1
2

INTERPRETING
CATEGORICAL DATA

Categorical data involve
variables like gender,
intended college major,
being a mountain climber
(yes or no), or being a
smoker (yes or no) that
place an individual into
one of two or more
categories. Teen
engagement or nonengagement in risky
behaviors is a categorical
variable that is so
important that the U.S.
government monitors the
prevalence of such
behavior. Statistical tools
needed to calculate the
possible consequences of
engaging in risky behavior
are developed in this unit.
At the age of 18, you
become responsible for
making your own medical
decisions, albeit with
possible advice of family
members. It is likely that
you will be asked to help
make similar decisions
for other members of
your family.
In the three lessons of
this unit, you will learn
statistical methods to help
you make those decisions.

Lessons
Comparing the Risk
Use two-way frequency tables and
bar graphs to compare the risk of
some condition for two groups.
Understand the limitations of
anecdotal evidence and dangers of
the placebo effect when evaluating
the effectiveness of a treatment.
Understand the characteristics of a
well-designed experiment, especially
the role of randomization, to compare
the worth of different treatments.

A Test of Significance
Use proportional reasoning to
calculate frequencies expected under
homogeneity of two populations.
Compute and use the chi-square
statistic (χ2) as a measure of
difference between two samples.
Conduct and interpret a chi-square
test to make an inference about the
homogeneity of two populations.
Determine if the value of χ2 is
statistically significant.

The Relationship Between
Two Variables
Review conditional probability and
independent events. Use the definition
of independent events to calculate
frequencies expected under
independence of two categorical
variables. Conduct and interpret a
chi-square test to make an inference
about the independence of two
categorical variables in a population.
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Lesson

1

Comparing the Risk

Some teens engage in very risky behavior. About 6,748,000 high school boys in the United States do
not smoke cigarettes—but 1,645,000 do. The table below shows how many of these smokers and
non-smokers can be expected to get lung cancer (if the smokers continue to smoke, based on
Canadian data). (Sources: U.S. Census Bureau, Current Population Survey, October 2009, Internet
release date: February 2011; P. J. Villeneuve and Y. Mao, “Lifetime Probability of Developing Lung
Cancer, by Smoking Status, Canada,” Canadian Journal of Public Health, Vol. 85, November 1994,
pp. 385–388.)
Teenage Boys in the United States
Smoke Cigarettes Do Not Smoke Cigarettes
Get Lung Cancer

2

283,000

88,000

Do Not Get Lung Cancer

1,362,000

6,660,000

Total

1,645,000

6,748,000
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Think About This Situation
Use the data on the previous page to help you think about the question of whether or not
smoking causes lung cancer.
Is a smoker or a non-smoker more likely to get lung cancer? Explain your reasoning in
terms of the data reported in the table.
Is a boy who gets lung cancer more likely to be a smoker than a boy who does not get lung
cancer? Explain your reasoning.
Based on the reported data, complete this sentence: A male smoker is _____ times as
likely to get lung cancer as is a male non-smoker.
How many cases of lung cancer could be prevented if none of these boys smoked?
What exactly do people mean when they say that smoking causes lung cancer? Use the
information in the table to support their position. Are there any plausible reasons other than
smoking why smokers get lung cancer at a greater rate than non-smokers do?
Have you ever heard someone doubt that smoking causes lung cancer because he or she
knew a smoker who had not gotten lung cancer? Or perhaps they knew someone who did
have lung cancer and did not smoke. Do you think observations like these help to answer
the question of whether smoking causes lung cancer? Explain your thinking.

Soon you must be prepared to make your own medical decisions and monitor your own medical care.
The situation described above is typical of those you should understand: How does the proportion of
one group that has a condition compare to the proportion in another group that has the condition?

Summarizing and Displaying the Risk
The table on the previous page shows categorical data—the data collected are whether each boy falls
into the category of smoker or non-smoker and into the category of lung cancer or not. People often
find such a table difficult to interpret. Summary statistics and a thoughtfully made graph can make
comparisons easier.
As you work on the problems in this investigation, look for answers to this question:
What summary statistics and graphs can make categorical data easier to comprehend?
Absolute risk is defined as the proportion or percentage of people in a group for whom an
undesirable event occurs. In college classrooms, students typically can choose their own seats.
Professors have noticed a difference in grades between students who choose to sit in the front
and those who choose to sit in the back. For example, in one math class, 9 of the 20 students
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who sat in the back failed the class, but only 3 of the 20 students who sat in the front failed the
class. What was the absolute risk of failing the class for students who sat in the back? For
students who sat in the front? Give your answers as fractions, proportions, and percents.
According to breastcancer.org, “Researchers estimate that 1 in 8 women will be diagnosed with
invasive breast cancer at some time in their lives.”

