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Unit 8 Teacher Guide
Section

Lesson

Days

8.1.1

1

Simulations of
Probability

8.1.2

1

More Simulations of
Probability

1

Simulating Sampling
Variability

8.1
8.1.3

Lesson Title

Materials

• Small cups
• Pennies
None
• Pail of candy-coated
chocolates

Core Problems

8-1 and 8-2

8-5 to 8-7

8-11

• Small cups

8.1.4

1

Sampling Variability
with Increased Sample
Size

8.2.1

1

Statistical Test Using
Sampling Variability

None

8-19 and 8-20

8.2.2

1

Variability in
Experimental Results

• Dice

8-23

8.2.3

1

Quality Control

None

8-26 to 8-28

8.2.4

1

Statistical Process
Control

None

8-31 to 8-33

8.2

Total:

None

8-14 and 8-15

8 days plus optional time for Unit Closure and Assessment
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Overview of the Unit
In this unit, students will understand that some complex probability problems are easier to solve
with computer simulation (on the TI-83+/TI-84+ calculator) than by trying to determine and
prove theoretical probabilities. In the process, students may be surprised that “streaks” are much
more common in probabilistic situations than they may expect.
Computer simulations will be used to model natural sample-to-sample variability. Armed with
an estimate of sample-to-sample variability, students will be able to place a margin of error on
their estimates of population parameters. A larger sample size will reduce the sample-so-sample
variability in their model.
In Section 8.2, students will compare their sample statistic to a population parameter and
informally make a determination of whether they can say that their results are statistically
significant. They will take the results of a sample survey about dancing, conduct a simulation of
sample-to-sample variability of samples, informally create a confidence interval, and conduct a
hypotheses test by determining whether the null hypothesis falls within the confidence interval,
although they will not be using any of this vocabulary.
That will be followed by the results of a random case-controlled experiment regarding the eating
habits of frog tadpoles. Students conduct a simulation of sample-to-sample variability to see if
the experimental results are statistically significantly different from the control group, though
again they will not be introduced to the vocabulary.
Standards
Common Core State Standards:
S-IC 2. Decide if a specified model is consistent with results from a given data-generating
process, e.g., using simulation. For example, a model says a spinning coin falls heads
up with probability 0.5. Would a result of 5 tails in a row cause you to question the
model?
S-IC 4. Use data from a sample survey to estimate a population mean or proportion; develop a
margin of error through the use of simulation models for random sampling. .
S-IC 5. Use data from a randomized experiment to compare two treatments; use simulations to
decide if differences between parameters are significant.
NCTM Principles and Standards:
Use simulations to explore the variability of sample statistics from a known population and to
construct sampling distributions.
Use simulations to construct empirical probability distributions.
Understand how sample statistics reflect the values of population parameters and use sampling
distributions as the basis for informal inference.
Understand how basic statistical techniques are used to monitor process characteristics in the
workplace.
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About the Problems
The “core problems” in a lesson are identified in the teacher notes preceding each lesson. The
core problems are designed to meet the lesson objectives. Additional problems are provided for
students to practice individually. These problems can be assigned as homework or classwork to
give students the opportunity to process the learning individually. These additional problems
review the lesson objectives for that particular lesson, but do not typically go back and review
materials from previous lessons or previous units.
Prerequisites
This unit assumes that students have completed, Unit 5: Modeling One-Variable Data and
Unit 6: Data Collection of this CPM Statistics and Probability Resource. Alternatively students
should have learned standards S-ID1 through S-ID3, S-IC1, and S-IC3 of the Common Core
State Standards for High School Statistics and Probability elsewhere.
Students should come prepared for this unit with solid TI-83+/TI-84+ skills for creating
histograms, box plots, and summary statistics (1-Var Stats) for data that they have entered into
lists. Students should understand statistics as a process for making inferences about population
parameters based on a random sample from that population. They should recognize the purposes
of, and differences among, sample surveys, experiments, and observational studies and explain
how randomization relates to each.
It is assumed that students have been exposed to some elementary probability problems of the
sort where probability is the number of “successes” out of the total number of possible
outcomes. (One possibility for learning this background probability is in Unit 3: Elementary
Probability of this CPM Statistics and Probability Resource.)
Technology
This unit assumes that students have daily access to a TI-83+ or TI-84+ graphing
calculator, graph paper, and a ruler or straightedge, and that the teacher has access
to an overhead calculator display. Therefore, these items will not usually be
included in materials lists.
It is expected that students will have their graphing calculators available at all
times, including for any additional problems you may assign for homework.
An option for the teacher to demonstrate calculator use to the whole class is a document camera:
you can project both the calculator’s screen and demonstrate which buttons you are pressing.
Another option is a projector connected to a computer with a graphing calculator emulator. For
calculator emulator software go to http://epsstore.ti.com and click on Computer Software /
SmartView Emulator / T1-84. For a demonstration of the TI SmartView emulator in use, go to
http://hotmath.com/graphing_calculators/ti84_movie_index.html. A free option for emulator
software is vti.exe at http://www.ticalc.org/archives/files/fileinfo/84/8442.html; you are required
to own a TI-83+/TI-84+ calculator to activate the software. The last way to demonstrate
calculator use to a whole class is with an overhead projector graphing calculator, but there is no
way to project the keystrokes that you are entering.
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Instructions for the calculator procedures most used in this unit are included in the Appendix:
TI-83+/TI-84+ Calculator Instructions of this CPM Statistics and Probability Resource.
Teachers should note that the procedures on a TI-89 calculator, and calculators from other
manufacturers, are very different.
Before generating random numbers in Lesson 8.1.1, students must “seed” their calculator with a
haphazard starting place for the random number generator in their calculator. If students do not
take this step, all their calculators will generate the same “random” number! Have each student
enter their ID number, or phone number, or some other haphazard number, into their calculator
as follows: number ¿
PRB rand. This step is crucial to generating random numbers
as a class!
There are some large data sets in this unit that need to be entered into calculators for students to
solve some of the problems. To assure that large data sets are entered into calculators without
error, a “checksum” is provided. After students enter the data, they can use the 1-Var Stats
function of their calculator to verify the sum of the data they input matches the “checksum”
value provided with the larger data sets. Although entering the 100 pieces of data is really not all
that tedious, it is possible for just one or two students to enter the data and share it with other
students by linking the calculators. See the Appendix: TI-83+/TI-84+ Calculator Instructions of
this CPM Statistics and Probability Resource.
Before teaching any lesson that uses technology, always be sure to set up and test your
equipment to make sure that batteries, software, and the projection system is working properly.
It makes sense to have extra batteries and a replacement projector bulb at the ready. It also is a
good idea to walk through the activity using the actual technology in the classroom yourself
before the day of the lesson to review the keystrokes and anticipate any issues that may arise
during the lesson.
Effective Teamwork
This unit is designed for students to explore mathematics in study teams. Lessons and problems
throughout the unit have been constructed with the expectation that students will work together
and be able to discuss ideas as they are developed. Team learning is one of the three researchbased principles of CPM courses that foster long-term learning. (The complete research base for
CPM courses is described at www.cpm.org/teachers/research.htm.) Collaboration will allow
students to develop new ways of thinking about mathematics, increase students’ abilities to
communicate with others about math, and help them strengthen their understanding by having to
explain their thinking to someone else.
Students are expected to work in teams for the majority of class time, so it is imperative for
teams to function well. For suggestions about how to set up effective teams, refer the “Using
Study Teams for Effective Learning” section in the teacher edition of any of the CPM
Connections courses or at the CPM website: www.cpm.org/teachers/study.htm.
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Lesson 8.1.1 How can I estimate complex probabilities?
Simulations of Probability
Lesson Objective:

