UNIVERSITY OF TORONTO MISSISSAUGA

April 2008 Examination
STA442H5S
Professor Jerry Brunner
Duration: 3 hours

Aids allowed: Calculator, Printouts®.

You may be charged with an academic offence for possessing the following items
during the writing of an exam unless otherwise specified: any unauthorized aids,
including but not limited to calculators, cell phones, pagers, wristwatch calcu-
lators, personal digital assistants (PDAs), iPODS, MP3 players, or any other
device. If any of these items are in your possession in the area of your desk,
please turn them off and put them with your belongings at the front of the room
before the examination begins. A penalty MAY BE imposed if any of these items
are kept with you during the writing of your exam.

Please note that students are not allowed to petition to RE-WRITE a final
examination.

Last Name:

Given Name:

Student Number:

Qn. # | Value | Score Qn. # | Value | Score
1 10 6 10
2 10 7 10
3 10 8 10
4 10 9 10
5 10 10 10
Total = 100 Points

LComputer printouts are supplied. There are 22 pages of printout including the cover page,
consisting of

1. Mantids Study (6 pages)
2. Longitudinal IQ Study (10 pages)
3. Cartoon Study (5 pages)
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10 points 1. Make up an original study with a single dependent variable;
the study should have two categorical independent variables,
one with random effects and the other with fixed effects. Val-
ues of the random effects variable should be nested within the
values of the fixed effects variable. It must be clear from your
description of the study why each variable has random or fixed
effects.

continued on page 3
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10 points 2. Please read the newspaper article below. In terms of this
course, what is the most important sentence in the article? Un-
derline just one sentence. (In case you are unfamiliar with the
term “pedophilia,” the pedophiles in this study were convicted
of sexual crimes against children.)

continued on page 4
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3. Indicate True or False for the statements below. You must get

at least nine out of ten right in order to get any marks.

(a) __ In an experimental study, a statistically significant
relationship between the independent variable and the de-
pendent variable can provide some evidence of a causal
relationship.

(b) We observe r = —0.70, p = .009. We do not have suf-
ficient evidence to conclude that the independent variable
and the dependent variable are related.

(c) The p-value is the probability that the null hypoth-
esis is true.

(d) The greater the p-value, the stronger the evidence
that the independent and dependent variable are related.

(e) The p-value is the probability of failing to replicate
significant results in a second independent random sample
of the same size.

(f) ___ When a relationship between the independent vari-
able and the dependent variable is statistically significant,
we conclude there is no evidence that the two variables are
actually related.

(g) In simple regression, a negative regression coefficient
by implies that high values of X tend to go with low values
of Y and low values of X tend to go with high values of Y.

(h) We seek to predict the dependent variable from the
independent variable.

(i) If p < 0.05 we say the results are statistically signif-
icant at the 0.05 level.
() Experimental studies are based on random sampling

from a well-defined population.

continued on page 5
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10 points 4. In a study of alleged discrimination, cases are employees at a
bank. Variables are
Y Starting salary
X; Sex (0=Male, 1=Female)
X5 Seniority (time in months since hired)
X3 Age when hired, in months
X4 Education in years
X5 Work experience prior to being hired by bank, in months.
The primary question is this. Controlling for how long ago the

person was hired, age when hired and prior work experience, is
there a sex difference in average starting salary?

(a) Give E[Y|X] for the full model.

(b) Give E[Y|X] for the reduced model.

(c) Suppose we observe a positive value of b; with p = .0003.
State your conclusion in plain, non-statistical language. If
the results are statistically significant at the 0.05 level, be-

gin your answer with “Allowing for ...”. If the results are
not statistically significant at the 0.05 level, just write “No
conclusion.”

continued on page 6
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10 points 5. In a study of math education in elementary school, equal num-
bers of boys and girls were randomly assigned to one of three
training programs designed to improve spatial reasoning. Af-
ter five school days of training, the students were given a stan-
dardized test of spatial reasoning. Score on this test is the
dependent variable.

(a) The table below shows all six treatment conditions. Make
columns indicating the contrasts you would use to test the
main effect for Training Program.

Girls, Program 1

Girls, Program 2

Girls, Program 3

Boys, Program 1

Boys, Program 2

Boys, Program 3

(b) The table below shows all six treatment conditions. Make
columns indicating the contrasts you would use to test the
Sex by Training Program interaction.

Girls, Program 1

Girls, Program 2

Girls, Program 3

Boys, Program 1

Boys, Program 2

Boys, Program 3

continued on page 7
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6. In Question 5, suppose we include the child’s marks (overall
GPA last marking period) as a covariate. Call this variable
X1. You will define a regression model for this analysis of
covariance. Your model will have an intercept [y.

(a) In the table below, show how your dummy variables are
defined. Write the name of each dummy variable at the

head of its column.

Girls, Program 1

Girls, Program 2

Girls, Program 3

Boys, Program 1

Boys, Program 2

Boys, Program 3

(b) Give E[Y|X] for the full model.

(c) Fill in the table below. Make sure that the symbols for

your dummy variables do not appear.

