Name That Significance Test!

For each of the following questions, identify the appropriate significance test. Explain your reasoning.

A bottle-filling machine is set to dispense 12.1 fluid ounces into juice bottles. To ensure that the machine is
filling accurately, every hour a worker randomly selects four bottles filled by the machine during the past hour
and measures the contents. If there is convincing evidence that the mean amount of juice dispensed is different
from 12.1 ounces or if there is convincing evidence that the standard deviation is greater than 0.05 ounce, the

machine is shut down for recalibration. It can be assumed that the amount of juice that is dispensed into bottles
is normally distributed.

During one hour, the mean number of fluid ounces of four randomly selected bottles was 12.05 and the standard
deviation was 0.085 ounce.

(a) Perform a test of significance to determine whether the mean amount of juice dispensed is different from
12.1 fluid ounces. Assume the conditions for inference are met.

High cholesterol levels in people can be reduced by exercise, diet, and medication. Twenty middle-aged males
with cholesterol readings between 220 and 240 milligrams per deciliter (mg/dL) of blood were randomly
selected from the population of such male patients at a large local hospital. Ten of the 20 males were randomly
assigned to group A, advised on appropriate exercise and diet, and also received a placebo. The other 10 males
were assigned to group B, received the same advice on appropriate exercise and diet, but received a drug
intended to reduce cholesterol instead of a placebo. After three months, posttreatment cholesterol readings were
taken for all 20 males and compared to pretreatment cholesterol readings. The tables below give the reduction in
cholesterol level (pretreatment reading minus posttreatment reading) for each male in the study.

Group A (placebo)

Reduction (in mg/dL) 2 19 8 4 12 8 17 7 24 1
Mean Reduction: 10.20 Standard Deviation of Reductions: 7.66

Group B (cholesterol drug)

Reduction (in mg/dL) 30 19 18 17 20 | -4 23 10 9 22
Mean Reduction: 16.40 Standard Deviation of Reductions: 9.40

Do the data provide convincing evidence, at the & =0.01 level, that the cholesterol drug is effective in
producing a reduction in mean cholesterol level beyond that produced by exercise and diet?
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Investigators at the U.S. Department of Agriculture wished to compare methods of determining the level
of E. coli bacteria contamination in beef. Two different methods (A and B) of determining the level of
contamination were used on each of ten randomly selected specimens of a certain type of beef. The data
obtained, in millimicrobes/liter of ground beef, for each of the methods are shown in the table below.

Specimen
1 2 3 4 3 6 7 8 9 10
A 227 | 236 | 240 | 27.1 | 274 | 27.8 | 344 | 352 | 404 | 46.8
B | 230 | 23.1 | 23.7 | 265 | 266 | 27.1 | 332 | 350 | 405 | 478

Method

Is there a significant difference in the mean amount of E. coli bacteria detected by the two methods for this
type of beef? Provide a statistical justification to support your answer.

The Colorado Rocky Mountain Rescue Service wishes to study the behavior of lost hikers. If more were
known about the direction in which lost hikers tend to walk, then more effective search strategies could be
devised. Two hundred hikers selected at random from those applying for hiking permits are asked whether
they would head uphill, downhill, or remain in the same place if they became lost while hiking. Each hiker
in the sample was also classified according to whether he or she was an experienced or novice hiker. The
resulting data are summarized in the following table.

Direction
Uphill Downbhill Remain in Same Place
Novice 20 50 50
Experienced 10 30 40

Do these data provide convincing evidence of an association between the level of hiking expertise and the
direction the hiker would head if lost?

Give appropriate statistical evidence to support your conclusion.

Some boxes of a certain brand of breakfast cereal include a voucher for a free video rental inside the box. The
company that makes the cereal claims that a voucher can be found in 20 percent of the boxes. However, based
on their experiences eating this cereal at home, a group of students believes that the proportion of boxes with
vouchers is less than 0.2. This group of students purchased 65 boxes of the cereal to investigate the company’s
claim. The students found a total of 11 vouchers for free video rentals in the 65 boxes.