Students will toss coins to simulate the probability of giving birth to boys
and girls. They will then use their calculators to make repetitions of the
simulation less tedious.

Standards:

CCSS:
S-IC 2: Decide if a specified model is consistent with results from a given
data-generating process, e.g., using simulation. For example, a model says
a spinning coin falls heads up with probability 0.5. Would a result of 5
tails in a row cause you to question the model?
NCTM:
Use simulations to construct empirical probability distributions.

Length of Activity: One day (approximately 50 minutes)
Core Problems:

Problems 8-1 and 8-2

Materials:

Small cups, one per pair of students
Pennies (or other two-sided “coin”), one per pair of students

Technology Notes:

Before generating random numbers, students must “seed” their calculator
with a haphazard starting place for the random number generator in their
calculator. If students do not take this step, all their calculators will
generate the same “random” number! Have each student enter their ID
number, or phone number, or some other haphazard number, into their
calculator as follows: number ¿
PRB rand. This step is crucial
to generating random numbers as a class!

Suggested Lesson
Activity:

Start by asking volunteers to read the lesson introduction out loud. Have a
different volunteer continue by reading part (a) of problem 8-1 aloud. Pass
out the cups and pennies while students create a tally table on their paper.
Have students create a “practice family” together with you to make sure
they understand the task and when to tally. When they understand the task,
start teams on part (b). If pairs of students finish early, they can create
more than 25 families while they are waiting for the other pairs to catch up.
For part (c) of problem 8-1, create a whole-class tally sheet and record the
counts from each pair of students. Students will calculate the probability
# families with a girl
as follows: P(girl in four tries) =
.
total # families
Move on to problem 8-2 which introduces the use of technology to allow a
much larger number of simulations without the tedium of actually flipping
coins.
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Closure:
(5 minutes)

Additional
Problems:

Lead a brief discussion on the purpose of doing simulations in general
(from the introduction of the lesson). What was the purpose of doing a
simulation in this particular problem? Students should understand that
simulations can be done with models (like flipping a coin), or much more
commonly, with technology.
Problems 8-3 through 8-4
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8.1.1

How can I estimate complex probabilities?

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

Simulations of Probability
If you toss a coin ten times, what is the probability of having a run of three or more “heads” in a
row?
If an airline “overbooks” a certain flight, what is the chance more passengers show up than the
airplane has seats for?
When 67 people get cancer in the 250 homes in a small town, could that be due to chance alone,
or is polluted well water a more likely explanation of the cluster of cancer cases?
When the mathematics becomes too complicated to figure out the theoretical probability of
certain events, statisticians often use simulations instead. Simulations can also be used to check
statistical computations, or if a study is too expensive, takes too much time, or is not ethical. A
simulation is a model—often computer-based—that mimics a real-life situation.
All simulations require the use of random numbers. Random numbers have no pattern; they
cannot be predicted in any way. Knowing a random number in no way allows you to predict the
next random number.
Complex simulations like modeling the weather, traffic patterns, cancer radiation therapy, or
stock market swings require tens of billions of random numbers. For those simulations a large
computer running for hours or even days is needed, but many simple simulations can be done
with our TI-83+/TI-84+ graphing calculators.

8-1.

Michael and Debbie want to have children and would love to have a girl. They are
trying to calculate the chances of having a girl if they have children until they have a
girl, or until they have four children, whichever comes first. The probability is a little
complicated, and it would not be ethical (or practical) to do an observational study by
randomly selecting 1000 couples and having them produce four children so Michael
and Debbie can count the number of girls. And imagine how many years the study
would take! So they will run a simulation by tossing a coin. Since a coin has a 50%
chance of landing on “heads,” a coin can be used to model the real-life situation of
the 50% probability of a girl being born.
Problem continues on next page. →
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8-1.

Problem continued from previous page.
a.

8-2.

