Math 230 - Exam 3, Spring 2003 (Each problem is worth 10 points)

1. Jenn Smith has collected 64 right frog legs.  The average length (sample mean) is 6 inches with a sample standard deviation of 1.5 inches.  What is the 80% two-sided confidence interval for the average frog leg length? Derek Neal supervised the data collection.

Answer: We are interested in a confidence interval for the population mean
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.  The sample size n = 64 implies a large sample formulation since n >= 30.  Thus the normal distribution is used and the two-sided (or two-tailed) confidence interval puts 10% into each tail of the normal.  Using our normal table this tells us the appropriate z value for this 80% CI is z = 1.28 which has 10% of the distribution above it.  Also z = -1.28 would have 10% of the distribution below it.  Thus for a standard normal z (mean 0, standard deviation 1), 80% of the distribution lies in the interval of z from –1.28 to 1.28.  Follow the steps below to develop the 80% CI for the population mean 
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2. Brynne Bowers and Allie Eberle have had an ongoing scientific competition for many quarters.  In the latest version of this Brynne claims her special additive “0” creates much more elastic balls so that they bounce higher.  Allie has developed the secret formula “2”.  Given the Minitab output below, answer the question that follows, but be very careful reading exactly what it is asking for.

Two-sample T for Elastic

Additive     N      Mean     StDev   SE Mean

0           10     54.20      7.93       2.5

2           10     42.80      6.00       1.9

Difference = mu (0) - mu (2)

Estimate for difference:  11.40

95% CI for difference: (4.74, 18.06)

T-Test of difference = 0 (vs not =): T-Value = 3.63  DF = 16
If we were to test Ho: u1 - u2 = 0 versus Ha: u1 - u2 ( 0 where Brynne is  the 1st sample (labeled 0 in Minitab) and Allie is the 2nd sample (labeled 2 in Minitab output), would you reject the null hypothesis Ho at the ( = 0.10 level?  A simple reject or not reject is not sufficient, i.e., you must back your answer.  If you feel there is insufficient information, you must state this.

Answer: In the Minitab output above, I have removed the p-value which forces you to look at either the confidence interval (CI) or the value of the test statistics (T-Value = 3.63 with 16 degrees of freedom).  If looking at the confidence interval, you must realize and state that this is a 95% CI (which does not match the test question for ( = 0.10).  However, as you think this through you realize and state that the 90% CI would be narrower than the 95% CI.  If 0.0 does not fall into the 95% CI, it will also not fall into the more narrow 90% CI.  Since 0.0 is not in the CI, that tells us that the two means are significantly different.

Another approach would be to compare the value of the test statistic (3.63 with 16 degrees of freedom) to the tabled critical value in the t-table.  For 16 df, the correct critical t-value from our table is 1.746 since it puts 5% in the upper tail (and –1.746 would have 5% in the lower tail).  This gives us the desired ( = 0.10 to answer the problem.  Since our test statistics based on the real data = 3.63 is in the critical region (either < -1.746 or > 1.746), we have sufficient evidence to reject the null hypothesis that the two means are equal.  Notice that Minitab gives us both the null hypothesis and the alternative.

3. Unknown to Brynne and Allie, Susanne Lynch has been taking a few (but not many) breaks from studying math 230 and has developed her own elastic additive.  Given the Minitab output below, develop a 95% two-sided confidence interval for the mean of Susanne’s elastic results.

Variable            N       Mean     Median     TrMean      StDev    SE Mean

Elastic            10      75.90      74.00      75.63       8.05       2.54

Answer:  The sample size n = 10 is small (n < 30) and thus a t distribution is needed to develop the desired two-sided CI for the Susanne’s elastic population mean.  For this one-sample population case, the degrees of freedom (df) = n – 1 = 9.  Using our beloved t-table, we see that the appropriate t-value that puts 0.025 into each tail would be –2.262 on the low end and 2.262 on the high end.  Follow the steps below to develop the desired 95% CI for Susanne’s population mean.
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 which results in the CI seen below in the Minitab output.

Variable          N      Mean     StDev   SE Mean         95.0% CI    

Elastic          10     75.90      8.05      2.54  (   70.14,   81.66)

4. Mike Fry and Adam Lammers are fishing nuts.  Mike has taken 5 fish and tested them on their statistical knowledge before Adam teaches them the basics of statistics.  Mike thinks something is fishy, but would like to test to see if the average increase in the knowledge of statistics is statistically significant, i.e., is the increase in their knowledge greater than 0?  What statistical procedure do you recommend and why?  Do not perform the procedure.

Before
           After          Fish#

75.57

90.71

1

15.57

22.14

2

20.14

25.57

3

5.86

22.00

4

13.0 10.14

5

Answer:  Both of these gentlemen need serious help.  Perhaps our lovely nursing majors could recommend the appropriate therapy.

BUT, the correct statistical approach would be a paired t-test as seen in section 10.5 (starting on page 386) and discussed in class.

5. Samantha Casey and Tameka Brooks are always on the cutting edge of statistics and can’t wait to take math 235 (Environmental Statistics MWF 8-9:20 Spring 2004).  To demonstrate their knowledge of advanced statistics, S & T decided to see if they could accurately predict a given fish score after Adam’s training in problem 4 above if they knew the fish’s Before statistical score.  Look at the Minitab output below and address the questions that follow.

The regression equation is

After = 5.12 + 1.11 Before

Predictor        Coef     SE Coef          T        P

Constant        5.123       5.285       0.97    0.404

Before         1.1137      0.1459       7.63    0.005

Analysis of Variance

Source            DF          SS          MS         F        P

Regression         1      3938.3      3938.3     58.28    0.005

Residual Error     3       202.7        67.6

Total              4      4141.0

5a) (4 points) Katie Blouir asks the following: Would you accept or reject the null hypothesis that the above regression is not useful at the 95% confidence level and why.