What is the absolute risk, as a percent? Write your answer in a complete sentence, in context.
Medications to prevent loss of bone density may also suppress the body’s ability to replace older
bone tissue with new bone tissue. Among 52,595 women who had been treated with such
medications, an unusual type of fracture occurred in 117 of them. What is the absolute risk, as a
percent? Write your answer in a complete sentence, in context. (Source: L. Park-Wylie, et al.
“Bisphosphonate Use and the Risk of Subtrochanteric or Femoral Shaft Fractures in Older
Women,” Journal of the American Medical Association, Vol. 305, 2011, pp. 783–89.)
Many teens have been vaccinated against the human papillomavirus (HPV), which can cause
cancer. Study this report on the risk associated with such vaccines.
About 23 million doses of the vaccine have been given in the United States. Fewer than 1 percent of
patients—or about 54 people out of every 100,000—experienced adverse events like fainting or feelings
of nausea or dizziness, Slade's team reported in the Journal of the American Medical Association.
They found that 6.2 percent of the adverse events reported were serious, including 32 deaths.
Such reports do not show the vaccine caused sickness or death, only that a patient became ill or
died after receiving the vaccine.
Source: “U.S. Researchers See Few Serious Reactions to HPV Vaccine,”
www.nationalpost.com/life/health/story.html?id=1760b860-3758-466d-bb7b-66ba11b63ca8

a. What is the absolute risk of death after receiving the HPV vaccine (whether the death was
caused by the vaccine or not), as a proportion? As a percent?
b. What is the absolute risk of a serious adverse effect as a proportion? As a percent?
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To display categorical data, you can create different types of bar graphs. Examine the three
different types of bar graphs below that display the data on male teenage smoking and lung
cancer provided on page 2. For these data, the two groups are the boys who smoke cigarettes and
the boys who do not. Whether a boy smokes is called the explanatory variable. The response
variable is whether the boy eventually gets lung cancer.
Stacked Bar Graph (Frequency)
8,000,000
7,000,000

Frequency

6,000,000
5,000,000
Do Not Get Lung Cancer
4,000,000
Get Lung Cancer
3,000,000
2,000,000
1,000,000
0
Smoke Cigarettes

Do Not
Smoke Cigarettes

Stacked Bar Graph (Percent)
100%
90%
80%

Percent

70%
60%

Do Not Get Lung Cancer

50%
Get Lung Cancer

40%
30%
20%
10%
0%
Smoke Cigarettes

Do Not
Smoke Cigarettes

Grouped Bar Graph (Frequency)
8,000,000
7,000,000

Frequency

6,000,000
5,000,000
Do Not Get Lung Cancer
4,000,000
Get Lung Cancer
3,000,000
2,000,000
1,000,000
0
Smoke Cigarettes

Do Not
Smoke Cigarettes

When answering each of the following questions, be prepared to explain your reasoning.
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a. In the stacked bar graphs (sometimes called segmented bar graphs), are different bars
defined by the explanatory variable or by the response variable? Is each bar segmented
according to the explanatory variable or the response variable?
b. For each bar graph, describe the meaning of the leftmost bar.
c. Which graph shows most clearly which group has the larger absolute risk of getting lung cancer?
d. Which graph shows most clearly that only a small percentage of high school boys smoke cigarettes?
e. Which graph makes it easiest to compare the number of boys in the two groups who do not
get lung cancer?
The best of intentions sometimes results in unanticipated consequences. A program in the Junnar
region of India relocated leopards away from human-dominated areas. The leopards were moved
into forests, an average of 24 miles away. In the three years before the program began, there
were 12 leopard attacks on humans, 2 of them lethal and 10 not lethal. In the first three years
after the program began, there were 50 attacks, 18 of them lethal and 32 not lethal.