Let “heads” represent a girl. Shake a coin in a cup and
“pour” it out. If a boy is born, do not tally anything,
and flip again. If a girl is born (“heads” comes up),
put a tally mark by “girl in family” on your paper and
stop having children. If four boys in a row are born,
stop having children and tally “no girls.”

Girl in Family:

llll lll

No Girls in Family:

lll

b.

Repeat the simulation until you have modeled 25
families (25 trials). Each family consists of having children until either a girl is
born, or four boys are born, and the result is tallied. You will have 25 tally
marks when you are done. If you are finished early, continue tallying families
until the rest of the class catches up.

c.

Combine your results with those of rest of the class. Then, according to your
class’s simulation, what is the probability of having a girl if you have children
until you have a girl, or until you have four children, whichever comes first?

According to a mathematical principal known as the Law of Large Numbers, the
more times you run your simulation, the closer your result will approach the true
theoretical value. Since tossing coins is tedious, we can use a computer to complete
many more trials.
a.

Start a new tally sheet.

b.

You will use your calculator to randomly generate a family of four children,
with “0” representing boys, and “1” representing girls. Since we stopped
having children after our first girl, we can ignore all the digits in the family after
the first girl. For example, “0101” would represent a family with one boy and
one girl, and we would mark “Girl in Family” on the tally sheet.
Generate a family by entering
PRB
randInt(0,1,4) on your calculator. Does the family
have a “girl” or “no girls?” Mark your tally sheet.

boy
first girl
ignore

c.

Press Í to generate another family, and tally the result. Each member in
your team can quickly generate 50 families. If you are finished early, continue
tallying families until the rest of the class catches up.

d.

Combine your results with those of your classmates. Because you ran the
simulation many more times, your class’s computer simulation will be closer to
the true probability than the probability you found by tossing a coin. Use your
class’s results to estimate the probability of having a girl if you have children
until you have a girl, or until you have four children, whichever comes first.
[ Theoretically the true probability is 0.9375. ]
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Additional Problems

8-3.

8-4.

In the World Series of baseball, the first team to win four games wins the
championship. The series might last four, five, six, or seven games. A fan who buys
tickets would like to know how many games, on average, he can expect a
championship series to last. Assume the two teams are equally matched, and set aside
such potentially confounding factors as the advantage of playing at home. (If you’ve
already completed some intermediate probability, you recognize this as the expected
value for the number of games.)
a.

Simulate a World Series by entering
PRB randInt(1,2,7) on your
calculator. Let a “1” represent Team 1 winning a game, and “2” represent
Team 2 winning. You will simulate seven “games,” but as soon as a team wins
four games the World Series is over and you will ignore any additional games.
See below for an example.

b.

Record how many games it took to
win the series. In the example
above, it took 5 games.

first two games won by Team 1
third game won by Team 2
Team 1 wins Series
ignore

c.

Repeat the simulation at least 25 times.
Each time, record the number of games it took to win the World Series.
You do not care which team won, you only care how long the series took.

d.

Based on your simulation, what is the average number of games played for a
World Series? [ Mathematically, the series is expected to last for 5.8125
games. ]

Myriah hates doing the dishes, but her parents insist that she must help out and do
them sometimes. Since Myriah wants to leave it to chance whether or not she will
have to do the dishes, Myriah’s mom proposes that they roll two dice. If the sum of
the dice is 6 or less, Myriah will do the dishes. If the sum is 7 or more, one of her
parents will do the dishes.
How often can Myriah expect to have to do the dishes? Run a simulation of rolling
the two dice by entering
PRB randInt(1,6,2) on your calculator, and record
the sum. Press Í to run the simulation again and record your sum. Run the
simulation 30 times to determine how often Myriah can expect to do the dishes.
[ Theoretical probabilities: P(sum 6 or less) = 15
36 ! 0.42 ,
21
P(sum 7 or more) = 36
! 0.58 ]
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Lesson 8.1.2 How many in a streak?
More Simulations of Probability
Lesson Objective:

Students will use technology to simulate the number of streaks of five or
more heads or tails they can expect to get when tossing a coin. They will
do a computer simulation of wait time—how many trials they can expect to
conduct until a particular event occurs.

Standards:

CCSS:
S-IC 2: Decide if a specified model is consistent with results from a given
data-generating process, e.g., using simulation. For example, a model says
a spinning coin falls heads up with probability 0.5. Would a result of 5
tails in a row cause you to question the model?
NCTM:
Use simulations to construct empirical probability distributions.

Length of Activity: One day (approximately 50 minutes)
Core Problems:

Problems 8-5 through 8-7

Materials:

None

Technology Notes:

The Appendix: TI-83+/TI-84+ Calculator Instructions, will help you as a
teacher master the statistical functions on the calculator. Specifically these
sections of the instructions may be helpful:
2a. Lists of Data
2b. Clearing Lists of Data

Suggested Lesson
Activity:

Allow students to make conjectures and justify them in problem 8-5. Do
not correct students at this point. They will be able to modify their
conjectures in the next problem.
In problem 8-6, students use a computer simulation to explore how many
streaks appear in 200 coin tosses. Students will discover that we expect to
see several streaks of five, six, or seven or more heads (or tails) in a row.
If you have time, you may want to combine the whole class’s data.
Students can calculate, on average, how many streaks of five or more they
expect to see in 200 coin tosses. When Paola’s list did not have any long
streaks, it was a dead giveaway to the teacher that Paola faked the list. In a
faked list, most people will write 3 or 4 heads or tails in a row several
times, but seldom more than that.
Students explore a “wait time” probability in problem 8-7. They simulate
the wait time with their calculators. If you have time, combine the whole
class’s data before calculating the range of probable outcomes in part (d).

Closure:
(5 minutes)

Lead a brief discussion reviewing the purpose of doing simulations in
general (from the introduction of Lesson 8.1.1). What was the purpose of
doing a simulation in this particular problem?

