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Name:_________________________________ 
 

Check one:     Section 1 (Mon-Wed. 10:30-noon):_____  
Section 2 (Mon-Wed. 1:30-3:00):_____ 

 
Statistics 431 Final Exam 

May 4, 2004 4-6pm 
Prof. Zanutto 

• This exam is closed book. 
• You may use a calculator. 
• You must write the exam using pen (not pencil). 
• A table of formulas and statistical tables have been provided for 

you at the end of this exam.  
• Show all your work. 
• Be sure to state the null hypothesis, test statistic, conclusion, 

interpretation, etc for any statistical test that you use. 
 
• Check assumptions only when I ask. 

 
 
 
 

Question Total Points Points Received 
1 10  
2 22  
3 6  
4 8  
5 15  
6  4  
   

Total 65  
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1) [ 2 points each] The following is a list of some of the statistical methods that you 

have learned about in this course. 
• One sample t/Z-test of a population mean 
• One sample Z-test of a population proportion 
• Two sample  t/Z-test of population means 
• Two sample Z-test of population proportions 
• Matched pairs t/Z-test. 
• One-way ANOVA 
• Two-way ANOVA 
• Randomized Block Design ANOVA 
• Simple linear regression 
• Multiple Linear Regression 
 

For each of the situations described below, state the technique (from the list above) 
that you believe is appropriate. If none are appropriate, state “none of the above”.  
No calculations are required.  If more than one procedure is appropriate, pick 
the simplest one. 

 
a) A nutritionist claims that the proportion of females who consume too much 

saturated fat is lower than the proportion of males who consume too much 
saturated fat. As evidence, she reports the results of her study where she 
interviewed 950 randomly selected people (525 women and 425 men) and asked 
them about how many grams of saturated fat they consumed, on average per day.  

 
 
 
 

b) The insurance Institute for Highway Safety conducts experiments in which cars 
are crashed into a fixed barrier at 40mph. The impact of this crash on the crash 
test dummy is measured in terms of the chest compression (in mm) of the dummy. 
The test is conducted for a sample of large family cars, passenger vans, and 
midsize utility vehicles. You want to know if average chest compression differs 
among these three types of vehicles. 

 
 
 
 

c) The Gallup poll conducted a series of surveys to try to find out if the percentage 
of Americans who smoke is declining. In particular, they conducted a survey in 
November 1990 asking 1028 adults about their smoking habits. The question of 
most interest was whether they had smoked at least one cigarette in the past week. 
They repeated this survey to a separate random sample of 1028 adults in 
November 2000, asking the same questions. 
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d) Two drugs, A and B, used for the treatment of glaucoma (an eye disease) were 
tested for effectiveness on 10 diseased dogs. Drug A was administered to one eye 
(chosen randomly) of each dog and drug B was administered to the other eye. Eye 
pressure measurements were taken 1 hour later on both eyes of each dog. The 
larger the pressure measurement the more serious the eye disease. 

 
 
 
 

e) A car owner wants to estimate the depreciation on his Chevy Camaro. To gather 
some data, he surveys used-car dealers and gets data on the selling price and age 
of 15 used Chevy Camaros (of various ages) in his local area. He wants to use this 
data to predict the value of his Chevy Camaro based on its age. 
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2) [1 point each] Multiple Choice. Circle ONE answer (the best answer) for each 
question below. 

 
1) Under which of the following circumstances is it impossible to construct a confidence 

interval for the population mean using the methods from this course? 
a) A non-normal population with a large sample and an unknown population 

variance 
b) A normal population with a large sample and a known population variance 
c) Non-normal population with a small sample and an unknown population variance 
d) A normal population with a small sample and an unknown population variance 

 
2) The lower limit of a confidence interval at the 95% level of confidence for the 

population proportion if a sample of size 200 had 40 successes is: 
a) 0.2554 
b) 0.1446 
c) 0.2465 
d) 0.554 

 
3) A 99% confidence interval for the mean µ of a normal population when the standard 

deviation σ  is known is found to be 98.6 to 118.4.  If the confidence level is reduced 
to .95, the confidence interval for µ   
a) becomes wider 
b) becomes narrower 
c) remains unchanged 
d) None of the above answers are correct.  

 
4) Suppose that an investigator believes that virtually all values in the population are 

between 38 and 70.  The appropriate sample size for estimating the true population 
mean µ within 2 units with 95% confidence level is approximately 
a) 61 
b) 62 
c) 15 
d) 16 
e) None of the above answers are correct. 