Clearly, there were more attacks after the relocation program, but did the seriousness of the
attacks also change? (Source: Vidya Athreya et al. “Translocation as a Tool for Mitigating
Conflict with Leopards in Human-Dominated Landscapes of India,” Conservation Biology,
Vol. 25, 2011, pp. 133–141.)



a. To answer the question, what two groups must be compared? What is the response variable?
b. The information may be summarized in a two-way frequency table, such as that below.
When making such a table, place the numbers for each group (explanatory variable) in
different columns and place the levels of the response variable in different rows.
Leopard Attacks on Humans
Before Program After Program
Lethal

2

18

Not Lethal

10

32

Total

12

50

Use the table to determine whether the absolute risk that an attack results in a death was
higher before or after the relocation program. Explain your reasoning.
6
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c. Use the data in the table to make a stacked bar graph (frequency on the vertical axis), a
stacked bar graph (percent on the vertical axis), and a grouped bar graph (frequency on the
vertical axis).
d. For each bar graph, write a sentence that summarizes information shown best by that graph.
To investigate whether middle school
students think that being overweight is
under a child’s control, students in 7th and
8th grade were given a questionnaire. One
question asked was, “Is it the child’s fault if
they are fat?” Of the 84 boys who answered
the question, 25 said yes, 24 said no, and
35 said they were not sure. Of the 138 girls,
23 said yes, 61 said no, and 54 said they
were not sure. (Source: Paul B. Rukavina
and Weidong Li, “Adolescents’ Perceptions of Controllability and Its Relationship to Explicit
Obesity Bias,” Journal of School Health, Vol. 81, January 2011, pp. 8–14.)
a. What two groups were compared? What is the response variable?
b. Summarize the information in a two-way frequency table.
c. Compare two values to answer this question: Was a boy or a girl more likely to say yes?
d. Make the bar graph that best compares the proportions of boys and girls who gave each answer.
e. What can you conclude about any difference in how boys and girls respond to this question?
Sometimes you will see data such as that in Problem 7 displayed by a pie chart. In the pie chart
below, the central angle for each of the three sectors is proportional to the percentage of boys
who gave the indicated answer.
Boys’ Answers

Yes
Not
Sure

No

a. Verify, by calculation, that the measure of the central angle for the “not sure” answer should
be 150˚.

LESSON 1 • COMPARING THE RISK

7

b. Compute the measure of the central angle for the “yes” answer. For the “no” answer.
c. Compute the measure of the central angle for each of the girls’ answers and make a pie chart.
d. Most statisticians recommend including stacked bar graphs rather than pie charts in
reports, even if you have technology that easily makes both. Give a reason why you think
stacked bar graphs are better than pie charts.

Summarize the Mathematics
In this investigation, you learned to use summary statistics and graphs to compare groups
sorted by the same categorical variable.
What is absolute risk?
When comparing situations involving risk, how can you tell which is the explanatory variable
and which is the response variable?
Describe three types of bar graphs and the characteristics of the data that are best shown
by each one.
What steps are involved in making a pie chart?
Be prepared to share your ideas and reasoning with the class.

A “food-secure” household is one that has access at
all times to enough food for an active healthy life
for all household members. In 2009 in the United
States, 194,579,000 adults and 57,010,000 children
lived in food-secure households; 20,741,000 adults
and 16,209,000 children lived in households with low
food security; and 12,223,000 adults and
988,000 children lived in households with very low
food security. (Source: U.S. Census Bureau,
Statistical Abstract of the United States: 2012, Table
214.)
a. Summarize the information in a two-way frequency table with adult/child as the explanatory variable.
b. In 2009, was an adult or a child more likely to live in a household with very low food security?
What two values do you need to compare to answer this question?
c. Make a bar graph that best compares the proportions of adults and children who live in households
with the three levels of food security. Describe what you can conclude from this graph.

8
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Comparing Risk
In this investigation, you will examine how reports in the media use percentages to compare the
prevalence of some condition in two different groups.
As you work on the following problems, look for answers to this question:
How is the risk associated with two different conditions best compared?
In a study of over 15,000 teens, 62% of
boys and 55% of girls consumed sugarsweetened soda on the previous day.
(Source: Nalini Ranjit et al. “Dietary and
Activity Correlates of Sugar-Sweetened
Beverage Consumption Among
Adolescents,” Pediatrics published
online Sep. 27, 2010.) When asked to
compare the boys’ percentage with the
girls’ percentage, two students gave the
answers at the right. Show how each
student computed the percentage.

Alma: The boys’ is 7% bigger than the girls’.
Bill: The boys’ is about 113% of the girls’.