Additional
Problems:

Problems 8-8 through 8-10
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8.1.2

How many in a streak?

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

More Simulations of Probability

8-5.

Twins Paolo and Paola are in the same math class. For homework, their teacher
assigned them to flip a coin two hundred times. When they turned their assignments
in, the teacher accused Paola of just making up results, rather than actually flipping a
coin. Their results are below. Which homework is Paola’s? Why? [ Answers will
vary. ]
THTTTTHHTHTHTTTTTHHTHTHHHHHHHHHTHTHTHHHTHHHTTHHTHTHHHHHTH
HTHHTTHTHTHTTTTTTHHTHTHTHTTTHTTTTHHTTTTHTTTTHTTTTHHHTHTHH
TTTHTTTHTTHHTHHHTHHHHHTHHHTTHHHTHHTTTTTTTHTTTHTTTHTTHTTTH
TTHHHHTHHHTTTHTTTTTTHHTHTTTHH
THTHTTTHTTTTHHTHTTTHTTHHHTHHTHTHTHTTTTHHTTHHTTHHHTHHHTTHH
HTTTHHHTHHHHTTTHTHTHHHHTHTTHHHTHHTHTTTHHTHHHTHHHHTTHTHHTH
HHTTTHTHHHTHHTTTHHHTTTTHHHTHTHHHHTHTTHHTTTTHTHTHTTHTHHTTH
TTTHTTTTHHHHTHTHHHTTHHTHHTHHT

8-6.

Investigate how many streaks of five or more heads or tails in a row you would
expect when you tossed a coin two hundred times.
a.

Since this is a complicated probability, a computer simulation will help. Model
the coin toss by entering
PRB randInt(0,1,200) ¿ y d into
your calculator. In List1 you will find the 200 coin tosses.

b.

Use a tally sheet to count the number of streaks of five or more (it does not
matter if it is a streak of heads or a streak of tails).

c.

Share your results with your team. How did the teacher know that Poala made
up her results? [ Paola’s list did not have any streaks of five or more. ]
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8-7.

Katelyn is going to babysit her nephew many times this summer. She had the great
idea that one way to entertain him is to walk to McBurger’s for a Kids Meal for lunch
each time. The Kids Meal comes packed randomly with one of six possible action
figures. Katelyn is worried that her nephew may be disappointed unless he gets all
six action figures. Katelyn would like to know how many meals she can expect to
buy for her nephew before getting all six figures.
a.

Model the action figures with the digits 1 through 6. Help Katelyn simulate
buying Kids Meals by entering
PRB randInt(1,6,200) ¿ y d.
In List1 you now have simulated Kids Meals, each with one of the action figures
#1 to #6. How many meals did you have to buy in order to get all six action
figures?
first meal: figure #5
second meal: figure #6
third meal: figure #4

b.

Run your simulation 10 times. Keep track of how many Kid’s Meals you have
to buy each time to get all six action figures.

c.

Combine your results with those of your team. On average, how many Kids
Meals will you need to buy in order to get all six action figures?

d.

Estimate a range on the number of meals you might need to buy. What’s the
most you needed to buy? The least? Do you think it possible that you may
have to buy 50 meals to get all six action figures? 100 meals? [ Buying 50 or
100 meals to get all six action figures is possible, but not very probable. ]
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Additional Problems

8-8.

8-9.

Sports announcers frequently get excited when basketball players make several free
throw shots in a row. They say things like “he’s on a hot streak tonight!” or “he’s
really in the zone—what an amazing performance!”
a.

Are these “hot” streaks really special, or are they just a natural run to be expected
by probability? We will use simulation to determine what really is an unusually
long streak of free throws, as opposed to a streak that is expected through normal
play. Assume a basketball player has a 50% free throw average, and a typical
game has 20 free throw attempts. Use your calculator to randomly generate 20
free throws, with “0” representing a missed shot, and “1” representing making
the free throw. Enter
PRB randInt(0,1,20) ¿ y d. In List1 you
now have 20 free throws. How long was the longest streak of making free
throws (what was the most number of “1”s in a row)?

b.

Run the simulation 25 more times. Each time record the length of the longest
streak.

c.

How long would a streak have to be before you considered it unusual?

Myriah hates doing the dishes, but her parents insist that she must help out and do
them sometimes. Since Myriah wants to leave it to chance whether or not she will
have to do the dishes, Myriah’s mom proposes that they roll two dice. If the sum of
the dice is 6 or less, Myriah will do the dishes. If the sum is 7 or more, one of her
parents will do the dishes.
It’s bad enough when Myriah has to do the dishes. But Myriah really hates doing the
dishes several days in a row! Run a simulation of rolling the two dice by entering
PRB randInt(1,6,2) on your calculator, and record the sum. Press Í to
run the simulation again and record the sum. Repeat 90 times to simulate the ninety
days in three months. How often can Myriah expect to have to do the dishes 3 or
more days in a row during a month? [ Probably once or twice. ]

8-10.

A never-ending game?
Jack and Jill are playing a game where Jack has 2 pennies and Jill has 4 pennies. A
coin is tossed. If it lands on heads Jill has to give a penny to Jack. If it lands on tails,
Jack gives a penny to Jill. The game is won when one of them has all of the pennies.
They think that they can keep playing all day since the coin has an equal chance of
landing on heads or tails, so they will just keep passing coins back and forth.
Simulate this situation on your calculator. Can they keep playing all day, or does one
player have a better chance of winning the game? [ This is a “Gambler’s Ruin”
problem. The player with more coins always has a better chance of winning in
the long run. P(Jill) = 46 ! 67% , P(Jack) = 26 ! 33% . ]
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Lesson 8.1.3 How much do my samples vary?
Simulating Sampling Variability
Lesson Objective:

Students will determine the natural sample-to-sample variability when
taking a random sample from the population. Students will determine the
margin of error on a sample proportion.

