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Elements of Statistics (Math 106) - Final Exam
Fall 2002
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Part I. True or False. Each problem is worth 5 points.

T @ The bar chart shows the numbers of 1994 visitors to the top ten overseas destinations of
U.S. travelers. There were just as many travelers to the fop rwo destinations as there
were to the next eight.

Humber of Visitors {in 1994} to Top Ten 15 o
Overseas Destinations of U.5. Travelers ,rlf ot
e v IF
150 — T L '
T tE&
8% g
ig
'EE 150—
£y
£ 2
28 _
50— E
i3
EK
((J; F 509% of the data in a boxplot lie in the interquartile range.
T @ Set A appears to be bimodal. (See graph below.) 5/
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(@ F Set A and set B have the same median. (See graph above)

F Simpson's paradox occurs only in those tables that when combined exhibit a different
: ordering of the conditional probabilities.

1 i & @ An investigator wishes to select a sample of students at a particular high school. He
decides to choose the first 50 students who enter the cafeteria during the late lunch
period. The resulting sample can be considered a simple random sample from the
population of students at this school.

i ( F/ In stratified random sampling, individuals are selected at random from only a few
randomly selected strata.
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The reason that stratified random sampling is preferred over simple random sampling is
because it reduces the risk of selection bias.

A doctor wishes to study the relationship between exercise and cholesterol level. Thirty
subjects available for the study are randomly divided into two groups. One group will not
exercise while the second group will exercise three times a week. Blood cholesterol
levels will be measured at the beginning and at the end of the 3-month study. Such a
study is called an experiment.

Randomization is important in experiments because it reduces the chance that a lurking
variable will confound the results.

To test the effectiveness of a pre-wash stain treatment, 20 pieces of white cotton cloth are
stained with various products such as ketchup, mustard, oil, and dirt. Half of each cloth is
treated with a pre-wash stain treatment, and the other half is left untreated. Which half

gets the treatment is determined by a flip of a coin. The 20 pieces of cloth are washed, /
and the difference in whiteness between the treated and untreated halves is evaluated. 2{’"‘%
This is an example of a completely randomized design. @f"@s;;,'—’

A mechanical engineer is studying the force developed by a drill press. She suspects that
the rate at which material is fed to the press may be an important factor. She has 4 feed
rates. There are 8 operators who normally use the drill press. Each operator uses the drill
press at each of the 4 feed rates. The order of the feed rates is randomized for each
operator. This is an example of a randomized complete block design.

If a discrete random variable, X, has the following probability distribution, then
P(X <3)=04. 5
Dk

Tl 2 B P sl
Prob 0.25 10.10 _10.05 [0.10 10.50

If a random variables Z is the difference of 2 independent random variables, Pand Q; Z =
P - Q and P and Q are independent, then the standard deviation of Z is the sum of the
standard deviations of P and Q. ,

The total score obtained in the SAT test is a random variable described by adding the M o rart
total of the 2 components of the test, the verbal and the math. The variance of the total ;
can be found by adding the variances of each of the two components.

If the random variable X follows a N (g, o) distribution, then for any specific value x
the area to the right of £ + x is the same as the area to the left of # — X because of

symmetry.
If a statistic is a biased estimator of a population parameter of interest, increasing the
sample size results in less bias.



Part Il. Multiple Choice. Each problem is worth 5 points.

I. Here are the body and backpack weights of the eight members of Summit Squad, a group of

backpackers from Walker High. 0, ik 0. €
| | e
Name  |Body Weight (Ib.) |Backpack Weight (1b.)
Amble 120 26
Plodder 187 30|
Slog 109 26
ChLiff 103 24
Saunter 131 29
Thumper 165 33
Belay 158 31
Rocky 116 28
Perform a least squares regression analysis. Which student has the largest residual?
a. Amble
b. Plodder
¢. Chff
d. Saunter