Melanoma is the most dangerous type of skin cancer. The International Agency for Research on
Cancer (IARC) reported that the absolute risk of melanoma over eight years for women who do
not use tanning beds regularly is only about two-tenths of 1 percent. However, the risk of
melanoma is increased by 75% when the use of tanning beds starts before age 30. That sounds
serious, but what, exactly, do they mean? (Sources: Fatiha El Ghissassi et al. “A Review of
Human Carcinogens—Part D: Radiation,” The Lancet Oncology, Vol. 10, August 2009,
pp. 751–752, www.delawareonline.com/article/20100304/NEWS/105070009,
www.iarc.fr/en/publications/index.php)
a. What could be the absolute risk of melanoma for those who do use tanning beds regularly?
Give two answers to this question, based on the thinking of Alma and Bill in Problem 1.
b. Which answer from Part a must be the absolute risk of melanoma for those who tan
regularly? Why?
To try to prevent confusion, medical professionals typically give one of two standard statistics when
helping patients compare risk:
absolute risk reduction = absolute risk for one group – absolute risk for another group
absolute risk for one group

relative risk = absolute risk for another group
Typically, the proportion for the group with the larger absolute risk is placed so that the absolute risk
reduction is positive and the relative risk is greater than 1.
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Refer back to Problem 1 involving the consumption of sugar-sweetened soda.
a. Which student computed absolute risk reduction? Did either student compute something like
relative risk?
b. Read the descriptions below about Problem 1. Which statement is the clearest interpretation
of absolute risk reduction? Which statement is the clearest interpretation of relative risk?
Be prepared to explain your reasoning.
I.

The boys were 7% more likely
than the girls to consume sugarsweetened soda on the previous
day.

II.

The difference in the percentage
of the boys and the percentage
of girls who consumed sugarsweetened soda on the previous
day is 7 percentage points.

III. A boy was about 1.13 times
more likely than a girl to have consumed sugar-sweetened soda on the previous day.
IV. The boys were about 113% more likely than the girls to consume sugar-sweetened soda
on the previous day.
Now refer to the information on the use of tanning beds and the development of melanoma in
Problem 2.
a. What is the absolute risk reduction in melanoma from regular tanning versus no regular
tanning, expressed in percentage points? Use your answer in a sentence that describes its
meaning.
b. What is the relative risk of melanoma from regular tanning versus no regular tanning?
Use your answer in a sentence that describes its meaning.
c. The units for absolute risk reduction usually are percentage points. What can you say about
the units for relative risk?
d. In Part a, the absolute risk reduction may seem very small. However, it has been estimated
that every year nearly 2.3 million American teens use tanning beds. How many cases of
melanoma do you estimate could be prevented if they did not use tanning beds?

10
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Baseball pitchers aged 9 to 14 were followed for
10 years. Four out of the 26 who had pitched at least
100 innings in one year had elbow surgery, shoulder
surgery, or retirement due to a throwing injury. Of
128 who had not pitched this much, 6 had such
problems. (Source: G. Fleisig, et al. “Risk of Serious
Injury for Young Baseball Pitchers: A 10-Year
Prospective Study,” American Journal of Sports
Medicine, Vol. 39, February 2011, pp. 253–257.)
a. Compute the percentage of each group who have
such problems. Compute the difference of the
percentages. What is the name for this
difference? Write an explanation, for parents of
young pitchers, that explains its meaning.
b. Compute the ratio of the percentages of each group who have such problems. What is the
name for this difference? Then write an explanation, for parents of young pitchers, that
explains its meaning.
Asthma is a chronic disease in which there are episodes of shortness of breath and wheezing due
to inflammation and narrowing of small airways in the lungs. About 9.6% of teens and children
under age 18 in the United States have asthma. One of the most-commonly prescribed medicines
for asthma is Advair. Like all medications, Advair can have side effects—undesirable symptoms
brought on by the medicine. A 28-week clinical trial was conducted to determine the side effects
of one of the components of Advair, salmeterol. Available patients age 12 to 18 were randomly
divided into two groups. One group of 1,653 patients received salmeterol. The other group of
1,622 patients received a placebo, which had no active ingredient in it. At the end of the study,
researchers counted how many patients in each group had been hospitalized for any cause.
The sentence below summarizes the results of the Advair clinical trial.
Hospitalization from all causes was increased in the salmeterol group (2%)