Standards:

CCSS:
S-IC 4: Use data from a sample survey to estimate a population mean or
proportion; develop a margin of error through the use of simulation models
for random sampling.
NCTM:
Use simulations to explore the variability of sample statistics from a
known population and to construct sampling distributions.

Length of Activity: One day (approximately 50 minutes)
Core Problems:

Problem 8-11

Materials:

Pail of candy-coated chocolates (such as M & M’s), half-filled
Small cups for scooping candies

Materials
Preparation:

You will need at least 100 samples in each class to get a useful
distribution—even more samples is better. Students love working with
bags of candy-coated chocolates because they can eat them when they are
done, but the cost of 100 bags can be prohibitive! Some alternatives:
• Buy candy-coated chocolates in bulk at a food warehouse store.

Fill a pail about half-full with candies. Mix well before each
class. Students can scoop out small samples of candies and take
them back to their desks to count. Make sure all students use the
same scoop so the samples are close to the same size. The
advantage is that the same candies can be used for many classes
and many years. The disadvantage is that students cannot eat the
candies; some teachers hand out small bags of candies for eating
at the end of the activity.
• An even more cost-effective alternative is to buy multi-colored

beads of the same size and shape (or two kinds of dry beans, say
1
black beans and 23 white beans). The color you are counting
3
should be between a quarter and third of all the beads. Again, a
pail should be filled about half full with beads. Mix well before
each class. Students can compute the proportion of, say, red
beads.
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Technology Notes:

These additional sections of the Appendix: TI-83+/TI-84+ Calculator
Instructions, may be helpful:
2a.
2b.
2c.
2d.
3a.
3b.
3d.
8a.
8b.

Suggested Lesson
Activity:

Lists of Data
Clearing Lists of Data
Editing Lists of Data
Sorting Lists of Data
Displaying a Box plot
Displaying a Histogram
Summarizing Univariate Data Numerically
Checksums
Linking Calculators

Start by asking volunteers to read the lesson introduction out loud. Have a
different volunteer continue by reading part (a) of problem 8-11 aloud.
Explain to the students how you want them to take samples. Remind them
not to eat anything that is not fresh from a package. You need to take at
least 100 samples to have a useful distribution.
As students compute the proportions (percentages) of red candies in
part (a), they can write their proportions on the board. Using a decimal
proportion is best because statisticians conduct statistical significance tests
using proportions. For example, write 0.15 instead of 203 or 15%. Students
will then be prepared for entering the whole class’s data for parts (b)
through (d).
The mean in part (c) is called a point estimate of the population. Although
useful, the point estimate is much more useful when upper and lower
bounds (a margin of error or a confidence interval) is also reported. Find
the bounds by sorting the proportions in the calculator, y 9 OPS
SortA(y d). The upper bound is the proportion where 5% of the data
lie above. If you have 100 proportions, the upper bound is between the
95th and 96th proportion in your list. Similarly the lower bound is between
the 5th and 6th proportion in your list. If you have more than 100
proportions in the list adjust accordingly: for example, if you have 150
proportions, the lower bound is between the 7th and 8th item in the list,
because 5% of 150 is 7.5.
If the lower bound is 10% red candies and the upper bound is 22%, we
would say that 90% of the time we expect the proportion of red candies to
be between 10% and 22%. Note that when reporting a margin of error,
statisticians often report a percent instead of a proportion.
The margin of error is half this spread, or 12 (22 ! 10) = 6% . If the mean
was 16%, we would say that we estimate the proportion of red candies to
be 16% ± 6% or 16% with a margin of error of 6%.
The chocolate-covered candy study has a small sample size and large
variability, so the numbers will not come out so nicely. A more typical
result might be a mean that is not centered between the two bounds. In that
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case, the teacher will need to adjust a bit. If the upper bound is 19% and
the lower bound is 7%, with a mean of 15%, the upper margin of error is
19 ! 15 = 4% while the lower margin is 15 ! 7 = 8% . So we might take a
happy middle: we can estimate the proportion of red candies as 15% with a
margin of error of, say, 6%. Do not change the mean, but adjust the
margins of error.
Closure:
(5 minutes)

Lead a brief discussion on natural sample-to-sample variability (from the
introduction of the lesson).

Additional
Problems:

Problems 8-12 through 8-13
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8.1.3

How much do my samples vary?

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

Simulating Sampling Variability
You may have seen in Unit 6: Data Collection that if a sample is selected randomly and with care
to avoid bias, we can be confident that the sample represents the whole population. Making an
inference from a sample to the whole population is at the heart of what statistics is all about.
Your friend Ramien says that you have to have the latest, hottest π-Phone—everybody already
has it! What proportion of teens really do have the π-Phone? We cannot possibly ask every teen
in the U.S., but we can take a random sample of teens and calculate the proportion that have the
phone.
If a random sample of 1000 teens finds that 250 have the π-Phone, it does not mean that exactly
1
of all teens in the U.S. have the phone. The proportion of teens with the phone will naturally
4
vary from sample to sample—some samples of teens will have more phones, some will have less.
If we knew how much the proportion naturally varied from sample-to-sample, we could establish
a range of estimates for the proportion of phones in the teen population. This margin of error is
frequently reported in statistical studies. You might read in a newspaper that the proportion of
teens with a π-Phone is 23% with a margin of error of 3%. This means that statisticians believe
from their small sample of teens that between 20% and 26% of all teens own the π -Phone.

8-11.

What proportion of candy-coated chocolates are red? Since we cannot count every
candy in the world, we can take a sample. We can assume a bag of candy-coated
chocolates makes a reasonable sample that represents the whole population. We will
investigate how much the proportion of red candies will naturally vary from bag to
bag.
a.

Calculate the proportion of red candies in your sample. Write your answer as a
decimal and share it with the class.

b.

