Math 1530 Capstone Project 
50 points

Print Name SOLUTION
SHOW YOUR WORK and DO YOUR OWN WORK

 Use the following data set to answer the first 6 questions. http://math.etsu.edu/1530/SurveySp10/Spring10data.mtw
The Minitab worksheet is set up as follows:

	C1: Sex (Are you Male=m or Female=f?)

	C2: Sleep (How many hours did you sleep last night?)

	C3: Tobacco Use (1=Yes, 0=No)

	C4: Height (inches)

	C5: Pick a Number (1 to 10)

	C6: Fastest Speed Driven (mph)

	C7: Right-hand Span (cm)

	C8: Working Hours per Week

	C9: Number of Beers per Week 

	C10: Favorite Type of Film (Action,  Children,   Comedy, Drama, Horror, Romance, Sci-Fi,    Other)

	C11: Belief in Heaven(Yes Definitely, Yes Probably, No Probably Not, No Definitely Not, Don’t Know


1. (5 pts.) Variable type. Which of these questions from the class survey produced variables that are categorical and which are quantitative?

a. Have you used any tobacco products in the past 30 days? Categorical
b. What is your right handspan in centimeters? Quantitative
c. Do you believe in heaven? Categorical
d. How many hours did you sleep last night? Quantitative
e. What is your favorite type of film? Categorical
Note: A categorical variable places an individual into one of several groups or categories. A quantitative variable takes numerical values for which arithmetic operations such as adding and averaging make sense.   The values for tobacco use are 0 or 1 but these numbers are just labels for the categories and have no units of measurement.

2. (5 pts)  Do males and females like the same type of films?  What are the most important differences between the two groups?  Include the appropriate graphs, tables, etc. to support your conclusions.
	film
	Male (%)
	Female (%)
	PM - PF
	PM/PF

	Action
	26.94
	8.42
	18.52
	3.20

	Children
	1.11
	1.60
	-0.49
	0.69

	Comedy
	40.83
	46.09
	-5.26
	0.89

	Drama
	8.89
	7.82
	1.07
	1.13

	Horror
	6.39
	13.83
	-7.44
	0.46

	Romance
	0.83
	15.43
	-14.60
	0.05

	Sci-Fi
	11.39
	4.01
	7.38
	2.84

	Other
	3.61
	2.81
	0.80
	1.28


Comedies are preferred by both females and males at about the same rate.  Children films are have a low interest for both groups.  Females prefer Romance at much greater rate than males where as males have a greater preference for Action and Sci-Fi movies.  

Note: For a categorical response variable, inferences compare groups in terms of a difference or ratio of proportions. There are methods for finding confidence intervals for the difference in proportions (pM - pF) and the ratio of proportions (or relative risk) pM/pF. We would be interested if the interval for the difference (ratio) contains 0 (1).

3. (7 pts.) Sleep habits.  Question 2 from the survey asked “How many hours did you sleep last night?” 
a. Create an appropriate display for the number of hours slept.
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b. Which of the following best describes the shape of the distribution? 

Skewed left
Symmetric
Skewed right 

c. Are there any outliers in this data? Justify your answer. Yes, the boxplot of the sleep variable shows that there are many outliers (*).  There are 10 observations that are below Q1 – 1.5 x IQR = 6 – 1.5(2) = 3 hours. There are 6 observations that are above Q3 + 1.5 x IQR = 8 + 3 = 11 hours.
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d. Use numerical measures appropriate for the shape to describe the center and spread. 
Descriptive Statistics: sleep 

Variable    N  N*    Mean  SE Mean   StDev  Minimum      Q1  Median      Q3

sleep     861   6  6.7879   0.0594  1.7418   0.0000  6.0000  7.0000  8.0000

Variable  Maximum

sleep     13.0000

Since there are outliers you could describe the distribution with the five-number summary: Min = 0, Q1 = 6, Median = 7, Q3 = 8, Max = 13

Note that the mean and median are nearly equal even though there are outliers. This is because the outliers appear on both tails of the distribution to balance out.  