Suppose it is reasonable to assume that the 65 boxes purchased by the students are a random sample of all boxes
of this cereal. Based on this sample, is there support for the students’ belief that the proportion of boxes with
vouchers is less than 0.2 ? Provide statistical evidence to support your answer.
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A large pet store buys the identical species of adult tropical fish from two different suppliers—Buy-Rite Pets
and Fish Friends. Several of the managers at the pet store suspect that the lengths of the fish from Fish Friends
are consistently greater than the lengths of the fish from Buy-Rite Pets. Random samples of 8 adult fish of the
species from Buy-Rite Pets and 10 adult fish of the same species from Fish Friends were selected and the lengths
of the fish, in inches, were recorded, as shown in the table below.

Length of Fish Mean gtax?dgrd
¢viation
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s

Do the data provide convincing evidence that the mean length of the adult fish of the species from Fish Friends
is greater than the mean length of the adult fish of the same species from Buy-Rite Pets?

A French study was conducted in the 1990s to compare the effectiveness of using an instrument called a
cardiopump with the effectiveness of using traditional cardiopulmonary resuscitation (CPR) in saving lives of
heart attack victims. Heart attack patients in participating cities were treated with either a cardiopump or CPR,
depending on whether the individual’s heart attack occurred on an even-numbered or an odd-numbered day of
the month. Before the start of the study, a coin was tossed to determine which treatment, a cardiopump or CPR,
was given on the even-numbered days. The other treatment was given on the odd-numbered days. In total,

754 patients were treated with a cardiopump, and 37 survived at least one year; while 746 patients were treated
with CPR, and 15 survived at least one year.

(b) Perform a statistical test to determine whether the survival rate for patients treated with a cardiopump is
significantly higher than the survival rate for patients treated with CPR.
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Windmills generate electricity by transferring energy from wind to a turbine. A study was conducted to examine
the relationship between wind velocity in miles per hour (mph) and electricity production in amperes for one
particular windmill. For the windmill, measurements were taken on twenty-five randomly selected days, and the
computer output for the regression analysis for predicting electricity production based on wind velocity is given
below. The regression model assumptions were checked and determined to be reasonable over the interval of
wind speeds represented in the data, which were from 10 miles per hour to 40 miles per hour.

Predictor Coet  SE Coefl T P

Constant 0.137 0.126 1.09 0.289

Wind velocity 0.240 0.019 12.63 0.000
S$=0.237 R-Sq =0.873 R-Sq (adj) = 0.868

(d) Is there statistically convincing evidence that electricity production by the windmill is related to wind
velocity? Explain.

Skunk ] 100

200 | 500

Contestants on a game show spin a wheel like the one shown in the figure above. Each of the four outcomes
on this wheel is equally likely and outcomes are independent from one spin to the next.

»  The contestant spins the wheel.
s If the result is a skunk, no money is won and the contestant’s turn is finished.

s If the result is a number, the corresponding amount in dollars is won. The contestant can then stop with
those winnings or can choose to spin again, and his or her tum continues.

»  If the contestant spins again and the result is a skunk, all of the money earned on that turn is lost and the
turn ends.

»  The contestant may continue adding to his or her winnings until he or she chooses to stop or until a spin
results in a skunk.

(c) A contestant who lost at this game alleges that the wheel is not fair. In order to check on the faimess of
the wheel, the data in the table below were collected for 100 spins of this wheel.

Result Skunk | S100 | S200 | S500
Frequency 33 21 20 26

Based on these data, can you conclude that the four outcomes on this wheel are not equally likely? Give
appropriate statistical evidence to support your answer.
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Regulations require that product labels on containers of food that are available for sale to the public accurately
state the amount of food in those containers. Specifically, if milk containers are labeled to have 128 fluid ounces
and the mean number of fluid ounces of milk in the containers is at least 128, the milk processor is considered to
be in compliance with the regulations. The filling machines can be set to the labeled amount. Variability in the
filling process causes the actual contents of milk containers to be normally distributed. A random sample of 12
containers of milk was drawn from the milk processing line in a plant, and the amount of milk in each container
was recorded.

(a) The sample mean and standard deviation of this sample of 12 containers of milk were 127.2 ounces and
2.1 ounces, respectively. Is there sufficient evidence to conclude that the packaging plant is not in
compliance with the regulations? Provide statistical justification for your answer.