Use your calculator to make a histogram of all the proportions of red candies
your classmates found in each of their samples. A histogram that shows the
results of taking many samples is a called a sampling distribution. Sketch the
histogram.

c.

What is the mean of the whole class’s proportions? This gives an estimate of
the proportion of red candies in the population.

d.

You are interested in typical results, not the extreme ones. Out of all the
proportions, you are interested in the middle 90%. We need to find an upper
and lower bound for the class’s proportions.
Problem continues on next page. →
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8-11.

Problem continued from previous page.
Your teacher will show you how to sort the whole class’s proportions on your
calculator. What proportion are about 5% of the samples greater than? What
proportion are about 5% of the samples less than? Between what upper and
lower bounds are the middle 90% of the red proportions? [ Answers will vary
but might look like: 90% of time, we expect the proportion of red candies
to be between 10 and 22%. ]
e.

Finally, predict the proportion of red candies in the whole population and give
the margin of error. [ Answers will vary but might look like: The proportion
of red candies is 16% with a margin of error of 6%. ]
Additional Problems

8-12.

The Bright Idea Lighting Company wants to determine what proportion of LED
flashlights that come off of its assembly line are defective. It takes many samples of
100 flashlights over the week and determines the proportion that are defective in each
sample. The results of their tests follows:
Proportion of defective flashlights in 100 samples.
0.09
0.05
0.05
0.05
0.07
0.06
0.10
0.07
0.08
0.09
0.05
0.05
0.07
0.07
0.08
0.08
0.10
0.08
0.11
0.08
0.09
0.13
0.08
0.09
0.07
0.06
0.06
0.08
0.06
0.10
0.11
0.09
0.05
0.07
0.05
0.09
0.04
0.07
0.09
0.08
0.08
0.09
0.06
0.06
0.08
0.08
0.08
0.09
0.10
0.07
0.09
0.08
0.12
0.09
0.06
0.05
0.11
0.05
0.05
0.05
0.08
0.10
0.08
0.10
0.06
0.07
0.08
0.11
0.09
0.08
0.07
0.07
0.10
0.07
0.11
0.06
0.10
0.08
0.10
0.10

0.09
0.09
0.08
0.09
0.09
0.09
0.08
0.09
0.10
0.06
0.07
0.09
0.12
0.02
0.06
0.06
0.09
0.05
0.06
0.07
(checksum 7.83 )

a.

What is the mean proportion of defective flashlights (as a percent)? [ 7.83% ]

b.

Use the technique of problem 8-11 to find the upper and lower 5% bounds of
the sample-to-sample variability. [ 0.05 and 0.11 ]

c.

Predict the proportion of defective flashlights (in percent) in the whole
population and give the margin of error. [ About 7.5% ± 3% def. flashlights ]
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8-13.

A survey of 80 seniors at Algieres High School found that 65% had been accepted to
a four-year university. A computer simulation was conducted to determine the
sample-to-sample variability:
Proportion of students attending four-year universities.
Simulation mean 0.65.
0.66
0.63
0.73
0.63
0.69
0.65
0.68
0.58
0.73
0.54
0.65
0.65
0.66
0.62
0.68
0.51
0.59
0.71
0.63
0.64
0.59
0.68
0.67
0.64
0.59
0.64
0.67
0.71
0.59
0.61
0.75
0.60
0.68
0.63
0.72
0.74
0.60
0.61
0.67
0.74
0.61
0.67
0.56
0.58
0.62
0.71
0.73
0.65
0.67
0.63
0.64
0.63
0.59
0.71
0.70
0.57
0.62
0.57
0.62
0.71
0.56
0.67
0.65
0.62
0.56
0.77
0.76
0.67
0.63
0.62
0.52
0.73
0.69
0.62
0.69
0.62
0.61
0.63
0.54
0.67
0.63
0.68
0.65
0.59
0.65
0.66
0.65
0.70
0.61
0.65
0.65
0.71
0.66
0.76
0.62
0.68
0.62
0.59
0.67
0.60
(checksum 64.64 )
a.

Use the technique of problem 8-11 to find the upper and lower 5% bounds of
the sample-to-sample variability. [ 0.56 and 0.74 ]

b.

Predict the proportion of the seniors at Algieres High that have been accepted to
four-year universities and give the margin of error. [ About 65% ± 9% ]
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Lesson 8.1.4 Should I take a larger sample?
Sampling Variability With Increased Sample Size
Lesson Objective:

Students will use computer simulation to determine the natural sample-tosample variability when taking a random sample from the population.
Students will reinforce their procedure for determining the margin of error
on a sample proportion. They will determine the effect of increasing
sample size on the margin of error.

Standards:

CCSS:
S-IC 4: Use data from a sample survey to estimate a population mean or
proportion; develop a margin of error through the use of simulation models
for random sampling.
NCTM:
Use simulations to explore the variability of sample statistics from a
known population and to construct sampling distributions.

Length of Activity: One day (approximately 50 minutes)
Core Problems:

Problems 8-14 and 8-15

Materials:

None

Technology Notes:

These additional sections of the Appendix: TI-83+/TI-84+ Calculator
Instructions, may be helpful:
6b. Simulations

Suggested Lesson
Activity:

