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Final Exam

3 hours

Name:

You may use a calculator and up to three 8.5” by 11” sheets of notes (front and back). The
sheets will not be turned in with your exam.

Please show all your work, including all calculations, and explain your answers. In case of
ambiguity, please state your assumptions.

Cell phones and any other electronic devices are not permitted. No interaction of any sort is
allowed with anyone except the instructor or proctor.

I Conceptual Questions

Please answer the following in no more than 1-2 sentences each.

1. A study found that the use of bed nets was associated with a lower prevalence of malarial
infections in the Gambia. A report of the study states that the significance is p < 0.001.
Explain what this means in a way that could be understood by someone who has not studied
statistics.



STAT 135 (Intro to Statistics with Modeling) 2

2. An investigator has collected data regarding the association between the number of firefighters
at a fire scene and the damage caused by the fire. Why should they not be surprised that
there is a positive correlation? Discuss.

3. It appears that the most common geometric form in the universe is the sphere. But how
many mathematically perfect spheres are there in the universe? The answer is none. Neither
the Earth, nor the Sun, nor a billiard ball is a perfect sphere. So, if there are no true spheres,
what good are the formulas for ascertaining the area or volume of a sphere? Discuss this
argument in the context of this course.
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4. If the heights of Martians follow a normal distribution with a mean of 55 inches and a standard
deviation of 8 inches and they play a game against the Earthling team, who will win? The
Earthling basketball players will be around 80 inches tall, which is to say that they are 4
standard deviations from the average (supposing that our heights are normally distributed
with mean 68 inches and a standard deviation of 3 inches). (Recall that height is a decided
advantage in basketball so taller players tend to be more successful, and that coaches get to
choose their players.)

5. In a regression to predict income of graduates of a liberal arts college based on the number of
years since graduation, a graduate created a high-tech start-up company based on her senior
thesis, and sold it for several million dollars. For this case, would your primary concern
be that they had a large residual or large leverage? What influence might it have on the
regression model? Explain your thinking.
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6. Name a key insight that can be made from the Sakura blossoms scatterplot?

7. What issues cloud conclusions that might be inferred from the following barchart?

8. What is the contribution to the chi-square statistic for a cell in a contingency table with
observed count equal to 11 and expected count equal to 13.5?
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9. For the following statements, specify whether they are true or false (and indicate why):

a) The ↵ (significance) level of a statistical test is equal to the probability that the null
hypothesis is true.

b) If the ↵ (significance) level of a test is increased, the power would be expected to increase.

c) A Type II error is more serious than a Type I error.

d) The estimate of the 75th percentile is a random variable.

e) We reject the null hypothesis if the chi-squared statistic is very large or very small.

f) If two events A and B are disjoint, then they are independent.
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10. Supermarkets often place similar types of cereal on the same supermarket shelf. We have
data on the shelf as well as the sugar content of n=77 cereals. Does sugar content vary by
shelf? Here is a boxplot and the associated ANOVA output.

Distribution of sugar by grocery shelf
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## Estimate Std. Error t value Pr(>|t|)

## (Intercept) 4.838 0.918 5.27 1.3e-06 ***

## shelf2 4.789 1.283 3.73 0.00037 ***

## shelf3 1.704 1.145 1.49 0.14103

##

## Residual standard error: 4.11 on 74 degrees of freedom

## Multiple R-squared: 0.165,Adjusted R-squared: 0.142

## F-statistic: 7.29 on 2 and 74 DF, p-value: 0.00129

a) What is the mean sugar content of the cereals displayed on shelf two?

b) Is there a statistically significant di↵erence between the sugar content for cereals displayed
on shelves one and three?
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c) State the null and alternative hypotheses for the overall test of the model. What test
statistic (and df) do you observe? What decision do you make (justify your decision). What
is your conclusion?

d) Calculate and interpret a 95% confidence interval for �1 in this model. (You may use the
fact that qt(.975, df=74) returns the value 1.99.)

e) If the total sums of squares for this model was 1000, what would the sums of squares be
for residuals (error)?
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11. Use the appendix (separate handout) to answer the following questions.

a) What are the mean prices of the color D and color J diamonds?

b) Interpret the coe�cient from model 1 of the colorJ parameter. Carry out a test of the
null hypothesis that the true coe�cient is zero and interpret your results. How does this
compare to your result from part a)?

c) From model 1, what do you conclude about the association between color and price?

d) Interpret the scatterplot (Figure 2) of price vs. carat.
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e) Model 2 controls for the number of carats in the diamond, along with the color. Interpret
the coe�cient for colorJ in model 2. Compare and contrast this result to that of part b).

f) For model 2, do the Linearity and Equal variance assumptions hold. Be sure to specify
which figures you used to make these determinations.

g) Use Figure 5 to describe the center, spread, and shape of the distribution of the residuals.
Are these values nearly normal?
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FOR INSTRUCTOR USE ONLY

page 1:       ___ out of   5
pages 2-3:  ___ out of 12
pages 4-5:  ___ out of 20
pages 6-7:  ___ out of 15
pages 8-9:  ___ out of 24

TOTAL: ____ out of 76 points



STAT135 Final Appendix

Nicholas Horton (nhorton@amherst.edu)
May 10, 2017

names(diamonds)