Answer: What the null hypothesis is really testing is whether the slope of the straight line fit to this data is = 0, but let’s not worry about that.

Since the p-value = 0.005 is less than the alpha level of 0.05, that implies reject the null hypothesis at the 95% confidence level. So yes, the regression is doing something useful.

5b) (4 points) Erin Brenamen asks the following: If a new fish raised by Erin Packer scored 25 on the statistics exam prior to Adam’s training, what would you predict Erin’s fish would score after training?

Answer: Plug 25 into “Before” in the regression equation  After = 5.12 + 1.11 Before .

You get the predicted After score of 5.12 + 1.11*25 = 32.87

5c) (2 points) K-girl (aka Kristi Feasby) asks the following: What is the R-squared value, i.e., the % variability explained by this regression model?

Answer:  The R2 value = SSRegression/SSTotal = 3938.3 / 4141.0 = .951 or 95.1%

6. Katie Karpowicz has been challenged by Jenny Oien to an anatomy competition. While Katie loves adventure as a freshman Nursing major, she is concerned that her score may be up to snuff when compared to a sophomore Nursing major.  Test the null hypothesis of no difference between the proportion correct between these two versus the alternative that JO has a significantly higher proportion correct at the alpha = 0.10 using the Minitab output below.  Explain your decision to support or reject the null hypothesis.   You can tell who is who by the formulation of the hypothesis test below.

Test and CI for Two Proportions

Sample      X      N  Sample p

1          42     50  0.840000

2          44     50  0.880000

Estimate for p(1) - p(2):  -0.04

90% lower bound for p(1) - p(2):  -0.128788

Test for p(1) - p(2) = 0 (vs > 0):  Z = -0.58  P-Value = 0.718

Answer:  You should be able to tell that the Minitab output is testing the desired one-sided (or one-tailed) alternative hypothesis test requested.  Since the p-value = 0.718 > alpha = 0.10, this tells us that we cannot reject the null hypothesis in favor of the alternative that Jenny is better.  Or in other words, accept the null hypothesis.

We will let the two of them continue to further pursue this.  Thus as of this nano-second, neither nursing major appears to have a significantly better understanding of anatomy than the other.

7. Trisha Suriano, Chantil Stull, Jen Leskowyak, and Audrey Ogden have decided to pool their diverse skills and take-on the Nurse-mania team of Julie Nieman, Andrea Richardson, Bethany Stout, and Bev Wymyslo.  The 1st team will be known as the DiverseTeam while Nurse-mania is the name of the 2nd team.  Suppose that the timed trials for Nursing majors teams of four people to complete various tasks is known to have a mean of 20 minutes.  While the various tasks differ, they are all designed to take the same amount of time.  While variability occurs based on the particular Nursing team and the particular task, the population mean has been found to be 20 minutes as mentioned above.  On a given task, what is the upper bound probability that Nurse-mania will take at least 60 minutes to complete a given task?  Matt McCool is the time keeper.

Answer:  Well not much info of use here.  The time to do a task cannot be negative.  All we really know is the mean.  Thus we will rely on our old friend Markov’s Inequality to solve this one.  Let X be the time, and let a = 60 minutes below. 
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8. The likelihood of Joel Brockman and Shaun Morrison agreeing on something is 45%.  Shaun has a thumps-up system indicating his approval of something with a 70% of a thumbs-up.  Joel has a 3 point land system indicating his approval system.  If Joel smiles and says that’s a 3 pointer then that indicates his acceptance.  This occurs about 60% of the time.  Kathleen Cunningham walks by and Rachel Ansong says to our fine gentlemen that she thinks Kathleen will do an outstanding job in statistics.  Given the above, what is the probability that at least one of JB and SM will approve of Rachel’s statement?

Answer: Let Joel = event A; let Shaun = event B.  P(A) = 0.60, P(B) = 0.70, P(A
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B) = 0.45.  Then P(A
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B) = P(A) + P(B) - P(A
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B) = 0.60 + 0.70 – 0.45 = 0.85 which is what we want.  P(A
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B) means the probability that at least one of the two approve.

9. Aleisha Morris is known for her often late but stylish entries into math 230.  Let the probability of her being on time for class equal 40%.  In 8 classes, what is the probability that she will be on time at least 4 but no more than 6 times, i.e., on time 4 , 5, or 6 times in the 8 classes.

Answer: This is a binomial problem since the upper bound on being on time would be x = 8 of the n = 8 classes.

P(4 < X < 6) = P(X < 6) – P(X < 3) for p = 0.40 and n = 8 in the binomial table page 665.

P(4 < X < 6) = 0.991 – 0.594 = 0.397

10. Nursing major Jacquie Baker has a wonderful cure rate for broken hearts.  A hug from her cures an average of 5 broken hearts per day.  In a 2 day time period, what is the probability that she will cure at least 17 broken hearts?

Answer: This is a Poisson problem since there is no natural upper bound on how many broken hearts could be cured.  Since the mean is 5 per day, we want to multiply this by 2 since we are interested in 2 days.  Thus the mean of the desired Poisson is 
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and we turn to the Poisson table page 671 and examine the column were 
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.  Let X be the number of cured broken hearts in 2 days.

P(X > 17) = 1 – P(X < 16) = 1 – 0.973 = 0.027

I hope you did well on this exam.  If you have any questions on anything, please let me know.  Make sure you sign up for math 235 (environmental statistics) next Spring (2004) on MWF 8-9:20 am.
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