Treatment Combination

EY|X]

Girls, Program 1

Girls, Program 2

Girls, Program 3

Boys, Program 1

Boys, Program 2

Boys, Program 3

(d) Suppose you want to test for the main effect of Sex (con-
trolling for marks). Give one or more linear combinations
of the  values set equal to zero, to specify the null hypoth-
esis. Of course these restrictions also specify a reduced (re-
stricted) model, but you need not write that model. Just
write one or more linear combinations set equal to zero.

continued on page 8
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10 points 7. Please refer to the printout for the Mantids study. Consider
the two-factor ANOVA in which the dependent variable is fre-
quency of alarm calls when the predator is 18 cm away.

(a)

The first question is whether there is a difference among
the eight means of this design, in the population.
i. Give the numerical value of the F' statistic. The answer

is a number from the printout.

ii. Give the p-value. The answer is a number from the
printout.

iii. Are the differences among sample means statistically
significant at the 0.05 level? Answer Yes or No.

iv. Is there any difference among the eight population means?
Answer Yes, No, or No Conclusion.

Now we would like to know whether the effect of Predator
depends upon Sex of Mantid.

i. Give the numerical value of the F' statistic. The answer
is a number from the printout.

ii. Give the p-value. The answer is a number from the
printout.

iii. Is this test statistically significant at the 0.05 level?
Answer Yes or No.

iv. Considered as a Scheffé followup to the test of Ques-
tion 7a, is this “it depends” test statistically significant
at the joint 0.05 level? Answer Yes or No.

v. What critical value of F' are you using? The answer is
a single number from the printout.

Now we want to know whether, averaging over predators,
there is a Sex difference in the frequency of alarm calls they
elicit.

i. Give the numerical value of the F' statistic. The answer
is a number from the printout.

ii. Considered as a Scheffé followup to the test of Ques-
tion 7a, is this statistically significant at the joint 0.05
level? Answer Yes or No.

iii. What critical value of F' are you using? The answer is
a single number from the printout.

continued on page 9
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1v.

Give the marginal means for Males and Females. The
answer is two numbers from the printout.

(d) Now we want to know whether, averaging over males and
females, there is a difference among predators in frequency
of alarm calls.

i.

11.

iii.

1v.

Give the numerical value of the F' statistic. The answer

is a number from the printout.

Considered as a Scheffé followup to the test of Ques-

tion 7a, is this statistically significant at the joint 0.05

level? Answer Yes or No.

What critical value of F' are you using? The answer is

a single number from the printout.

Considering the pairwise differences between marginal

means as Scheffé followups to the test of Question 7a,

A. What difference(s) are statistically significant at the
joint 0.05 level?

B. State the findings (if any) in plain, non-statistical
language. You have much more room than you
need.

continued on page 10
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10 points 8. Please refer to the printout for the Longitudinal 1Q study.

(a)

Consider a study participant whose birth mother had an
IQ of 100, and whose adoptive mother had 16 years of ed-
ucation. Predict this person’s 1Q at age 13. Base your
prediction on the full model, without regard to any signif-
icance tests. Your answer is a single number, rounded to a
whole number. Circle your answer.

Considering all four dependent variables simultaneously,

we want to know whether, controlling for adoptive mother’s

education, the birth mother’s IQ is related to her child’s

1Q.

i. Give the numerical value of the F' statistic. The answer

is a number from the printout.

ii. Give the p-value. The answer is a number from the
printout.

iii. Is this test statistically significant at the 0.05 level?
Answer Yes or No.

iv. Treating the univariate tests as Bonferroni-corrected
follow-ups to the multivariate test, at what age or ages
(if any) does the relationship hold?

Considering all four dependent variables simultaneously,

we want to know whether, controlling for birth mother’s

IQ, adoptive mother’s education is related to her child’s

1Q.

i. Give the numerical value of the F' statistic. The answer
is a number from the printout.

ii. Give the p-value. The answer is a number from the
printout.

iii. Is this test statistically significant at the 0.05 level?
Answer Yes or No.

iv. Treating the univariate tests as Bonferroni-corrected
follow-ups to the multivariate test, at what age or ages
(if any) does the relationship hold?

Which is a more promising predictor of child’s 1Q, birth
mother’s IQ or adoptive mother’s education?

continued on page 11
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10 points 9. Continuing with the printout from the longitudinal 1Q study,
we will apply an analysis of covariance.

(a) What are the covariates?

(b) What is the factor?

(c) Is the factor between-cases, or within-cases?

(d) Give the F-statistic for whether, controlling for birth mother’s
IQ and adoptive mother’s education, there is a change over
time in the childrens’ average 1Q. The answer is a number
from the printout.

(e) Follow up the test for age with Bonferroni-corrected pair-
wise comparisons. You are comparing p-values on the print-
out to what number? The answer is a number between zero
and one.

(f) Guided by these significance tests and other numbers on
the printout, state the results in simple, non-statistical lan-
guage. You have more room than you need.

continued on page 12



STA442H5S page 12 of 12

10 points 10. Finally, please look at the printout from the Cartoon study.

(a) The printout gives a “Null Model Likelihood Ratio Test.”
What does this tell us? Any kind of language (statistical
or not) is okay here.

(b) Describe the main results of this analysis in simple, non-
statistical language. A good answer could easily be two
short sentences, with no numbers.

Total Marks = 100 points



