
Question 1

1. Suppose you fit a multiple regression with quantitative predictors X1, X2, . . . , Xp. The
formula for the variance inflation factor of predictor Xj is 1

1−R2
j
.

What does the Rj
2 represent, and what is the range of values can it have?

Questions 2-5.
This set of questions is based on body dimension data collected on 201 statistics stu-
dents in 2001. The variables of interest for this question are stated below.

1) weight - weight in pounds.

2) shoe - shoe size.

3) handspan - span of hand in inches.

4) calf - calf circumference in inches.

Information on the data and the model fit in R are shown below:

> names(dim.data)

[1] "weight" "shoe" "handspan" "calf"

> cor(dim.data)

weight shoe handspan calf

weight 1.0000000 0.5883658 0.5390747 0.6476550

shoe 0.5883658 1.0000000 0.5684123 0.4101189

handspan 0.5390747 0.5684123 1.0000000 0.3322298

calf 0.6476550 0.4101189 0.3322298 1.0000000
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> lm.out=lm(weight ~ shoe + handspan + calf)

> summary(lm.out)

Coefficients:

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

(Intercept) -140.1223 19.3418 -7.245 9.58e-12 ***

shoe 7.7722 1.7081 4.550 9.36e-06 ***

handspan 10.6708 2.5679 4.155 4.84e-05 ***

calf 8.5575 0.9475 9.032 < 2e-16 ***

---

Signif. codes: 0 *** 0.001 ** 0.01 * 0.05 . 0.1 1

Residual standard error: 23.92 on 197 degrees of freedom

Multiple R-Squared: 0.5814,Adjusted R-squared: 0.575

F-statistic: 91.2 on 3 and 197 DF, p-value: < 2.2e-16

> library(car)

> vif(lm.out)

shoe handspan calf

1.608054 1.503539 1.223556

2. What percent of the variability in weight is explained by the model (i.e. the 3 predictor
variables)? 

3. Interpret the coefficient of calf.
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4. At the 0.05 significance level, is calf a significant predictor for weight after accounting 
for shoe size and handspan? Do i and ii below:

i) State the null hypothesis using a parameter. 

ii) State the test statistic and conclusion.

5. Is there concern for multicollinearity in this model? 
(Refer to 2 elements from the output in your answer.)
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Questions 6-10. 
This set of questions is based on data collected at the Australian Institute of Sport. 
Data points on 102 male and 100 female athletes were collected. The variables of in-
terest for this question are stated below.

1) Wt - weight in kg.

2) Ht - height in cm.

3) Sex - male or female.

The objective is to predict the height of an athlete from their weight, and to determine
whether differences in height can be attributed to sex.

Information on the data and the model fit in R are shown below:

> names(sportsdata)

[1] "Sex" "Ht" "Wt"

> n=202

> dummy.Sex=rep(0,202)

> dummy.Sex[Sex=="male"]=1

> lm.out=lm(Ht ~ Wt + dummy.Sex)

> summary(lm.out)

Coefficients:

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

(Intercept) 142.7888 2.4758 57.674 < 2e-16 ***

Wt 0.4723 0.0357 13.228 < 2e-16 ***

dummy.Sex 3.7420 0.9920 3.772 0.000213 ***

---

Signif. codes: 0 *** 0.001 ** 0.01 * 0.05 . 0.1 1

Residual standard error: 5.904 on 199 degrees of freedom

Multiple R-Squared: 0.6359,Adjusted R-squared: 0.6322

F-statistic: 173.7 on 2 and 199 DF, p-value: < 2.2e-16

6. In this fitted model, does a 1 kg increase in weight have the same effect on height in
women as it does on men? 

Circle one: yes no
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7. Write out the fitted model for men using the significant estimated parameters. 

8. What is the predicted height of a man who weighs 50kg? 

The researchers are curious if the linear relationship between height and weight is
different for the sexes. They decide to fit a model that includes interaction and test
for an interaction effect.

> lm.out.full=lm(Ht ~ Wt + dummy.Sex + Wt:dummy.Sex)

> summary(lm.out.full)

Coefficients:

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

(Intercept) 138.55457 3.69521 37.496 <2e-16 ***

Wt 0.53517 0.05417 9.879 <2e-16 ***

dummy.Sex 11.91346 5.39983 2.206 0.0285 *

Wt:dummy.Sex -0.11059 0.07184 -1.539 0.1253

---

Signif. codes: 0 *** 0.001 ** 0.01 * 0.05 . 0.1 1

Residual standard error: 5.883 on 198 degrees of freedom

Multiple R-Squared: 0.6402,Adjusted R-squared: 0.6347

F-statistic: 117.4 on 3 and 198 DF, p-value: < 2.2e-16

9. Write down the form of an F-statistic that could be used to perform the appropriate
hypothesis for this question. 

10. If you can perform this test with the output, do so, otherwise state that you can not.
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Questions 11-13. 
This set of questions is based on data collected from crash test dummies. Automobiles 
containing dummies were crashed into a wall at 35 miles per hour. Many variables 
were collected, but we focus on only two for this question.

The objective is to determine if differences in the seriousness of head injuries can be 
attributed to the size of a vehicle.

There are 316 observations and the variables of interest are:

1) Head.IC - measure of the seriousness of head injury taking quantitative values
between 150 and 3700 (higher values are more serious injuries).
*NOTE: We will use ‘log(Head.IC)” as the dependent variable in our model.

2) Size - a categorical variable with the following 7 levels:
hev (heavy), lt (light), med (medium), mini (a very small car),
mpv(mini-van), pu (pick-up), van.

The following R statements and output provide the modeling and parameterization.

> is.factor(Size)

[1] TRUE

> levels(Size)

[1] "hev" "lt" "med" "mini" "mpv" "pu" "van"

> contrasts(Size)

lt med mini mpv pu van

hev 0 0 0 0 0 0

lt 1 0 0 0 0 0

med 0 1 0 0 0 0

mini 0 0 1 0 0 0

mpv 0 0 0 1 0 0

pu 0 0 0 0 1 0

van 0 0 0 0 0 1

> lm.out=lm(log(Head.IC) ~ Size)
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> summary(lm.out)

Coefficients:

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

(Intercept) 6.63541 0.12427 53.394 <2e-16 ***

Sizelt -0.01922 0.13613 -0.141 0.8878

Sizemed -0.10862 0.13008 -0.835 0.4043

Sizemini -0.04733 0.17937 -0.264 0.7921

Sizempv 0.40901 0.15038 2.720 0.0069 **

Sizepu 0.24061 0.14611 1.647 0.1006

Sizevan 0.34119 0.15038 2.269 0.0240 *

---

Signif. codes: 0 *** 0.001 ** 0.01 * 0.05 . 0.1 1

Residual standard error: 0.4481 on 309 degrees of freedom

Multiple R-Squared: 0.1514,Adjusted R-squared: 0.1349

F-statistic: 9.186 on 6 and 309 DF, p-value: 2.91e-09

11. At the 0.05 significance level, is there any evidence that differences in the log(Head.IC) 
values can be attributed to the size of vehicle? Do i, ii, and iii below:

i) What is the null hypothesis being tested? 
(Stated in words is fine.)

ii) What type of test is used?
Circle one:

a) Overall F-test
b) Individual t-test
c) Partial F-test

iii) What is the test statistic and conclusion.
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12. What are the individual t-tests in the summary output testing? 
(State in the context of the variables).

13. What hypothesis does the following contrast test? (State as 
a research question in the context of the variables).

> linear.hypothesis(lm.out,c(0,-1,0,-1,1,0,1))
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