@ Thumper

2. The time it takes to get to work is distributed according to the following distribution.

tfs

mins

30 40 50 60
Tirne Baken to get bo work

What is the probability that it takes less than 40 minutes to get to work?
a. 0
b. 0.333
© 04
d. 0.5
e. 0.6




3. Application temperatures for a manufacturing process that seals bags vary uniformly from
240 to 245°° F. What is the probability that the application temperature for a randomly selected
bag will be at most 243°° F?
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4. Suppose that a random-number generator follows the triangular distribution shown in the
graph.
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What is the chance that a randomly selected number will be at most 0.57 = 5;/?'

a. 0.0
b. 0.25
c. 0.5
@ 0.75
e. 1.0

5. Suppose that X follows a N(80, 20) distribution and Z is a standard normal random variable.
All but one of the probabilities below are equal. Which one is different?
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3. Application temperatures for a manufacturing process that seals bags vary uniformly from
240 to 245°° F. What is the probability that the application temperature for a randomly selected
bag will be at most 243°° F?
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4. Suppose that a random-number generator follows the triangular distribution shown in the
graph.
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What is the chance that a randomly selected number will be at most 0.5? 2 f/?'

a. 0.0
b. 0.25
c. 0.5
@ 075
e. 1.0

5. Suppose that X follows a N(80, 20) distribution and Z is a standard normal random variable.
All but one of the probabilities below are equal. Which one is different?

Aa. P(Z<1.38)
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6. As part of an experiment to evaluate student achievement in math, a pretest and a posttest
were given to each student. The investigators were testing the hypothesis of zero change in test
scores. Which of the following must have an approximately normal distribution for the
hypothesis test to be a valid procedure?

a. The pretest scores.

b. The posttest scores.

& (<) The change in scores, (posttest - pretest).
d. More than one of the above.

7. The following data displays are thigh temperatures for a sample of deer. Which statement
below best describes your assessment of the plausibility of modeling these data with a normal

curve?

Distributions

Thigh Temp 5 B a. The boxplot indicates some skew, but the
'm a points are basically linear in the normal
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B /I / g 17 clear evidence that the data are not normal.
it )
i @ All the graphical displays show that there is
" Eﬂ:‘_ & significant skew in these data, clearly
indicating nonnormality.
d. The boxplot does show some outliers at the
IR low end, but with this number of

observations, outliers are inevitable and do
not suggest a lack of normality.
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8. Which of the following confidence level/sample size combinations will result in the narrowest
2 confidence interval for a population mean?

a. 90% confidence level, n=50

90% confidence level, n=100

b ¢. 95% confidence level, n=100
d. 99% confidence level, n=50

e. 999% confidence level, n=100




9. The boxplots below show the simulated sampling distributions for a population distribution
with center at 10 and sample means of size 7 and 28 from this population. Which of the
following statements lists the correct order for the densities for the population, the mean for
sample size 7, and the mean for sample size 287
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10. Which of the following is not a characteristic of a normal probability distribution?

a. The distribution is symmetrical.
[/ b. The mean, median, and mode are all equal.
() The standard deviation must be equal to 1.
d. The mean can be negative, zero, or positive.

11. Which of the scatter plots displays a correlation closest to -17
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Part III. Problems. The point values for each part are in parentheses. To receive maximum
credit, please show your work.

1. When modern PCs with statistical analysis software operate, data are frequently swapped
back and forth between the computer and the hard drive. Because of this, the choice of disk
drives is an important factor when large data sets are analyzed. The Acme Statistics Group
installed 7 hard drives of each of two brands on 14 randomly selected computers. (Each hard
drive was "rated” at the same data transfer speed.) They measured the times (in seconds) to
perform a specified set of statistical calculations. The data for the two hard drives are given in
the table below. Your task is to estimate the difference in means for the computation times for
the two brands of hard drive. [37] AP %2
Time to Complete Statistical Analysis

Brand A Brand B
9.2 8.1
9.4 7.9
8.4 7.9
9.2 8
8.6 8.25
8.6 7.8
8.9 8.4

2. Based on the information above, which procedure would you tentatively decide to utilize:
the two-sample independent ¢ or the paired 1? Justify your response with an appropriate

