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Math 204
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INSTRUCTIONS

1. The seven questions have to be answered in the exam booklets provided

2. The total possible number of points for the exam is 180.

3. This is a closed book exam. One 8 1/2” × 11” double sided crib sheet is allowed.

4. Calculators (both programmable and non-programmable) are permitted.

5. Use of a regular dictionary is permitted.

6. Use of a translation dictionary is permitted.

This exam comprises the cover page, eight pages of questions and output, with questions numbered 1 to
7, and five pages of statistical tables.
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1. (10 pts) A particular measure of ceramic strength was obtained for two different batches of ceramic
material, with 10 random samples collected from each batch. The sample statistics for each batch
are contained in the table below. Test the hypothesis that the population standard deviation for the
first batch is larger than the population standard deviation for the second batch with Type I error
rate α = 0.05.

Batch # of Samples Mean Standard deviation Min. Max.
1 10 671.08 71.68 518.65 751.67
2 10 610.4 56.06 531.37 747.54

2. (15 points) A study was designed to evaluate the effects of an herbal remedy, Echinacea purpurea, on
upper respiratory infections (URI) in children. Children with URI, aged 2 to 11 years, were assigned
to receive either echinacea or placebo (parents did not know the assignment) and then followed up
after recovering from the illness. Parents were then asked to rate their child’s severity of illness
as mild, moderate, or severe. The results of the study are contained in the table below. Test the
hypothesis that there is an association between the treatment variable and the parental assessment
of severity. Use a Type I error rate of 0.10.

Group
Parental assessment Echinacea Placebo

Mild 153 170
Moderate 128 157

Severe 48 40

3. (25 pts) A certain suspect garage in the Plateau was suspected of insurance fraud by an insurance
company. The insurance company took 10 damaged cars that had been serviced by the suspect
garage to a more trusted garage and had a second damage estimate completed. Here are the damage
estimates for the 10 automobiles at the two garages:

Car Suspect Garage Trusted Garage
1 1375 1250
2 1550 1300
3 1250 1250
4 1300 1200
5 900 950
6 1500 1575
7 1750 1600
8 3600 3300
9 2250 2125
10 2800 2600

(a) (10 points) Conduct a sign test to determine whether the suspect garage is charging higher
estimates of damage at Type I error α = 0.05).

(b) (10 points) Conduct a signed rank test to test the same hypothesis in part (a) (again at α = 0.05).
Do you come to the same conclusion?

(c) (5 points) Briefly state one reason why you may want to use one of the non-parametric tests in
parts (a) or (b) instead of a paired t-test.
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4. (30 pts) Three types (labelled A, B, and C) of soil preparation were each randomly installed in plots
at four different locations (labelled 1, 2, 3 and 4), i.e. each type of preparation was installed at a
random plot at each of the four locations. The researcher measured the growth of seedlings planted
in each of the 12 plots and constructed the following ANOVA table (although some of the cells are
missing):

Df Sum Sq Mean Sq F value
Soil Prep 48.667
Location 51.333
Residuals

Total 11 108.667

(a) (10 pts) Write down the ANOVA table above in your exam booklet, correctly filling in the
missing cells.

(b) (5 pts) Using your answer to part (a), is there evidence to indicate mean differences in growth
between the cell preparations at a significance level of α = 0.05?

(c) (5 pts) Name the experimental design that was used.

(d) (5 pts) Construct the one-way ANOVA table that compares the three brands of soil treatment,
ignoring the location factor.

(e) (5 pts) Using your answer to part (d), would you come to the same conclusion as in part (b)?
Why or why not?

5. (30 pts) Some researchers believed that the iron content of food could be affected by the type of pot
used to cook the food. The researchers conducted a study using three different kinds of Ethiopian
cookware: iron, clay, and aluminum pots. They randomly selected 12 pots of each kind for the study
(yielding 36 pots in total). They randomly assigned each pot to cook one of three different types of
food (meat, legumes, or vegetables) in a completely randomized, balanced two factor design. The
food was cooked for the same amount of time in each case and the iron content of the food was then
measured.