Start the lesson by reviewing the activity and the conclusions from the
previous lesson. Then ask volunteers to read the lesson introduction out
loud.
You may want to practice part (a) of problem 8-14 as a whole class to
verify that everyone understands the scheme of the simulation. Each
student will do his or her own 5 simulations. When you combine the
whole class in part (c), you will need at least 100 simulations to make a
useful distribution.
Use the same procedures in computing the margin of error that were used
in the previous lesson. Find the bounds by sorting the proportions in the
calculator. The upper and lower bounds are the proportion where 5% of
the data lie above and below, respectively. The margin of error is half this
spread.
For teachers comfortable with college-level statistics, the 90% oneproportion z confidence interval for a sample size of 25 is 0.20 ± 0.132 .
Students explore the effect of increasing the sample size in problem 8-15.
Many students intuitively believe that with a larger sample size there is
more variability in the proportions; in fact the opposite is true. Since a
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larger sample is more representative of the population, there is less
variability between the samples. In small samples there is naturally much
more variability between samples because each sample does not represent
the population as well. Smaller sample-to-sample variability leads, in turn,
to a smaller margin of error.
For teachers comfortable with college-level statistics, the 90% oneproportion z confidence interval for a sample size of 100 is 0.20 ± 0.066 .
Closure:
(10 minutes)
Additional
Problems:

Students should share their responses to part (e) of problem 8-15. Guide
students in understanding why larger samples have less sample-to-sample
variability, and thus lead to a smaller margin of error.
Problems 8-16 through 8-18
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8.1.4

Should I take a larger sample?

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

Sampling Variability With Increased Sample Size
8-14.

A new high school is built on the other side of town. Its school colors are blue and
gold. How rude! Your school colors are blue and gold. The Student Council surveys
a random sample of 25 students to see if students wish to change the school colors to
maroon and gold. Only 20% of the students supported the change from their beloved
blue and gold. We will investigate the margin of error of this survey.
a.

We will use a computer simulation to estimate the sample-to-sample variability.
Since 20% of the students support a change in colors, we will use the first 20
numbers (from 1 to 20) to represent a student who supports the new colors; the
numbers from 21 to 100 represents one of the 80% of students who does not
want to change school colors. Randomly choose 25 “students” from the
“population” in which 20% support the change by entering
PRB
randInt(1,100,25) ¿ y d. Your 25 students are stored in List1. What
proportion (percentage) of the 25 students in your sample supported the new
colors? Write your answer as a decimal.
first student: supports new colors
second student: keep old colors
third student: supports new colors

[ Answers vary. On just the screen above, 0.29 (2 out of 7) supported the
change to new colors, but of course students will consider the entire list in
List1. ]

8-15.

b.

Repeat the simulation with 5 more trials and record the proportion that support
the new colors each time. If you are finished early, continue with more
simulations until the rest of the class catches up.

c.

If you were to list all the proportions of your classmates, what do you suppose
the mean of all the proportions would be close to? Why? [ The mean will be
near 0.20 because 20% of the numbers from 1 to 100 “support” the new
colors. The mean of the samples will always be near the mean of the
population. ]

d.

Combine your results with those of your classmates. What is the margin of
error? [ Theoretically the margin of error for a sample size of 25 is 13%. ]

The Student Council thought it might be more helpful to survey more students,
perhaps 100 students instead of 25.
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a.

Why would the Student Council want to survey more students? [ Answers
vary. ]

b.

Do you think that the margin of error for 100 students will be larger or smaller
than for 25 students? Why? [ Answers vary. ]

c.

Simulate choosing 100 students.
PRB randInt(1,100,100) ¿ y
d. Repeat the simulation five times. If you are finished early, continue with
more simulations until the rest of the class catches up.

d.

Combine the results with those of your classmates. What is the margin of error
for 100 students? [ Theoretically the margin of error for a sample size of
100 is 6.6% ]

e.

Do you need to modify your conjectures in parts (a) and (b)? Explain your
results. [ Since the larger sample represents the population better than a
small sample, there is less natural sample-to-sample variability with a
larger sample size. Larger sample size then means smaller margin of
error. ]
Additional Problems

8-16.

A consumer magazine randomly selects 250 of its readers and asks if their luggage
was lost on their last airplane flight. Seven out of the 250 lost their luggage. The
consumer magazine conducted a simulation to determine the sample-to-sample
variability and concluded that about 3% ± 1.7% of all passengers lose their luggage.
If the magazine had surveyed 1000 readers instead, make a conjecture about what the
number of passengers who lose their luggage might be? [ 3% ± 0.85% . Answers
will vary, but should be 3% plus/minus a number smaller than 1.7% ]

8-17.

Daylight Saving Time was adopted in the U.S. in 1918. During the oil crisis of the
1970s, the Department of Transportation found that daylight saving time decreased
national energy usage by about 1 percent compared with standard time. Since then,
energy use in the U.S. has changed and daylight saving time has been extended. In
2007 a group of researchers found that daylight saving time decreased national energy
usage by 0.2% with a margin or error of 1.5%. If a 1% decrease in energy use will
save the state of Indiana $9 million, what conclusion(s) can you draw from the 2007
study in relation to the state of Indiana? [ Students should conclude that energy
usage will change by –1.3% to 1.7%. Indiana could save up to $11.7 million, but
could end up spending $15.3 million. ]
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8-18.

A copy machine company advertises that its copiers will make at least 25,000 copies
before requiring maintenance. A consumer research group tested the claim by
collecting data from users of the particular copy machine in 30 various regions of the
country. The mean for each of the 30 regions is listed in the table below.
24928
24893
25249
24551
24782
24705

24574
25024
24914
24928
25020
24889

24652
24767
24895
25025
24618
24656

24758
24791
24656
24798
24904
24600

24691
24609
24883
25041
24764
24735
checksum 744300

Use the technique of problem 8-11 to find the upper and lower 5% bounds of the
sample-to-sample variability and predict the number of copies that can be made before
a machine requires maintenance. Do you think the consumer research group will
support the company’s claim? [ Upper bound: 25033 lower bound: 24587;
Students should report that 90% of the time we can expect that the copy machine
will need maintenance after 24810 ± 223 copies. The margin of error is from
24587 to 25033. 250000 copies is within the margin of error, so the research
company may support the copy machine company’s claim. They may also state
that the copy machine company is pushing the limits with a claim of “at least
25000 copies” since X = 24810 and the range with the margin of error is from
24562.5 to 25178.5. ]