; #-u-“}rl statistical argur;gnt. (5) £ I 3 4 se A ‘?{ el
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b. The procedures mentioned in the previous part assume sampling from normal populations.
Assess the credibility of this assumption graphically. (5)
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led € sufficient evidence that the means are different for the two brands of hard drives?
[usior L.AProvide appropriate statistical jus?‘icatinn for your response. {,I,L]l.
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2. One problem with owning a fishing-boat fleet is that barnacles attach themselves to the
bottom of the boats. Two new barnacle-resistant paints have come on the market, each claiming
to resist barnacle infestation. One fleet owner tested the two paints by painting both sides of his
boats, each side with one brand, randomly assigned. (Yes, they were the same color!) At the end
of the fishing season, the boats were raised and the barnacles scraped off. The amount of
infestation, in pounds, is presented in the table below. You have been asked to perform the data

analysis and report to the fleet owner. JEL ] f{f “/
Boat Number Paint 1 Paint 2 Boat Number Paint 1 Paint 2

1 32.5 33.0 4] 2.5 29.5

2 34.7 34.5 6 32.5 32.5

3 25.0 29.9 £ 33.0 34.2

4 32.7 28.9 8 3.9 25.0

a. Assess the credibility of the assumption(s) necessary to test the hypothesis of equal
barnacle resistance for these two paints. (5)
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P Clearly state your hypotheses, test statistic, p-value, and conclusion. (10)
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3. In a June 2000 CNN/Time Magazine poll, 30% of American adults answered "disturbing

trend" to the question "Do you think that reality-based television shows are a disturbing trend for
society or just harmless entertainment?” A student interested in statistics wants to know if high

school seniors feel the same way at her school. She decides to take a random sample of 90

seniors and finds that 35 answer "disturbing trend.” Perform a test of hypotheses to answer the
student's question at the 5% significance level and clearly state the conclusion. (20) [37/ ] A /2.
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4. One of the perils of traveling by air is that people must share a c%rﬁ(fﬁuﬁ armrest. When one g

person uses the armrest, this can be bothersome to the other person. A recent study randomly . /Kfr
sampled male/female pairs of individuals not traveling together but sitting next to each other and
sharing an armrest. They were asked whether they were bothered when their seatmate used the

common armrest. Here is a contingency table of their responses: L7 ?} /4 £/

Bothered Mot Bothered Total
Female|19 s5¢ % [26  /7c & 4s | = ggﬁﬂéo/cw?’

Male[38  #¢ “ |18 zr oy A 56 oy
Total |57 44 101

a. Based on these data, what is the expected number of females who were not bothered by
2 2,57 their seatmates’ use of the armrest? (5)
Z5(¥%)

‘ﬁ [[,4',“,,4; wit e /{E-'w/]= =7 r7eof

R ” b. Is there any association between gender and propensity to be bothered by a seatmate's use
of the common armrest? Be sure to show all your steps. (10)
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¢. In a few sentences, how would you interpret your results for someone not versed in

statistics? (10) S
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5. Management of shared disk space on a computer network is an important problem. Below are
graphical and numerical summaries of the amount of disk space used for a simple random
sample of 80 users of a large computer network.

Disk Space Used (KE)
— *
T T | ! 1
0 500 1000 1500 2000 2500
Disk space

n =80; y = 973.6kilobytes (KB);s = 483.1KB

‘/ a. Describe the shape of the boxplot. What conditions necessary for inference may be
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6. 20-ounce bottles of Brown 'n Sweet soda are labeled with a sticker that says "1 in 6 wins a
cool prize.” Suzie Sucrose purchases a bottle of Brown 'n Sweet and twists off the cap
hopefully. Her hopes are dashed when she sees the words "Tough luck, try again,” on the
underside of the cap. Suzie starts sniveling, then whines to her mother, "Pleeeeze can | buy five
more bottles? T want to win a prize!” Her mother explains that buying five more bottles won't
guarantee that she wins the cool prize. Suzie is bewildered. If her mother gives in to Suzie's
whinh% and lets heg,buy five more Brown n Szccl?odﬂsﬁ what is the probability that Suzie wjns
> fre

