Mat 217
11-20-06
Exam 3 Study Guide
Exam 3 will be Thursday 11-30-06, 7pm, in Science Center 137.  Note the change of room.  Don’t forget your calculators!  

Many of the questions on exam 3 will be adapted from the exercises I’ve assigned (sections 5.1, 5.2, 6.1, 6.2, and 6.3). The best way to study for this exam is to work lots of exercises and check your answers.  
The remainder of the questions will be based on lab questions, lecture notes, and reading material.  I especially recommend that you review the following topics and memorize those items which are not on the formula sheets:

· Sampling distribution of a statistic (p.263, p.366)

· The Binomial Setting (p.368)

· Binomial Distributions (p.368)

· Sampling distribution of a count (p.369)

· Sample proportion (p.373-376)

· Sampling distribution of a sample mean (p.395)

· Central limit theorem (p.397)

· Confidence intervals (p.419-420)

· Confidence interval for a population mean (p.422)

· How confidence intervals behave (p.423-424)

· Confidence interval cautions (p.426-427)

· Stating hypotheses (p.437-438)

· Test statistics (p.439)

· P-values (p.440-441)

· Z test for a population mean (p.445)

· Use and abuse of significance tests (p.466 summary)

As you’re studying, make use of the section summaries to make sure you are picking up the key vocabulary and concepts from each chapter.

You should know how to use your calculators for calculating 1-variable statistics, regression coefficients, random sampling (RandInt), etc. as we have been doing in class (perhaps none of this will come up on exam 3, but you never know).  You should also be able to find binomial probabilities using your calculator.  THIS WILL COME UP ON EXAM 3!

The following two pages contain the exact formula sheets I’ll provide you with for exam 3.  You’ll also have Table A.  

Sampling Distributions for Sample Count (X), Proportion (
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1.  Large samples situation:  When sample size is sufficiently large, sample count and sample proportion are both approximately normal.  Rule of thumb:  need 
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2.  Small samples situation:  When sample size is small, the situation is different.

· Sample count.  For any sample size, the sample count X is binomial.  When sample size is small, it is convenient to find the probability distribution of X using binompdf on your calculator. (X takes integer values from 0 to n.)

· Sample proportion.  For any sample size, the sample proportion 
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is not binomial but it is closely related since 
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= X / n.  When sample size is small, it is convenient to find the probabilities for 
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using binompdf on your calculator. (
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 takes fractional values 0, 1/n, 2/n, 3/n, …, (n-1)/n, 1.)

3.  Finding mean and standard deviation:  

· Sample count of successes (X) in an SRS of size n from a population containing proportion p of successes has the binomial mean and standard deviation:  
[image: image8.wmf]np

X

=

m

and 
[image: image9.wmf])

1

(

p

np

X

-

=

s

.

· Sample proportion of successes (
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) in an SRS of size n from a population containing proportion p of successes has similar formulas for mean and standard deviation, based on the rules in Section 4.4:  
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Sampling Distribution of the Sample Mean (
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1.  When sample size is sufficiently large, the sample mean has an approximately normal distribution. 
2.  For any sample size, if the base population variable is normally distributed then the sample mean is normally distributed.  

3.  If the base variable is not at least approximately normal and the sample size is not very large, then the distribution of the sample mean is not approximated by a normal distribution.  

4.  Mean and Standard Deviation:  The sample mean (
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) based on an SRS of size n from a population having mean 
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and standard deviation 
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Z procedures for estimating a population mean

1.  Confidence Intervals.
· A level C confidence interval for the mean μ of a normal population with known standard deviation σ, based on an SRS of size n, is given by 
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.  If the population is not normally distributed then the sample size should be large (at least 40).  z* is obtained from the bottom row in Table D:
	z*
	0.674
	0.841
	1.036
	1.282
	1.645
	1.960
	2.054
	2.326
	2.576
	2.807
	3.091
	3.291

	C
	50%
	60%
	70%
	80%
	90%
	95%
	96%
	98%
	99%
	99.5%
	99.8%
	99.9%


· The minimum sample size required to obtain a confidence interval of specified margin of error m for a normal mean μ is given by 
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where z* is obtained from the bottom row in Table D according to the desired level of confidence.  Round up to the next integer to get minimum acceptable sample size.
2.  Z Test for a Population Mean (σ known) .  If the sample mean is normally distributed and the population standard deviation is known to be σ, we can test hypotheses about the population mean μ as follows.  (If the population variable X is not normally distributed then the sample size n should be at least 40 to use a Z test.)
a.  Left-tail Z Test for a Population Mean:
· State the null hypothesis 
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and the alternative hypothesis 
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· Based on an SRS of size n from the population, calculate the sample mean 
[image: image24.wmf]x

 and the test statistic
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.  z is the standardized value of the observed sample mean assuming the null hypothesis is true.  