If we ran the analysis without the 16 outliers we get the following:
Descriptive Statistics: sleep 

Variable    N  N*    Mean  SE Mean   StDev  Minimum      Q1  Median      Q3

sleep     845   0  6.8176   0.0542  1.5758   3.0000  6.0000  7.0000  8.0000

Variable  Maximum

sleep     11.0000

We see that there is very little change in the Mean (increased slightly) and StDev (decreased slightly).
e. We would like to find two 95% confidence intervals for the mean hours of sleep for the populations represented by the males and the females. You will need to split the worksheet into two new worksheets according to sex. (Data > Split Worksheet > By Variables: sex)  

Find 95% confidence intervals for the mean hours of sleep for the males and for the females. Select Stat > Basic Statistics > 1- Sample t
One-Sample T: sleep (Males)

Variable    N    Mean   StDev  SE Mean       95% CI

sleep     362  6.7307  1.8444   0.0969  (6.5400, 6.9213)
One-Sample T: sleep (Females)
Variable    N    Mean   StDev  SE Mean       95% CI

sleep     499  6.8295  1.6642   0.0745  (6.6831, 6.9758)

f. Assume that these two groups represent random samples of male and female ETSU students. Do these intervals overlap? Interpret your results. 
· We are 95% confident that the mean number of hours slept for male ETSU students lies between 6.54 and 6.92 hours.

· We are 95% confident that the mean number of hours slept for female ETSU students lies between 6.68 and 6.98 hours.
· It appears that there isn’t much of a difference (intervals overlap) in the mean number of hours slept between male and female ETSU students. 

Conditions for inference about a Mean.  
· Can we regard our data as a SRS from the population?  We had assumed that the data are a random sample from the student population but this survey was a convenient sample.  If we feel that this sample does not represent the population then we cannot trust the above conclusions.
· Are the observations from the population having a Normal distribution with mean µ and standard deviation σ?  This assumption is not as important as the previous condition. If the observations are from a somewhat symmetric distribution with no extreme outliers then the t-interval or t-test are safe to apply. In other words, the t methods are fairly robust. The larger the sample size the requirement of symmetry is less important.  
Both histograms are somewhat symmetric:
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· Outliers.  Note that we found outliers in parts c and d. The t-interval can be sensitive to outliers especially if they lie only on one tail of the distribution.  We want to take a look at the intervals when we remove the outliers.  I ran the analysis without the 16 outlying observations and found the following: 

One-Sample T: sleep (Males)

Variable    N    Mean   StDev  SE Mean       95% CI

sleep     353  6.7790  1.6305   0.0868  (6.6084, 6.9497)

One-Sample T: sleep (Females) 

Variable    N    Mean   StDev  SE Mean       95% CI

sleep     492  6.8453  1.5364   0.0693  (6.7092, 6.9814)

We see that the outliers did not affect the intervals that much.
	
	95% CIs using all data
	95% CIs excluding outliers

	Male
	(6.5400, 6.9213)
	(6.6084, 6.9497)

	Female
	(6.6831, 6.9758)
	(6.7092, 6.9814)


It helps that we have large samples – this can offset problems of outliers and skewness.  

4. (5 pts.) Big hands.  Compare and comment on the spans of right hands of males and females. Include the appropriate graphs, summary statistics, etc. to support your conclusions.  Both distributions have many outliers.  It appears that the males’ right handspans are typically three centimeters longer than the females’ right handspans.  There are apparently some measurement errors or data entry errors for both groups.
Descriptive Statistics: right-handspan (cm) 

Variable             sex    N  N*    Mean  SE Mean   StDev  Minimum      Q1

right-handspan (cm)  f    474  28  18.769    0.402   8.754    3.000  16.000

                     m    340  25  22.414    0.665  12.264    3.000  19.000

Variable             sex  Median      Q3  Maximum

right-handspan (cm)  f    18.500  20.000  103.000

                     m    21.500  23.000  143.000
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Note: Since there are so many invalid data values this data should be cleaned up by removing any value that we know to be impossible before running the analysis.  In Minitab you can subset your worksheet to exclude rows by condition: Data > Subset Worksheet > Specify Which Rows To Exclude > Condition …   Enter  'right-handspan (cm)'  <= 15  Or 'right-handspan (cm)' >= 25 in the dialogue box.

I removed some of the invalid data values and found the following:

Descriptive Statistics: right-handspan (cm) 

Variable             sex    N  N*    Mean  SE Mean  StDev  Minimum      Q1

right-handspan (cm)  f    370   0  18.925   0.0995  1.915   15.240  17.500

                     m    264   0  21.110    0.126  2.047   15.200  20.000

Variable             sex  Median      Q3  Maximum

right-handspan (cm)  f    19.000  20.000   24.000

                     m    21.500  23.000   24.765

We see that some of the summary statistics changed considerably (i.e. Minimum, Maximum, StDev).  