(

)

35
( 1,653
)

16 [relative risk 2.1].
vs. the placebo group (<1%) 1,622

(Sources: National Health Statistics Reports, Number 32, January 12, 2011; Advair
Medication Guide, GlaxoSmithKline, 2010)
a. What is the meaning of 35

1,653

16 ?
and 1,622

b. Show how the 2% and <1% summaries were computed.
c. Verify the computation of the relative risk.
d. Compute the absolute risk reduction.
e. Write a paragraph for patients explaining the risk.
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Immunizations are not equally effective
overall and are not effective for all people.
For example, the polio vaccine is about
99% effective in children who receive the
full series. That means that for every
100 immunized children who are exposed
to polio, only 1 is expected to get the
disease. In contrast, the influenza vaccine is
only about 66% effective. (Source:
www.cdc.gov) Here are three hypothetical
diseases.
Disease A: The absolute risk of getting disease A for those who have been immunized
is 1%. The absolute risk for those who have not been immunized is 2%.
Disease B: The absolute risk of getting disease B for those who have been immunized
is 34%. The absolute risk for those who have not been immunized is 68%.
Disease C: The absolute risk of getting disease C for those who have been immunized
is 98%. The absolute risk for those who have not been immunized is 99%.
a. For each disease, compute the absolute risk reduction for those who have been immunized.
b. Identify the two diseases with the same absolute risk reduction. Suppose that both diseases
are similarly serious but you have the resources to provide vaccinations for only one of
them. For which disease would you choose to vaccinate, or does it matter? Why?
c. For each disease, compute the relative risk.
d. Identify the two diseases with the same relative risk. Suppose that both diseases are similarly
serious but you have the resources to provide vaccinations for only one of them. For which
disease would you choose to vaccinate, or does it matter? Explain your reasoning.

Summarize the Mathematics
In this investigation, you learned two methods of comparing risk.
What is absolute risk reduction? Give an example of how it is interpreted.
What is relative risk? Give an example of how it is interpreted.
Sometimes a condition is extremely serious, but quite rare, such as melanoma. In such a
case, discuss whether it is better to tell people about the absolute risk reduction from not
engaging in the risky behavior, or tell them about the relative risk.
Be prepared to explain your ideas and reasoning to the class.
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Measles is a highly contagious childhood disease
that can cause complications including death. There
was an outbreak of measles in Colorado in
December 1994. Out of 609 children who had been
vaccinated, 10 got measles (and those 10 children
had been given only one of the two recommended
doses). Of the 16 children who were not vaccinated,
7 got measles. (Source: C. R. Vitek et al. “Increased
Protections During a Measles Outbreak of Children
Previously Vaccinated with a Second Dose of
Measles-Mumps-Rubella Vaccine,” Pediatric
Infectious Diseases Journal, Vol. 18, July 1999, pp.
620–623.)
a. What is the explanatory variable? What is the response variable?
b. Make a two-way frequency table that summarizes this information.
c. For each group, compute the absolute risk of getting measles.
d. Compute the absolute risk reduction.
e. Compute the relative risk of getting measles.
f.

Write a paragraph for parents using your results in Parts c, d, and e.
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These tasks provide opportunities for you to use and strengthen your understanding of the ideas you
have learned in the lesson.
College students in Korea and in the American
Midwest participated in a study. They were told
to pretend that they were sick and that a meeting
with classmates to work on a group project was
scheduled for tomorrow. Each student then
composed an email to the members of their
group asking that the meeting be rescheduled.
Out of 127 Koreans, 105 included apologies in
their message, while 51 out of 97 Americans
included apologies. (Americans tended, instead,
to write things like “I would really appreciate” or “Thank you,” while Koreans rarely used such
language.) (Source: Hye Eun Lee & Hee Sun Park, “Why Koreans Are More Likely to Favor
‘Apology,’ While Americans Are More Likely to Favor ‘Thank You,’” Human Communication
Research, Vol. 37, 2011, pp. 125–146.)
a. What two groups are being compared? What is the response variable?
b. Summarize the information in a two-way frequency table.
c. Make a bar graph that best compares the proportion of each group that included an apology.
d. Based on your graph, write a summary sentence or two describing how the two groups differ.
Artificial turf on athletic fields was first
introduced in the 1960s. Its safety has been
controversial since then. One issue that has
been investigated is whether injuries of football
players tend to be more serious on artificial turf
than on grass. A study followed 24 NCAA
Division 1A college football teams over three
seasons. In the games played on FieldTurf (an
artificial turf), there were 1,050 injuries, 875 of
which were minor, 114 were substantial, and
61 were severe. In about the same number
of games played on grass, there were
1,203 injuries, 938 of which were minor,
169 were substantial, and 96 were severe.

