium level of a random sample of 160 healthy pregnant women at their first visit for prenatal care.  The sample mean is 9.37 and the sample standard deviation is 1.05 mg/dl.  

a. Carry out a t-test (show all steps) and answer this question:  Do we have convincing evidence that the mean blood calcium level in healthy young pregnant Guatemalan women differs from 9.5 mg/dl?
b. Use a 95% t-confidence interval to estimate the population mean blood calcium content, and interpret the interval.
23. Twenty rolls of a 6-sided die gives the following results:  
5, 6, 2, 5, 3, 6, 2, 3, 5, 6, 6, 3, 6, 4, 4, 6, 6, 6, 6, 6
a. Carry out a t-test (show all steps) and answer this question:  Do we have convincing evidence that the mean roll for this die, overall, is not equal to what it should be for a fair die (3.5)?

b. Use a 95% t-confidence interval to estimate the population mean roll for this die and interpret your result.
Answer key for exam 2 study questions
1. (a) 0.0668  (b) 0.0013  
2. (a)  Not binomial because the trials are not independent and hence the probability p of a face-card changes as more and more cards are drawn from the deck.  Drawing a card from the deck changes the proportion of face cards among the remaining cards.  (b)  X > 0  (c)  P(X > 0) = 1 – P(X = 0) = .7468

3.  (a) 0 (b) .5 (c) 0 (d) .25 (e) 1

4.  (a) 10 (b) 8 (c) 2.8284 (d) 8 (e) 2.8284 (f) 22 (g) 36 (h) 6

5.  (a)  The values of X + 10 are spread out exactly the same around their mean as are the values of X (the X + 10 values are just shifted right10); so the variance of X + 10 is the same as the variance of X.  This means the standard deviations are also equal.  The mean, of course, shifts right by10:  
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.  (b)  These are different distributions with the same mean.  X+X+X represents the sum of the independent observations of the random variable X, but 3*X represents a single observation which is then multiplied by three.  The means are equal (justify using 4.4 formulas) but the variances are not equal; 3*X has a higher variance than does X+X+X (justify these claims using 4.4 formulas).
6.  0.0091
7.  (a) 550 deg. C (b) 32.5 degrees2 C (c) 5.70 deg. C (d) 
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8.  (a) 7/8 (b) ½ (c) no.  THH, THT, and TTH are outcomes in both events.  (d) no.  When B happens, A is less likely to happen.  (e)  P(THH or THT or TTH) = 1/8 + 1/8 + 1/8 = 3/8.

9.  (a)  If one of the 12 houses burns down, the company will have a net loss of hundreds of thousands of dollars.  On the other hand, if many policies are sold, according to the Central Limit Theorem the mean loss per household will be very close to $250 and so the total loss is very predictable.  By selling many policies, the insurance company can dependably collect enough in premiums to cover costs and profit.
(b)  0.0062
10.  97%
11.  (a)  0.4448  (b)  0.234  (c)  With a larger sample size, p-hat will have the same mean (p = 0.13) but a smaller standard deviation.
12.  (a)  mean of x-bar is 0.5; standard deviation of x-bar is 0.0990

(b)  0.1562
13.  0.1615
14.  (a) .253 (b) .747

15.  The standard error, SE = 
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, is used to estimate the standard deviation of 
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when the population standard deviation (σ) is unknown.  
16.  Possibly.  When sample size is less than 15, we should only use t procedures if the data are close to normal.  If data are clearly non-normal or if outliers are present, do not use t procedures for such a small sample size.
17.  (a) .9389 (b) $1.30 (c) $12.97
18.  (a)  X is binomial with mean 10 and standard deviation 2.8284.  X is also approximately normal:  X ~ N(10,2.8284).

(b)  Using X = B(50,.2), P(X ≥ 5) = 1 - P(X < 5) = .9815.  Using the normal approximation, 
P(X ≥ 5) is about .9616.
19. (a) np = 59.044  (b) Using binomcdf, it’s .0764  (c)  Using binomcdf, it’s .3184

20.  (a)  mean of p-hat = p = .60  (b)  st dev of p-hat = 
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(c)  Since np ≥ 10 and n(1-p) ≥ 10, we can use the normal approximation for p-hat.  
z = 
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 = (.58 - .60) / 0.0219 = -0.91, so the right area of z is 1 - .1814 = .8186, or about 82%.
21.  (a)  Null:  µ = 1.4 (advertised value is correct on average)  Alternative:  µ > 1.4 (advertised value is too low)  (b)  t = 2, P = 0.0241.  (c)  We have strong evidence (P = 0.0241) that the advertised value is too low – the population mean nicotine content for this brand exceeds 1.4 mg.  (d)  The mean nicotine content is most likely between 1.4002 and 1.4598 mg.  It may be very close to the advertised value of 1.4 mg.
22. Research Question:  “Does the population mean blood calcium level in healthy young pregnant Guatemalan women differ from 9.5 mg/dl?”  Null hypothesis:  µ = 9.5; Alternative:  µ ≠ 9.5.  
t = -1.5661 and P = 0.1193.  Conclusion:  We do not have convincing evidence (P = 0.1193) that the mean blood calcium level in healthy young pregnant Guatemalan women differs from 9.5 mg/dl.  
The confidence interval for 95% confidence is (9.2061, 9.5339).  We are 95% confident that the population mean blood calcium level in healthy young pregnant Guatemalan women lies between these two values.  In particular, we cannot rule out the possibility that the population mean equals 9.5.
23. Null:  µ = 3.5; Alternative:  µ ≠ 3.5.  t = 3.9481 and P = .000863.  Conclusion:  We have very strong evidence (P = .000863) that this is not a fair die.  It tends to roll too high.  95% confidence interval = (4.1108, 5.4892).  The average roll for this die overall is most likely between 4.11 and 5.49.  Compared to the expected average of 3.5, this die rolls high too often.
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