5. (7 pts.) Heaven? Question 11 from the survey asked “Do you believe in heaven?”
a. Give the marginal distribution of heaven belief for all students, in percents. Select Stat > Tables > Tally Individual Variables
belief in heaven  Count     Percent

   Yes, Definitely    635    73.33

     Yes, Probably    108    12.47

  No, Probably Not     29     3.35

No, Definitely Not     41     4.73

        Don't Know     53     6.12

                N=    866

b. Give the two conditional distributions of heaven belief, for male and for female students. Make a graph of each conditional distribution.

Note that the numbers in that table represent the counts and percents in each category given sex.
                       No,         No,

             Yes,      Yes,  Probably  Definitely  Don't

       Definitely  Probably       Not         Not   Know            All

f             385        64        13          14     25             501

            76.85     12.77      2.59        2.79   4.99          100.00

m             250        44        16          27     28             365

            68.49     12.05      4.38        7.40   7.67          100.00

In Minitab click on Bar Chart > Cluster and enter sex ‘belief in heaven’ in the dialogue box. Click on Chart Options… and select Show Y as Percent and Within categories at level 1 (outermost) 
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c. What are the most important differences between the two genders?   Overall, it appears that females may have a stronger belief in heaven than the males.

In 2008 the General Social Survey (GSS) (http://sda.berkeley.edu/GSS) estimated that the proportion of American adults who believe in heaven is 0.85. The research question of interest is “Do ETSU students have a stronger belief in heaven than what the 2008 GSS reported?”
Assume that the students who responded to this survey represent a random sample of all ETSU students.  
d.  State the null and alternative hypotheses.H0: p = 0.85 vs. Ha: p > 0.85
e. Analyze and state your conclusion. Include any output from Minitab here. We see from the table in part that the number of students who believe in heaven is 635 + 108 = 743 out of 866 students.  Select Stat > Basic Statistics > 1 Proportion and fill-in the dialogue boxes as shown below.
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Click Options…
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Clicking OK produces the output:

Test and CI for One Proportion 

Test of p = 0.85 vs p > 0.85

                            95% Lower

Sample    X    N  Sample p      Bound  Z-Value  P-Value

1       743  866  0.857968   0.838456     0.66    0.256

Conclusion:  There is not enough evidence to suggest that ETSU students have a stronger belief in heaven than what the 2008 GSS reported.  The p-value of the test is 0.256.
Notes

· Typically we are looking for a p-value less than .05 to declare statistical significance. 

· Confidence intervals should also be reported in a write up of an analysis.  More and more disciplines are requiring analysis of studies to include interval estimation. 
· Note that the 95% Lower Bound for the true proportion of ETSU students who believe in heaven is 0.838456. This is derived as   .857968 – 1.645*sqrt(.857968(1-.857968)/866). The upper bound is naturally 1.  
· By hand the Z-value = (p-hat – p0)/sqrt(p0(1-p)/n) = (.857968 - .85)/sqrt(.85*.15/866) = .66. To find the p-value use the normal table to find the area under curve from .66 to the RIGHT (.256). If your table gives the area under the curve to the left make sure you subtract this number from 1.
· If this was a two-sided test (p ≠.85) then Minitab would have produced the p-value = 2*.256 = .512.  If you are looking in the normal table you would have to double your area to obtain the p-value.
6. (4 pts.) Sex and Tobacco Use.   Question 3 on the class survey asked “Have you used any tobacco products in the past 30 days?”  Produce the two-way table of the variables: sex and tobacco use and answer the following questions.   Note that 1 = Yes and 0 = No  Select Stat > Tables > Cross Tabulation and Chi-Square …
Rows: sex   Columns: tobacco