 
5) In testing the hypotheses 

0 : 0.40H p =  

1 : 0.40H p >   
at the 5% significance level, if the sample proportion is .45 and the sample 
size is 100, the appropriate conclusion would be: 

a) to reject 0H  
b) not to reject 0H  
c) to reject 1H  
d) to reject both 0H  and 1H  
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6) Suppose that a t test of : 250  versus  : 250o aH Hµ µ= ≠  is based on 12 degrees of 

freedom.  If the calculated value of the test statistic is 2.8, then the P-value is  
a) .008 
b) .992 
c) .016 
d) .492 
e) .496 

 
7) The Student t distribution approaches the normal distribution as the: 

a) degrees of freedom increase 
b) degrees of freedom decrease 
c) sample size decreases 
d) population size increases 

 
8) For testing the difference between two population proportions, the pooled 

proportion estimate should be used to compute the value of the test statistic 
when the: 
a) populations are normally distributed 
b) sample sizes are small 
c) samples are independently drawn from the populations 
d) null hypothesis states that the two population proportions are equal 

 
 
9) When the effect of a level for one factor depends on which level of another factor is 

present, the most appropriate ANOVA design to use in this situation is the: 
a) matched pairs design 
b) one-way ANOVA 
c) two-way ANOVA 
d) randomized block design 

 
10) The F-statistic in a one-way ANOVA represents the variation: 

a) between the treatments plus the variation within the treatments 
b) within the treatments minus the variation between the treatments 
c) between the treatments divided by the variation within the treatments 
d) variation within the treatments divided by the variation between the treatments 

 
11) In single-factor analysis of variance, if large differences exist among the sample 

means, it is then reasonable to 
a) reject the null hypothesis 
b) reject the alternative hypothesis 
c) fail to reject the null hypothesis 
d) none of the above is correct 
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12) The randomized block design with exactly two treatments is equivalent to a two-tail: 
a) independent samples z-test 
b) independent samples equal-variances t-test 
c) independent samples unequal-variances t-test 
d) matched pairs t-test 

 
13) A professor of statistics in Wayne State University wants to determine whether the 

average starting salaries among graduates of the 15 universities in Michigan are 
equal. A sample of 25 recent graduates from each university was randomly taken. The 
appropriate critical value for the ANOVA test is obtained from the F-distribution with 
degrees of freedom equal: 
a) 15 and 25 
b) 14 and 360 
c) 360 and 14 
d) 14 and 375 

 
14)  A randomized block design with 4 treatments and 5 blocks produced the 

following sum of squares values: TotalSS  = 1951, SSTr = 349, SSE = 188 . The 
value of SSB must be: 
a) 1414 
b) 537 
c) 1763 
d) 1602 

 
15) In order to estimate with 95% confidence the average value of y in a simple linear 

regression problem, a random sample of 10 observations is taken.  Which of the 
following t-table values listed below would be used? 
a) 2.228 
b) 2.306 
c) 1.860 
d) 2.262 

 
16) In simple linear regression, the coefficient of correlation r  (measuring the correlation 

between y and x) and the least squares estimate 1β  of the population slope 1β : 
a) must be equal 
b) must have opposite signs 
c) must have the same sign 
d) may have opposite signs or the same sign 

 
17) Which of the following statements are not true if 3 7y x= − + ? 

a) The y-intercept is 7  
b) y decreases by 3 when x increases by 4  
c) y decreases by 3 when x increases by 1   
d) The slope of the line is -3  
e) All of the above statements are not true.  
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18) In order to test the validity of a multiple regression model involving 5 independent 

(X) variables and 30 observations, the numerator and denominator degrees of 
freedom (respectively) for the overall F-test are: 
a) 5 and 30 
b) 6 and 29 
c) 5 and 24 
d) 4 and 25 

  
19) In multiple regression analysis involving 10 independent (X) variables and 100 

observations, the critical value of t for testing individual coefficients in the model will 
have: 
a) 99 degrees of freedom 
b) 10 degrees of freedom 
c) 89 degrees of freedom 
d) 9 degrees of freedom 

 
20) If  2R  is 0.975 in a simple linear regression, then the slope of the regression line: 

a) must be positive 
b) must be negative 
c) could be either positive or negative 
d) None of the above answers if correct 

 
21) In a simple linear regression predicting Y from X, when testing 

0 1 1: 0 versus : 0,aH Hβ β= ≠ using a sample of 22 observations, the test statistic value is 
found to be t = -2.528.  The approximate P-value of the test is     
a) .01 
b) .02 
c) .025 
d) .05 
e) .99 

 
 

22) In general, to represent a categorical independent (X) variable that has m possible 
categories in a linear regression model, we must create: 
a) (m + 1) dummy variables 
b) m  dummy variables 
c) (m – 1) dummy variables 
d) (m – 2) dummy variables 
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       55