(a) (5 points) List the different treatments for this experiment, identify the experimental unit and
determine the number of experimental units assigned to each treatment for this design.

(b) (20 points) The two-way ANOVA table for the data and diagnostic plots for the model (Figure 1,
next page) are below. Conduct a complete analysis of variance for the model below and clearly
state your conclusions. Conduct all hypothesis tests at α = 0.01. Be sure to state and assess
validity of your assumptions for the model.

> iron.model = aov(iron~type*food)
> summary(iron.model)

Df Sum Sq Mean Sq F value Pr(>F)
type 2 24.8940 12.4470 92.263 8.531e-13 ***
food 2 9.2969 4.6484 34.456 3.699e-08 ***
type:food 4 2.6404 0.6601 4.893 0.004247 **
Residuals 27 3.6425 0.1349

(c) (5 points) Could you conclude from the results in part (b) that a single type of pot would have,
on average, higher iron levels for all three kinds of food? Why or why not?
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Figure 1: Diagnostic plots for Question 5
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Figure 2: Plot of data for Question 6

6. (20 points) Fraumeni (1968, Journal of the National Cancer Institute) collected data from 43 states
and the District of Columbia on the number of cigarettes sold per capita and deaths per 100K people
from various kinds of cancer. The figure above (Figure 2) is a plot of the number of cigarettes sold
and the number of deaths per 100K people from kidney cancer for each of the 44 observations. The
regression model output for this data follows.

> kidney.model1 = lm(KID~CIG)
> summary(kidney.model1)

Coefficients:
Estimate Std. Error t value Pr(>|t|)

(Intercept) 1.66359 0.32020 5.196 5.63e-06 ***
CIG 0.04539 0.01255 3.617 0.000792 ***
---
Signif. codes: 0 *** 0.001 ** 0.01 * 0.05 . 0.1 1

Residual standard error: 0.4586 on 42 degrees of freedom
Multiple R-squared: 0.2375,Adjusted R-squared: 0.2194
F-statistic: 13.09 on 1 and 42 DF, p-value: 0.0007922

(a) (6 points) Test for a linear association between the number of cigarettes sold per capita and the
number of kidney cancer deaths per 100K people with Type I error rate α = 0.05.

(b) (5 points) What is the sample correlation between the number of deaths due to kidney cancer
per 100K and the number of cigarettes sold per capita?

(c) (9 points) State the model assumptions that are necessary for your conclusions in part (b) to
be valid. Assess the appropriateness of those assumptions using the figure above (Figure 2), the
figure on the next page (Figure 3), and/or the output for the linear regression fit.
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Figure 3: Diagnostic plots for Question 6
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7. (50 points) It is assumed that wages will rise with experience (or length of service, LOS). A random
sample of 60 women working in Indiana banks was taken. LOS is measured in months of experience
and wages are yearly total income divided by number of weeks worked. The size of the bank where
each woman worked was also measured and banks were classified into two different categories: Large
and Small.

Four different regression models were fit to the data. The regression output for these four models is
contained on the next page. los indicates the LOS variable, size is the size of the bank.

(a) (7 points) Using the output for model1, estimate the mean wage for a woman with LOS equal
to 60 months. Provide an approximate 95% confidence interval for your estimate. Hint: use the
standard error of β̂1 OR the standard deviation of los to find SXX .

(b) (4 points) Interpret the value of the two slope coefficients in model3.

(c) (4 points) Using the output for model4, give a prediction for the wages for a woman with LOS
of 60 months who is working at a large bank. You do not need to provide a prediction
interval.

(d) (5 points) Interpret the value of the interaction coefficient in model4.

(e) (5 points) Using only the values of R2 and adjusted R2 for model3 and model4, explain which
of these two models should be preferred.

(f) (8 points) Using the output for model4, test the hypothesis that the association between LOS
and wages depends on the size of the bank with Type I error α = 0.01. State your conclusion.

(g) (6 points) Using forward step-wise regression and the output for all four models, choose an
appropriate model for the data using F-tests and α = 0.05.