            0       1     All

f         392     109     501

        78.24   21.76  100.00

        64.58   42.25   57.92

        45.32   12.60   57.92

m         215     149     364

        59.07   40.93  100.00

        35.42   57.75   42.08

        24.86   17.23   42.08

All       607     258     865

        70.17   29.83  100.00

       100.00  100.00  100.00

        70.17   29.83  100.00

Cell Contents:      Count

                    % of Row

                    % of Column

                    % of Total

a. Choose an individual at random. The probability that the student is a female and has used tobacco products in the past 30 days is 109/865 or 12.60%.
b.  The conditional probability that the student used tobacco products in the past 30 days, given that the student was a female, is about 109/501 or 21.76%.
c. The conditional probability that the student was female, given that have used tobacco products in the past 30 days, is about 109/258 or 42.25%.
We see that we must be careful when computing conditional probabilities.  The following example illustrates why this is so important:  

http://math.etsu.edu/1530/Correct_Incorr_Results_Diag_Testing.docx
7.  (12 pts.) Height and Lead feet?    The following data file is needed to answer this question. http://math.etsu.edu/1530/SurveySp10/height_fast.MTW   contains the variables sex, height (inches) and fastest speed driven (mph) from 841 students from the class survey. Does it make sense to claim that taller people will drive faster? From the survey students were asked to give their height and their response to the question “What’s the fastest you’ve ever driven a car (mph)?”  
a. Insert the appropriate plot that displays this relationship.  
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Does the plot show a positive association, a negative association, or no association between the two variables? Explain.  The plot shows a positive association since above-average values of height tend to accompany above-average values of fastest speed driven, and below-average values also tend to occur together.
b. Do you think the pattern of the plot is linear or curvilinear? Linear 
c. Are there any obvious outliers?  There may be some outliers (eg. (74 in, 194 mph)).
d.  What is the correlation coefficient between fastest-speed driven and height? r = 0.362
e. If the measurements were made in centimeters for height instead of inches, what would be the value of the correlation coefficient? (Note that 2.54 cm is approximately 1 inch.)  r = 0.362 
Note that r does not change when we change units of measurement of x, y, or both.
f. Compute the regression equation for predicting fastest-speed driven from the student’s height.   Select Stat > Regression > Regression … and enter fastest speed driven (mph) for the Response variable and height (inches) for the Predictors dialogue box.  Click OK and the regression equation appears in the Session window:
The regression equation is

fastest speed driven (mph) = - 5.66 + 1.61 height (inches)

We will now take a closer look at this association.  
g. Provide a scatterplot of fastest speed driven and height and add the categorical variable gender to the display.  
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h. What do the associations of fastest speed driven and height by gender look like?     
a. Males           
positive  negative   no association     r = .198
Outliers are present that are influencing the association.  
b. Females  
positive  negative   no association     r = -.013
Note: It may help to add the regression lines to the plot Graph > Scatterplots > With Regression and Groups
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i. Find the two regression equations of fastest-speed driven and height by gender
a. Males:  fastest speed driven (mph) = 17.60 + 1.331 height (inches)
b. Females: fastest speed driven (mph) = 100.2 - .0617 height (inches)
j. Based on your findings, which of the following statements is true?

a. There is a mistake, since the correlation must be zero in the combined data because we found a positive correlation for the males and a negative correlation for the females.
b. The taller you are will cause you to drive faster since most likely your foot will tend to bigger and heavier.
c. Basically there is no relationship between height and fastest speed within either sex. The observed correlation in the combined data occurs only because men tend to have higher values than women do for both variables.  Gender is a lurking variable that impacts both variables.

d. The faster drivers will tend to be taller since both variables tend to be related to a higher level of self esteem.
e. There is a relationship between height and fastest speed and for each inch increase in height this will cause a driver to increase their speed by an average of 1.7 mph. 
8. (5 pts.) 50/50? Is it truly 50/50 when you spin a coin? Is one side of the coin made heavier than the other; therefore making it not a 50/50 chance? Conduct the following experiment. Hold a penny on edge on a flat hard surface, and spin it with your fingers.  Conduct the experiment 25 times.

a. Record your results in the table.  Your results will vary from mine.
	Trial
	Outcome