A researcher conducted a medical study to investigate whether taking a low-dose aspirin reduces the chance

of developing colon cancer. As part of the study, 1,000 adult volunteers were randomly assigned to one of two
groups. Half of the volunteers were assigned to the experimental group that took a low-dose aspirin each day,
and the other half were assigned to the control group that took a placebo each day. At the end of six years,

15 of the people who took the low-dose aspirin had developed colon cancer and 26 of the people who took

the placebo had developed colon cancer. At the significance level e = 0.05, do the data provide convincing
statistical evidence that taking a low-dose aspirin each day would reduce the chance of developing colon cancer
among all people similar to the volunteers?

A random sample of 200 students was selected from a large college in the United States. Each selected student
was asked to give his or her opinion about the following statement.

“The most important quality of a person who aspires to be the President
of the United States is a knowledge of foreign affairs.”

Each response was recorded in one of five categories. The gender of each selected student was noted.
The data are summarized in the table below.

Response Category
Strongly | Somewhat | Neither Agree | Somewhat | Strongly
Disagree Disagree nor Disagree Agree Agree
Male 10 15 15 25 25
Female 20 25 25 25 15

Is there sufficient evidence to indicate that the response is dependent on gender? Provide statistical evidence

to support your conclusion.
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13 An advertising agency in a large city is conducting a survey of adults to investigate whether there is an
association between highest level of educational achievement and primary source for news. The company
takes a random sample of 2,500 adults in the city. The results are shown in the table below.

HIGHEST LEVEL OF EDUCATIONAL ACHIEVEMENT
Primary Source Not High High School Graduate
for N School But Not College College Graduate Total
or News
Graduate Graduate

Newspapers 49 205 188 442
Local television 90 170 75 335
Cable television 113 496 147 756
Internet 41 401 245 687
None 77 165 38 280
Total 370 1,437 693 2,500

(d) The company wants to conduct a statistical test to investigate whether there is an association between
educational achievement and primary source for news for adults in the city. What is the name of the
statistical test that should be used?

14 The developers of a training program designed to improve manual dexterity claim that people who complete the

6-week program will increase their manual dexterity. A random sample of 12 people enrolled in the training
program was selected. A measure of each person’s dexterity on a scale from 1 (lowest) to 9 (highest) was
recorded just before the start of and just after the completion of the 6-week program. The data are shown in the

table below.
Person Before Program After Program

A 6.7 7.8
B 54 59
C 7.0 7.6
D 6.6 6.6
E 6.9 7.6
F 7.2 7.7
G 5.5 6.0
H 71 7.0
| 7.9 7.8
J 5.9 6.4
K 8.4 8.7
L 6.5 6.5

Total 81.1 85.6

Can one conclude that the mean manual dexterity for people who have completed the 6-week training program
has significantly increased? Support your conclusion with appropriate statistical evidence.
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A serum cholesterol level above 250 milligrams per deciliter (mg/dl) of blood is a risk factor for cardiovascular
disease in humans. At a medical center in St. Louis, a study to test the effectiveness of a new cholesterol-
lowering drug was conducted. One hundred people with cholesterol levels between 250 mg/dl and 300 mg/dl
were available for this study. Fifty people were assigned at random to each of two treatment groups. One group
received the standard cholesterol-lowering medication and the other group received the new drug. After taking
the drug for three weeks, the 50 subjects who received the standard treatment had a mean decrease in cholesterol
level of 10 mg/dl with a standard deviation of 8 mg/dl, and the 50 subjects who received the new drug had a
mean decrease of 18 mg/dl with a standard deviation of 12 mg/dl.

Does the new drug appear to be more effective than the standard treatment in lowering mean cholesterol level?
Give appropriate statistical evidence to support your conclusion.

A survey organization conducted telephone interviews in December 2008 in which 1,009 randomly selected
adults in the United States responded to the following question.

At the present time, do you think television commercials are an effective way to promote a new product?

Of the 1,009 adults surveyed, 676 responded “yes.” In December 2007, 622 of 1,020 randomly selected adults in
the United States had responded “yes™ to the same question. Do the data provide convincing evidence that the

proportion of adults in the United States who would respond “yes” to the question changed from December 2007
to December 2008 ?
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