q,g_ﬁ/{,ng D2y ] (ales Peb Dst> Pracuic] [r9] stal
a. exactly one Cﬂa{prize; (5) ?Af‘ f) 2 1 /1}/5/5,: ot9
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At b deotomeiS0) Hopgrle wEBY b i
f c. at least one cool prize; (5) F‘D(:": 3!) = p= ﬂ/ﬁff) = (- el = . & 5‘/‘3’@3

- d. less than one cool prize; (5) /;’(I ‘ff} - P(E:cj = ‘r’-f-’fﬁ 9038
e. more than one cool prize? (5) p{z }"): .fﬂ'fa('é: g;) = oy - ,fﬁ?é?;_!{_*

7 The Associated Press (Dec. 16, 1991) reported that in a random sample of 507 adult U.S.

citizens, only 142 could correctly identify the Bill of Rights as the first ten amendments to the
U.S. Constitution. w27 A 4/

b a. Identify the parameter of interest and provide the Wilson estimate and the traditional
. estimate for this parameter. (10)
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b. Calculate and interpret a 90% confidence interval for the proportion of adult U.S. citizens
who could correctly identify the Bill of Rights. (15)
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8. The airline industry is interested in estimating the average weight of luggage (both checked
and carry-on) brought by an individual passenger for a cross-country flight. Experience has
shown that the length of time a passenger will be away from home affects how much luggage she
will carry on a flight. A random sample of 500 passengers who were traveling from their home
airports on a cross-country, round-trip ticket was selected. Each passenger's checked and carry-

on luggage was weighed. Here are some summary statistics for this sample: 4 (
. __ pediler ; Teshease 1”)
Duration of Trip (:cj Weight of Luggage
Mean 5 days 65.2 pounds
Standard Deviation 3 days 14.3 pounds
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b. A scatter plot of the data reveals a correlation of 0.63 between trip duration and weight of
luggage. Suppose that each passenger is given a two-pound deli snack to carry onto the
plane. Now each passenger's total luggage weight has increased by two pounds. What

effect will this have on the correlatmn coefficient? Explain. (5) o i f/ s /;} " / Ao

(o cads fo fle luggag€ e
dé ;djiﬂﬁffivﬁ?rﬁf’af‘ by Ffarc cme¥s i Ao gasace c.-_’r'fffq““? 7'2','-’_ “/’//’{ﬂ”"

Aﬂecf{ o #{“ Cor e ot fce‘:‘%hm-el. // MJ’{;/-{';E’ o . 55:'

. Find the equation of the least squares regression line for predicting luggage weight from
J ' H p duration. Show your method. (10)
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o PLT'? 4 d. Interpret the slope and y-intercept of your least squan:s regressmn line fmm part c. in the
_J‘:El context of this problem. (5)
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9. Suppose the average number of people in attendance at a showing of the new release of a
movie in a local theater is 120 with a standard of 16. There are five showings of the movie each &
day. f,;qri_lf HP €2
a. Approximate the probability that at least 4250 people will see the new movie in this
theater in the next week (7 days) by using the sampling distribution of the sample mean.
What assumptions are you making in your calculations? (10) / —_—
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b. Past records indicate that the average attendance increases by 25 at each s owing on
Saturday and Sunday if the weather is bad and decreases by 25 if the weather is good.
\ How would your approximate probability change if weather forecasters indicate that

| EU_ there will be a stormy weekend? Explain. (10) // ) |
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[} A‘g: ¢. Would your approximate probability in part (a) change if the forecast calls for Saturday to
] FP:‘!"J be a sunny day and rain on Sunday? Explain. (5)
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