14
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(Source: Michael C. Meyers, “Incidence, Mechanisms, and Severity of Game-Related College
Football Injuries on FieldTurf Versus Natural Grass: A 3-Year Prospective Study,” American
Journal of Sports Medicine, Vol. 38, 2010, pp. 687–697.)
a. What two groups are being compared? What is the response variable?
b. Summarize the information in a two-way frequency table.
c. Make a stacked bar graph (frequency on the vertical axis) and a stacked bar graph (percent
on the vertical axis). Check your bar graph against the stacked bar graph produced using
TCMS-Tools data analysis.
d. Write a paragraph to answer the question of whether football injuries during games played
on artificial turf and on grass tend to differ in severity.

These tasks will help you to build links between mathematical topics you have studied in the lesson
and to connect those topics with other mathematics that you know.
The recommended level of physical activity for
a 12th-grade boy or girl is at least 60 minutes
per day at least five days a week of activity that
increases heart rate and makes him or her
breathe hard. Of 12th-grade girls, 20.6% meet
this recommendation, 43.2% exercise at least
60 minutes but for only one to four days a week,
and 36.2% do not exercise at least 60 minutes on
any day of the week. Of 12th-grade boys, the
respective percentages are 38.7%, 39.8%, and
21.5%. (Source; U.S. Census Bureau, Statistical
Abstract of the United States: 2011, Table 209.)
a. Construct pie charts for these data.
b. Construct a stacked bar graph (percent on the vertical axis).
c. Do boys or girls tend to do better meeting the recommendation? How much better? Which
graphic better shows this?
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In a rural area of Bangladesh, more than 10% of children die by 10 years of age. A study
followed 144,858 Bangladeshi newborns. Among the 1,385 children whose mothers had died,
only 24% survived to their 10th birthday. Of the 143,473 whose mothers lived, 89% survived to
their 10th birthday. (Source: Carine Ronsmans et al. “Effect of Parent’s Death on Child Survival
in Rural Bangladesh: A Cohort Study,” The Lancet, Vol. 375, June 2010, pp. 2024–2031.)

a. Make a two-way frequency table summarizing this situation.
b. Overall, what percentage of children die by age 10?
c. Of the children who died, what percentage had mothers who died?
d. Write a sentence or two for a newspaper report giving the absolute risk reduction of death
for children whose mothers died compared to those whose mothers remained alive.
e. Write a sentence or two for a newspaper report giving the relative risk for children whose
mothers died compared to those whose mothers remained alive.

16
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These tasks provide opportunities for you to re-examine your thinking about ideas in the lesson and
your use of mathematical practices and habits of mind that are useful throughout mathematics.
Refer to the bar graph below. Is it possible that more people in Group B than in Group A have
the condition under study? If so, provide some sample data to illustrate this. If not, explain
why not.
100%
90%
80%

Percent

70%
60%

Do Not Have Condition

50%
Have Condition

40%
30%
20%
10%
0%
Group A

Group B

When absolute risk is low, it is often reported
as the number of cases per 1,000 people, per
10,000 people, or per 100,000 people. For
example, Problem 4 (page 4) of Investigation 1
says that 54 people out of every 100,000 who
get the HPV vaccine have an adverse event.
Read this statement about collisions of
autos and deer in Pennsylvania: “The highest
rate for 2009 was Fulton County, west of
Adams County along the Maryland border, with 16.83 per 10,000 people.” In 2009, Fulton
County had 25 deer-related accidents. About how many people lived in Fulton County?
(Source: www.ydr.com, March 10, 2011)

LESSON 1 • COMPARING THE RISK

17

These tasks provide opportunities for you to explore further or more deeply the mathematics you
are learning.
Consider the risk of a 16–17-year-old driver being involved in a fatal crash in the next year.
(Source: www.cdc.gov/mmwr/preview/mmwrhtml/mm5941a2.htm)
a. In a government report from the U.S.
Centers for Disease Control (CDC),
the number of 16–17-year-old drivers
involved in fatal crashes in a year is
given as 16.7 per 100,000. What is
the absolute risk, of a 16–17-year-old
driver being involved in a fatal
crash in the next year?
b. The lowest absolute risk is in New
Jersey, 0.000097. Convert this
absolute risk to number per 100,000.
c. Write a procedure that can be used to convert absolute risk to number per 100,000.
d. The highest absolute risk is in Wyoming, 0.000596. Use your procedure from Part c to write
this risk as number per 100,000.
e. Modify your procedure from Part c and use it to give the risk in Wyoming as number per
10,000.
f.