Moments
Company 1
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  -3677
  -3862
  -3862
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Std Dev
Std Err Mean
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low er 95% Mean
N

520.85455
1854.9234
250.11783
1022.3106
19.398497

       55

Moments
Diff

Distributions

 
3) Every April, Americans fill out their tax return forms. Many turn to tax preparation 

companies to do this tedious job. The question arises, “Are there differences between 
companies?” In an experiment, two of the largest companies were asked to prepare 
the tax returns of a sample of 55 taxpayers. The amounts of tax people owed were 
recorded and analyzes (this sample deals only with people who owed taxes, no one 
was due a refund). Descriptive statistics for this data is shown below (Diff= taxes 
calculated by company 1 – taxes calculated by company 2). 
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a) [3 points] Can we conclude that there is a difference between the two companies?  

Use a 2-sided test. Check any necessary assumptions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b) [3 points] Suppose for a different analysis, using just data from Company 1 

(ignoring data from Company 2), you wanted to test whether the average amount 
of tax owed is less than $10,000.  Using the sample data from Company 1, how 
much power would you have to reject 0 : 10,000H µ =  in favor of 

: 10,000AH µ <  if the true average amount of tax owed is $9,000? (use α =0.05) 
 
 
 



 10

 
4) A study investigated whether a practice exam helps students prepare for a final exam. 

In this experiment, students in an introductory psychology class at Penn State were 
initially divided into 3 groups based on their class standing (based on their most 
recent tests and homework): Low, Medium, High. Within each group, students were 
randomly assigned to either attend a review session or take a practice exam prior to 
the final exam. There were 22 students in each of the 2*3=6 treatment groups. After 
completing the final exam, each student rated their exam preparation on an 11-point 
scale ranging from 0 (not helpful at all) to 10 (extremely helpful). These data are 
analyzed on the next page. 

 
Prep=practice exam or review session 
Standing=low, medium, high 
 
a) [3 points] Does the effect of the preparation (practice exam or review session) depend 
on a student’s standing in the class? 
 
 
 
 
 
 
 
 
 
 
 
b) [4 points] Is there a difference in average helpfulness (as rated by the students) 
between the practice exam and the review session? If yes, which is more helpful? If you 
can’t answer this question, say why. 
 
 
 
 
 
 
 
 
 
 
 
c) [1 point] This design allows us to find out if different preparations (review session or 
practice exam) work differently for different types of students. Suppose we could only 
administer one preparation (either everyone gets the practice exam or everyone gets the 
review session), so we wanted to know which preparation was the best overall. Would 
you change the analysis on the next page? How?
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5) Market research was conducted for a national retail company to compare the 

relationship between sales and advertising expenditures during the warm Spring and 
Summer seasons (season=0) as compared with the cool Fall and Winter seasons 
(season=1). The data analyzed below were collected over 50 (!) years. 

 
a) [3 points] Three regression models were fitted to this data. Find the model that 

specifies parallel lines for warm season and cool season sales as a function of 
advertising expenditures (ad.exp=millions of dollars). Write out the estimated 
regression line for the warm seasons, and separately, the estimated regression line 
for cool seasons. 

 
 
 
 
 
 
 
 
b) [2 points] Does a model that allows for different slopes for warm and cool seasons 

fit the data better? Report and interpret the appropriate test (give null hypothesis, 
test statistic, distribution, interpretation, etc.) 
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c) [1 point] Interpret the 2R for model #2. 
 
 
 
 

 
 
 
d) [2 points] Interpret the coefficient of ad.exp for model #2. 
 
 
 
 
 
 
e) [2 points] Comment on the residual plot for model #2. 
 
 
 
 
 
 
 
 
f) [2 points] What other diagnostics would you want to see for model #2? Give a 

complete list. 
 
 
 
 
 
 
 
 
 
 
 
g) [3 points] Calculate, by hand, an approximate 95% prediction interval for the 

sales in an individual warm season when advertising expenditures are 10 (million 
dollars) using Model #2. 
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6) [ 4 points] Suppose you have a sample of n observations, and you want to apply the 

following regression model to these data 
                                                1i i iy xβ ε= +      
where ε  is random error term with mean zero and variance 2σ . (Notice that there is no 
intercept coefficient in this model). 
 
Recall that the least squares regression estimates minimize the sum of squared errors 

                                                ( )
2

1

n

i i
i

SSE y y
=

= −∑  

 
Derive the least squares estimate of 1β  for this regression model (e.g. derive a formula 

that tells us how to calculate 1β from the n observations). 
 
 
 
 
 
 
 