· Find the P-value, P = 
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· The smaller P is, the stronger the evidence against the null hypothesis and in favor of the alternative hypothesis.  It is common to reject the null hypothesis if P < .05 .

b.  In a right-tail Z test, the only changes are that the alternative hypothesis has the form 
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c.  In a two-tail Z test, the only changes are that the alternative hypothesis has the form 
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Exam #3, Chap. 5-6

PRACTICE PROBLEMS
1.  Which of the following questions does a test of significance answer (pick ONE):  ___

(a)  Is the observed effect important?

(b)  Is the observed effect due to chance?

(c)  Is the experiment properly designed?

(d)  Is the sampling method biased?

2.  The financial aid office of a university asks a sample of students about their employment and earnings.  The reports says that “for academic year earnings, no difference (P = 0.476) was found between the earnings of black and white students.”  Explain this conclusion in language understandable to someone who knows no statistics.

3.  State the null hypothesis H0 and the alternative hypothesis Ha for a significance test in the following situation:  The diameter of a spindle in a small motor is supposed to be 5 mm.  If the spindle is either too small or too large, the motor will not perform properly.  The manufacturer measures the diameter in a sample of motors to determine whether the mean diameter has moved away from the target.

H0 (in English and in symbols):

Ha (in English and in symbols):

4.  Statistics can help decide the authorship of literary works.  Sonnets by an Elizabethan poet are known to contain an average of 6.9 new words (words not used in the poet’s other works).  The standard deviation of the number of new words is 2.7.  Now a manuscript with 5 new sonnets has come to light, and scholars are debating whether it is the poet’s work.  The new sonnets contain an average of 10.2 words not used in the poet’s known works.  

We expect poems by a different author to contain more new words than poems by the same author, so to see if we have evidence that the new sonnets are not by our poet we test the following hypotheses:


[image: image31.wmf]9

.

6

:

9

.

6

:

0

>

=

m

m

a

H

H


Find the z test statistic and its P-value, showing your work clearly (if you use a table, indicate which one).  What do you conclude about the authorship of the newly-discovered poems?  State your conclusion clearly in sentence form.  Be very specific.

5.  What is the exact meaning of the P-value found in a test of significance?  
6.  A researcher uses an SRS of size 100 to estimate the mean height (in inches) of a 21-year-old American female.  Suppose the resulting 95% confidence interval is 65.7 ( 0.15.  Explain the exact meaning of the confidence level, 95%, in this context.

7.  A fair six-sided die is rolled three times.  X = the number of times “1” appears.

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

(b)  Make a table to display the probability distribution of X.

(c)  Find the mean and standard deviation of X.

(d)  Is X binomial?  ______  Is X normal?  ______  Explain.

8.  You plan to use an SRS to estimate the mean number of children per household in Indiana.  If it’s known (magic?) that the standard deviation for the number of children per household in Indiana is 1.4, what is the smallest sample size you can use to estimate the desired value to within  (0.1 with 99% confidence?

9.  Which of the following errors (indicate “yes” or “no” for each) are accounted for by the margin of error in a confidence interval?


________  error due to voluntary response survey


________  error due to poorly calibrated measuring instruments


________  error due to non-response in a sample survey


________  error due to random variation in choosing an SRS
10.  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?  (Shape, 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.

11.  What is the purpose of a significance test?  What do you conclude when P is small?  When P is large?

12.  The number of accidents per week at a hazardous intersection varies with mean 2.2 accidents/wk and standard deviation 1.4 accidents/wk.  This distribution takes only whole-number values, so it is certainly not normal.

a) Let 
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 be the mean number of accidents per week at the intersection during one year (52 weeks).  What is the approximate distribution of 
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 according to the Central Limit Theorem?  

Shape of  
[image: image34.wmf]x

 distribution = _______________

Mean of 
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 distribution = _______________

Standard deviation of 
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 distribution = _______________

b) What is the approximate probability that 
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 is less than 2 accidents/wk?  _________ Show your work:

13.  A Gallup Poll asked the question “How would you rate the overall quality of the environment in this country today – as excellent, good, fair, or poor?”  In all, 46% of the sample rated the environment as good or excellent.  Gallup announced the poll’s margin of error for confidence 95% as plus or minus 3 percentage points.  Which of the following sources of error are included in the margin of error?  (Indicate “yes” or “no” for each choice.)