H or T
	Total number

heads
	Cumulative Percent of heads

	1
	H
	1
	1/1 or 100

	2
	H
	2
	2/2 or 100

	3
	H
	3
	3/3or 100

	4
	T
	3
	3/4 or 75

	5
	T
	3
	3/5 or 60

	6
	T
	3
	3/6 or 50

	7
	H
	4
	4/7 or 57.1

	8
	T
	4
	4/8 or 50

	9
	T
	4
	4/9 or 44.4

	10
	T
	4
	4/10 or 40

	11
	T
	4
	4/11 or 36.4

	12
	T
	4
	4/12 or 33.3

	13
	H
	5
	5/13 or 38.5

	14
	T
	5
	5/14 or 35.7

	15
	H
	6
	6/15 or 40

	16
	H
	7
	7/16 or 43.75 

	17
	H
	8
	8/17 or 47.1 

	18
	H
	9
	9/18 or 50 

	19
	H
	10
	10/19 or 52.6 

	20
	T
	10
	10/20 or 50

	21
	T
	10
	10/21 or 47.6

	22
	H
	11
	11/22 or 50

	23
	T
	11
	11/23 or 47.8

	24
	T
	11
	11/24 or 45.8

	25
	T
	11
	11/25 or 44


b. Graph the cumulative percent of heads versus the trial number.  Do you see a trend?  It appears as we spin the penny more and more the trend becomes more stable.  If the penny is spun a large number of times the percent of heads will get very close to the true percent (Law of Large Numbers).   
Create two columns in Minitab C1 (Trial), C2 (Percent) and enter your data in these two columns. Select Graph > Scatterplots > With Connect Line and enter Percent for the Y variables and Trial for the X variables.
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c. What proportion or percent of the spins were heads? .44 or 44%
d. Based on your results find a 95% confidence interval for the true proportion of heads that would come up when spinning a penny.  Interpret your interval.

Test and CI for One Proportion 

Sample   X   N  Sample p         95% CI

1       11  25  0.440000  (0.245420, 0.634580)

Using the normal approximation.

 We are 95% confident that the true proportion of heads that would appear when spinning a penny is somewhere between about .245 and .635.  Since .5 is in between these two numbers it appears that one side is not heavier than the other.  

Note: This interval length (.635 - .245 = .39) is quite wide and we should spin this penny many more times to shorten this interval. For example, I spun a penny 200 times and found the following:

Variable   X    N  Sample p         95% CI

Penny     91  200  0.455000  (0.385986, 0.524014)

Using the normal approximation.

I think the percentage of heads that would appear is less than 50% when spinning a penny because the heads side is heavier than the tails side.
e. We would like a smaller margin of error (shorter confidence interval) than the one you found in part d.  How many times would you have to spin the penny to estimate the proportion of heads within ± 0.02 with 95% confidence? Use 0.5 as the conservative guess for p.   n = (1.96/.02)2(.5)(.5) = 2401.
Bonus (5 pts.) Randomly Pick S or M.  Use the data set http://math.etsu.edu/1530/surveySp10/pickSorM.MTW to answer this question. 
9. Your instructor distributed two different forms asking students to randomly pick a letter. One form asked students to respond to the question, “Randomly pick a letter—S or M.” The other form asked students to “Randomly pick a letter—M or S.” Notice that the order of presenting the two letters is different between the two forms.  Does the order make a difference in the selection of the letter?  Analyze.  Select Stat > Tables > Cross Tabulation and Chi-Square …
Enter variables in the dialogue boxes and click on Chi-Square and check Chi-Square analysis
Rows: First Letter   Columns: Letter Picked

   M      S     All

M        106    110     216

 49.07  50.93  100.00

S         97    127     224

 43.30  56.70  100.00

All      203    237     440

 46.14  53.86  100.00

Cell Contents:      Count

% of Row

Pearson Chi-Square = 1.473, DF = 1, P-Value = 0.225
Conclusion:  There is no evidence to suggest that the order of presentation is making a difference in the selection of the letter.
Note We don’t want to introduce a bias of presentation order in surveys. If we think order may influence the choice then we should randomize the order to avoid confounding.

Additional Comments:

1. The most important condition for sound conclusions from statistical inference is usually that the data can be thought of as a random sample from the population of interest.
2. Make a stemplot, histogram, and/or boxplot of your data to see if there are outliers or strong skewness.  The t-procedures (t-test and t-interval) can be sensitive to outliers and strong skewness.  It can be difficult to assess Normality when only a few observations are in the data set.  There are other statistical methods (e.g. Nonparametrics) that do not require the Normality assumption and are less sensitive to outliers when the sample size is relatively small.
3. A test of significance tries to answer whether the observed effect is due to chance. It does NOT tell us if the sample or experiment was properly designed. It does NOT tell us if the observed effect is important.
_1333190590

_1333355684

_1333360447

_1333357864

_1333354844

_1331804517

_1333189109

_1331803780