The graph below gives the rates per 100,000 over all states over the years from 1990 to
2008. Write a one-paragraph summary of the most important information shown.
45
40

Rate per 100,000

35
30
25
20
15
10
5
0
1990

1992

1994

1996

1998

16 or 17 yrs
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These tasks provide opportunities for you to review previously learned mathematics and to refine
your skills in using that mathematics.
Being able to work with and understand percentages and ratios is important in many different
careers. Consider each of the following situations that require work with percentages or ratios.
a. Some government funding is related to the number of people living in poverty in a particular
area. The 2010 population of Caswell County, NC, was 23,719 and 21.7% of the people
were living in poverty. (Source: quickfacts.census.gov/qfd/states/37/37033.html) How many
people were living in poverty in Caswell County, NC, in 2010?
b. Wisconsin farmers received an average
price of $17.60 per 100 pounds for
their milk in April 2012, down $1.60
from April 2011. By what percentage
did the average price of milk decrease
between April 2011 and April 2012?
(Source: www.nass.usda.gov/
Statistics_by_State/Wisconsin/
Publications/Dairy/mkallpri.pdf)
c. The Center for Disease Control estimates that 1 in 6 people in the United States suffer food
poisoning in any given year. At the beginning of 2012, the population of the United States
was approximately 312,781,000 people. How many people would you expect to have
suffered from food poisoning during 2012? (Sources: www.cdc.gov/foodborneburden/,
www.commerce.gov/blog/2011/12/30/ census-bureau-projects-us-population-3128-millionnew-years-day-2012)
d. Cystic Fibrosis (CF) is a genetic disease that causes mucus to build up and clog some of the
organs in the body. The 2012 population of the United States was approximately 313 million
people. Approximately 12 million people in the United States carried the defective gene and
did not have CF. Suppose you want to say that 1 out of every x people was a carrier of the
defective gene for CF without having CF. What is the correct value of x? (Source:
www.iacfa.org)
Recall that if 10b = a, then b is called the base-10 (or common) logarithm of a. This is denoted
log10 a = b or simply log a = b.
a. Rewrite each equation using logarithmic notation.
i. 100 = 1
iii. 105 = 100,000

ii. 102 = 100
iv. 10–2 = 0.01
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b. Rewrite each equation using exponential notation.
i. log 10 = 1

ii. log 1,000 = 3

iii. log 0.1 = –1

iv. log 0.001 = –3

c. Explain why 2 < log 485 < 3.
d. Complete a copy of the table below by making consecutive integer estimates as in Part c of
the following logarithms. Check your reasoning using a graphing calculator or TCMS-Tools.
Estimate

Calculation

log 16
log 1.6
log 1,600
log 3
log 0.3
log 30

e. Use the table in Part d to help determine how the values of log x and log 100x are related to
each other. Justify why this will be true for any value of x.
Gabriel borrows $750 from his parents so that he can start a neighborhood lawn-mowing
business. His parents will charge him 6% annual simple interest. Simple interest is calculated
using only the actual amount of the loan (or deposit).
a. If Gabriel’s parents add the interest to his loan balance on a monthly basis, how much will
the interest be each month?
b. Suppose that for the first year, Gabriel does not make any payments to his parents. Make a
table showing the loan balance at the end of each month for the first year.
c. Describe how the monthly balance of the loan is changing from one month to the next.
d. Suppose that fn(x) represents the loan balance after n months and fn + 1(x) represents the loan
balance after n + 1 months, which of the following are correct equations for this situation?
i. fn + 1(x) = 1.06fn(x)

ii. fn + 1(x) = 1.005fn(x)

iii. fn + 1(x) = 0.06fn(x)

iv. fn + 1(x) = fn(x) + 3.75

e. Write an equation that represents the amount B that Gabriel owes his parents as a function of
the number of months t since he borrowed the money.
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