(h) (6 points) Using backward step-wise regression and the output for all four models, choose an
appropriate model for the data using F-tests and α = 0.05.

(i) (5 points) Are your model selected in parts (g) and (h) the same model? Will this always be
the case? Explain your answer.

> describe(los)
var n mean sd median trimmed mad min max range skew kurtosis se

1 1 60 70.48 51.73 60 62.69 44.48 7 228 221 1.33 1.42 6.68

> summary(size)
Large Small

35 25
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## Model 1
> summary(model1)

Call:
lm(formula = wages ~ los)

Coefficients:
Estimate Std. Error t value Pr(>|t|)

(Intercept) 44.21281 2.62824 16.822 <2e-16 ***
los 0.07310 0.03015 2.425 0.0185 *
---
Signif. codes: 0 *** 0.001 ** 0.01 * 0.05 . 0.1 1

Residual standard error: 11.98 on 58 degrees of freedom
Multiple R-squared: 0.09202,Adjusted R-squared: 0.07637
F-statistic: 5.878 on 1 and 58 DF, p-value: 0.01847
> anova(model1)
Analysis of Variance Table

Response: wages
Df Sum Sq Mean Sq F value Pr(>F)

los 1 843.5 843.51 5.8782 0.01847 *
Residuals 58 8322.9 143.50

### Model 2

> model2 = lm(wages~size)
> summary(model2)

Call:
lm(formula = wages ~ size)

Coefficients:
Estimate Std. Error t value Pr(>|t|)

(Intercept) 53.216 1.975 26.94 < 2e-16 ***
sizeSmall -9.242 3.060 -3.02 0.00375 **
---
Residual standard error: 11.69 on 58 degrees of freedom
Multiple R-squared: 0.1359,Adjusted R-squared: 0.121
F-statistic: 9.121 on 1 and 58 DF, p-value: 0.003754

> anova(model2)
Analysis of Variance Table

Response: wages
Df Sum Sq Mean Sq F value Pr(>F)

size 1 1245.6 1245.60 9.1208 0.003754 **
Residuals 58 7920.8 136.57
---
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> model3 = lm(wages~los + size)
> summary(model3)
Call:
lm(formula = wages ~ los + size)

Coefficients:
Estimate Std. Error t value Pr(>|t|)

(Intercept) 47.69407 2.59207 18.400 < 2e-16 ***
los 0.08417 0.02770 3.039 0.003582 **
sizeSmall -10.22840 2.88197 -3.549 0.000782 ***
---
Residual standard error: 10.94 on 57 degrees of freedom
Multiple R-squared: 0.2564,Adjusted R-squared: 0.2303
F-statistic: 9.825 on 2 and 57 DF, p-value: 0.0002157

> anova(model3)
Analysis of Variance Table

Response: wages
Df Sum Sq Mean Sq F value Pr(>F)

los 1 843.5 843.51 7.0535 0.0102409 *
size 1 1506.3 1506.35 12.5961 0.0007823 ***
Residuals 57 6816.6 119.59

# Model 4
> model4 = lm(wages~los*size)
> summary(model4)

Call:
lm(formula = wages ~ los * size)

Coefficients:
Estimate Std. Error t value Pr(>|t|)

(Intercept) 49.54532 3.37887 14.663 < 2e-16 ***
los 0.05595 0.04307 1.299 0.19925
sizeSmall -13.63087 4.90998 -2.776 0.00747 **
los:sizeSmall 0.04828 0.05634 0.857 0.39511
---
Residual standard error: 10.96 on 56 degrees of freedom
Multiple R-squared: 0.266,Adjusted R-squared: 0.2267
F-statistic: 6.764 on 3 and 56 DF, p-value: 0.0005667
> anova(model4)
Analysis of Variance Table

Response: wages
Df Sum Sq Mean Sq F value Pr(>F)

los 1 843.5 843.51 7.0206 0.0104534 *
size 1 1506.3 1506.35 12.5374 0.0008115 ***
los:size 1 88.2 88.24 0.7344 0.3951072
Residuals 56 6728.3 120.15
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