(a) The poll dialed telephone numbers at random, and so it missed all people without phones.  _____

(b) Nonresponse – some people whose numbers were chosen never answered, or did answer the phone but refused to participate in the poll.  _____

(c) There is chance variation in the random selection of telephone numbers.  _____

14.  You are testing H0: μ = 115 against Ha: μ 
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115 based on an SRS of 12 observations from a normal population.  What values of the z statistic are statistically significant at the α = 0.02 level? 

15.  How is the margin of error of a confidence interval affected by each of the following?  (Answer “m increases” , “m decreases”, or “m is unchanged” for each.)

(a)  When the sample size increases, __________________________ .

(b)  When the confidence level increases, ___________________________ .

(c)  When the population standard deviation increases, _________________________ .

(d)  When the size of the population increases, __________________________ .

16.  What is the purpose of a confidence interval?

17.  A couple plans to have three children.  Assume that each child is equally likely to be a boy or a girl and no multiple births (twins or triplets) occur.
(a)  What is the probability that the couple has no girls?  ______

(b)  What is the probability that the couple has one girl and two boys?  ______

18.  A study of the career paths of hotel general managers sent questionnaires to an SRS of 160 hotels belonging to major U.S. hotel chains.  There were 114 responses.  The average time these 114 general managers had spent with their current company was 11.78 years.  


Assume we know that the standard deviation of time with current company for all general managers is 3.2 years.  Pretend that the 114 responses form an SRS from the population of all general managers.  

(a) Give a 95% confidence interval for the mean number of years general managers of major-chain hotels have spent with their current companies.  Show your work clearly.

(b) Give an 80% confidence interval for the mean number of years general managers of major-chain hotels have spent with their current companies.  Show your work clearly.  

(c) Is an 80% confidence interval always narrower than a 95% confidence interval (all else being equal)?  ________  Explain.
19.  Explain what is meant by the sampling distribution of a statistic.  Why is it important?
Exam 3 Study Guide Answer Key

1.  B

2.  Surely there was an observed difference in the mean salaries for the samples.  It would be pretty strange if random samples of student salaries for two different groups had exactly the same means.  Apparently the difference between the sample means was small enough that it was not “statistically significant”:  a difference (in the sample means) of that size or larger would occur almost half the time (.476) even if the two groups had no difference in mean overall salaries.  So, the study does not prove there is no difference in mean salaries, it simply fails to prove that there is a difference.

3.  H0:  μ = 5 mm (mean diameter is correct)

Ha:  μ ≠ 5 mm (mean diameter is off-target)

4.  z = 2.73, P = .0032.  We have very strong evidence (P = .0032) that these five poems are by a different author.

5.  The P-value is the probability, computed assuming that H0 is true, that the test statistic will take a value at least as extreme as that actually observed.  Small P-values indicate strong evidence against H0 and in favor of Ha.  

6.  The margin of error m has been calculated by a method such that 95% of all SRS of that size will generate a sample mean with 
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.  (The procedure is accurate for 95% of all possible samples of a given size.)

7.  (a)  .4213  

(b)  use binompdf(3, 1/6):

	X
	0
	1
	2
	3

	P
	.5787
	.3472
	.0694
	.0046


(c)  .5 and .6455

(d)  yes, no

8.  1301

9.  no, no, no, yes.  m only accounts for variation due to random sampling (“sampling error”).  It is the statistician’s job to insure the data are properly collected.

10.  (a)  Binomial (approx. normal), 10, 2.8284

(b)  Using binompdf, P(X>=5) = .98.  Using the normal approximation, P(X>=5) = .96.  Either answer is fine.

11.  A test of significance is used to assess the evidence provided by sample data against a null hypothesis H0 and in favor of an alternative hypothesis Ha.  When the P-value is small (< .05? < .01?) we have “strong evidence” that the null hypothesis is false and the alternative is true.  When the P-value is not convincingly small, we simply fail to find strong evidence that the null is false and the alternative is true (inconclusive).

12.  Normal, 2.2, .1941

P(x-bar < 2) = P(Z < -1.03) = .1515

13.  no, no, yes

14.  P(z > 2.05) is about 2%.  Need z >= 2.06.

15.  decreases, increases, increases, unchanged

16.  The purpose of a confidence interval is to estimate an unknown parameter with an indication of how accurate the estimate is and of how confident we are that the result is correct (quantifies the accuracy and precision of the estimate).

17.  .125, .375

18.  (11.193, 12.367 years); (11.396, 12.164 years); Yes – by giving up some accuracy we gain some precision in our estimate.  The 80% interval is always less accurate and more precise (narrower) than the 95% interval, all else being equal.
19.  The sampling distribution of a statistic is the distribution of values taken by the statistic in all possible samples of the same size from the same population.  It is important because all statistical procedures, such as confidence intervals and significance tests, are based on an understanding of the underlying sampling distribution. 
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