## [1] "carat" "cut" "color" "clarity" "depth" "table" "price"
## [8] "x" "y" "z"

diamonds <- mutate(diamonds, color = as.character(color))
glimpse(diamonds)

## Observations: 53,940
## Variables: 10
## $ carat <dbl> 0.23, 0.21, 0.23, 0.29, 0.31, 0.24, 0.24, 0.26, 0.22, ...
## $ cut <ord> Ideal, Premium, Good, Premium, Good, Very Good, Very G...
## $ color <chr> "E", "E", "E", "I", "J", "J", "I", "H", "E", "H", "J",...
## $ clarity <ord> SI2, SI1, VS1, VS2, SI2, VVS2, VVS1, SI1, VS2, VS1, SI...
## $ depth <dbl> 61.5, 59.8, 56.9, 62.4, 63.3, 62.8, 62.3, 61.9, 65.1, ...
## $ table <dbl> 55, 61, 65, 58, 58, 57, 57, 55, 61, 61, 55, 56, 61, 54...
## $ price <int> 326, 326, 327, 334, 335, 336, 336, 337, 337, 338, 339,...
## $ x <dbl> 3.95, 3.89, 4.05, 4.20, 4.34, 3.94, 3.95, 4.07, 3.87, ...
## $ y <dbl> 3.98, 3.84, 4.07, 4.23, 4.35, 3.96, 3.98, 4.11, 3.78, ...
## $ z <dbl> 2.43, 2.31, 2.31, 2.63, 2.75, 2.48, 2.47, 2.53, 2.49, ...

bwplot(price ~ color, main="Figure 1: Boxplot of price by color", data=diamonds)

Figure 1: Boxplot of price by color
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xyplot(price ~ carat, cex=0.15, type=c("p", "r"), xlim=c(0, 3), lwd=3,
main="Figure 2: scatterplot of price vs. carat", data=diamonds)

Figure 2: scatterplot of price vs. carat
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favstats(price ~ color, data=diamonds)

## color min Q1 median Q3 max mean sd n missing
## 1 D 357 911.0 1838.0 4213.50 18693 3169.954 3356.591 6775 0
## 2 E 326 882.0 1739.0 4003.00 18731 3076.752 3344.159 9797 0
## 3 F 342 982.0 2343.5 4868.25 18791 3724.886 3784.992 9542 0
## 4 G 354 931.0 2242.0 6048.00 18818 3999.136 4051.103 11292 0
## 5 H 337 984.0 3460.0 5980.25 18803 4486.669 4215.944 8304 0
## 6 I 334 1120.5 3730.0 7201.75 18823 5091.875 4722.388 5422 0
## 7 J 335 1860.5 4234.0 7695.00 18710 5323.818 4438.187 2808 0

mod1 <- lm(price ~ color, data=diamonds)
msummary(mod1)

## Estimate Std. Error t value Pr(>|t|)
## (Intercept) 3169.95 47.71 66.446 <2e-16 ***
## colorE -93.20 62.05 -1.502 0.133
## colorF 554.93 62.39 8.895 <2e-16 ***
## colorG 829.18 60.34 13.741 <2e-16 ***
## colorH 1316.72 64.29 20.482 <2e-16 ***
## colorI 1921.92 71.55 26.860 <2e-16 ***
## colorJ 2153.86 88.13 24.439 <2e-16 ***
##
## Residual standard error: 3927 on 53933 degrees of freedom
## Multiple R-squared: 0.03128, Adjusted R-squared: 0.03117
## F-statistic: 290.2 on 6 and 53933 DF, p-value: < 2.2e-16
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mod2 <- lm(price ~ carat + color, data=diamonds)
msummary(mod2)

## Estimate Std. Error t value Pr(>|t|)
## (Intercept) -2136.23 20.12 -106.162 < 2e-16 ***
## carat 8066.62 14.04 574.558 < 2e-16 ***
## colorE -93.78 23.25 -4.033 5.51e-05 ***
## colorF -80.26 23.40 -3.429 0.000605 ***
## colorG -85.54 22.67 -3.773 0.000161 ***
## colorH -732.24 24.35 -30.067 < 2e-16 ***
## colorI -1055.73 27.31 -38.657 < 2e-16 ***
## colorJ -1914.47 33.78 -56.679 < 2e-16 ***
##
## Residual standard error: 1472 on 53932 degrees of freedom
## Multiple R-squared: 0.864, Adjusted R-squared: 0.8639
## F-statistic: 4.893e+04 on 7 and 53932 DF, p-value: < 2.2e-16

xyplot(resid(mod2) ~ fitted(mod2), type=c("p", "r", "smooth"), cex=0.1,
xlab="predicted price ($)", ylab="residuals", xlim=c(-1000, 16000),
ylim=c(-5000, 5000), main="Figure 3: scatterplot of residuals vs. fitted values")

Figure 3: scatterplot of residuals vs. fitted values
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mplot(mod2, cex=0.05, lwd=2, which=3) # Figure 4: scale-location plot

## [[1]]

Scale−Location
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histogram(~ resid(mod2), xlab="residuals", fit="normal", width=500,
main="Figure 5: distribution of residuals", lwd=4)

Figure 5: distribution of residuals
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