MATH NOTES

ETHODS AND MEANINGS
Sample-to-Sample Variability
To learn about a population, we take samples when studying the whole
population is too time-consuming, tedious, or impractical. Even if we are very
careful to avoid bias in our sample so that it represents the whole population,
the statistics (measurements) of a sample vary naturally from sample to sample.
To make an inference about the population we need to quantify this sample-tosample variability. With this knowledge, we can then state a margin of error
for our prediction of the true parameters of the whole population.
In Lesson 8.1.3 you took many samples by hand to estimate the sample-tosample variability. Since taking many samples is often not practical,
computer simulation, like you conducted in this lesson, is another way to
estimate the sample-to-sample variability. You simulated conducting many
surveys of 25 students to see how much they varied.
Unit 8: Sample-to-Sample Variability
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Lesson 8.2.1 Can I make a decision based on my sample?
Statistical Test Using Sampling Variability
Lesson Objective:

Students will continue their investigations into sample-to-sample
variability by determining whether a claim about the population is
supported by their survey.

Standards:

CCSS:
S-IC 4: Use data from a sample survey to estimate a population mean or
proportion; develop a margin of error through the use of simulation models
for random sampling.
NCTM:
Use simulations to explore the variability of sample statistics from a
known population and to construct sampling distributions.
[Understand how sample statistics reflect the values of population
parameters] and use sampling distributions as the basis for informal
inference.

Length of Activity: One day (approximately 50 minutes)
Core Problems:

Problems 8-19 and 8-20

Materials:

None

Suggested Lesson
Activity:

Open the class by reminding students that we can determine the sample-tosample variability, and that we therefore can write our results with a
margin of error.
You may want to explain the scenario in problem 8-19 rather than just
reading it. Students will be conducting a hypothesis test, although it is not
necessary for students to understand this new vocabulary in this unit. A
claim has been made (“more than 50% of the students support a dance”),
and students will be determining whether there is convincing evidence to
support that claim. The survey indicates that 60% of the sample of
students supports the new dance. But because of the small sample size, we
expect a large sample-to-sample variability. So we cannot immediately
jump to the conclusion that more than 50% of the students support the
dance. Indeed, it might be plausible that only 50% (or less) of all the
students at the school support the dance, even though the small sample
showed 60% support.
(In statistical theory, the null hypothesis is that 50% (or less) of all students
at the school support the dance. The alternative hypothesis is the claim
that more than 50% of students support the dance. For teachers
comfortable with college-level statistics, the 90% one-proportion z
confidence interval for a sample size of 25 is 0.60 ± 0.161 , or the interval
from 0.439 to 0.761. Since the confidence interval contains the null
hypothesis, the null hypothesis is plausible and we fail to reject the null
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hypothesis. We do not have sufficient evidence to support the claim.)
In part (a) of problem 8-19, students will investigate sample-to-sample
variability with a computer simulation. They can then make a prediction
of the proportion of all students at the school that support the dance using
the upper and lower bounds as in previous lessons.
In problem 8-20 students conclude that 50% or less is within the interval
determined by the margin of error. Because of the large sample-to-sample
variability (due to the small sample size) we are not convinced that the true
population has more than 50% supporting the dance, even though the
survey found 60% of the students supporting the dance.
Note that if by very unusual happenstance students collect simulation data
with a margin of error less than 10%, students will make the opposite
conclusion. If the interval does not contain 50%, it will be plausible that
more than 50% of all students do indeed support the dance.
Closure:
(10 minutes)

The closure discussion today is essential in having students understand the
concepts behind today’s activity. Students should understand by now that
if we took samples over and over again we would get a variety of survey
results. Hence the concern of the principal. If a single sample resulted in
60% support for the dance, the principal is not convinced that more than
50% of the true population actually supports the dance due to sample-tosample variability. Indeed, it turned out to be quite plausible that less than
50% of the students support the dance. So we cannot claim that a majority
of students support the dance.
Recall from Lesson 8.1.4 that a larger sample size reduces the margin of
error: since larger samples are more representative of the whole
population, larger samples vary less from sample to sample. In order to
convince the principal, students need to reduce the margin of error (so that
it does not contain 50%) by taking a much larger sample of students.

Additional
Problems:

Problems 8-21 through 8-22
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8.2.1

Can I make a decision?

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

Statistical Test Using Sampling Variability

8-19.

The principal of Algieres High School cancelled the Winter Formal dance because he
believed that students preferred an all-school trip to an amusement park during spring
break. But he told the Student Council that if they could convince him that more than
50% of the school preferred the Winter Formal he would reinstate it. The Student
Council randomly surveyed 25 students; 60% of them preferred to keep the dance.
Even though a majority in the sample wanted the dance, the principal was not
convinced. He said that due to natural sample-to-sample variability, the true
proportion of dance supporters might not actually be more than 50%.
This kind of investigation into sample-to-sample variability is called a hypothesis test:
a claim has been made about the population (more than 50% support the dance), and
we take a sample to test whether there is convincing evidence for the claim.
a.

We will need to investigate the sample-to-sample variability of a survey that
concludes 60% of students support the dance. Our computer simulation will
generate random numbers from 1 to 100. The first 60 numbers (from 1 to 60)
will represent a student who supports the dance, while the numbers from 61 to
100 represent a student who does not support the dance. Randomly choose 25
“students” from the “population” in which 60% support the dance by pressing
PRB randInt(1,100,25) ¿ y d. Your 25 students are stored in
List1. Due to natural sample-to-sample variability the proportion of students
who support the dance in your random sample is probably not exactly 0.60.
What proportion of students in your sample supported the dance?

b.

Repeat the simulation with 5 more trials and record the proportion of dance
supporters each time.

c.

If you were to combine your proportions with those of your classmates, what do
you suppose the mean of all the samples would be close to? Why? [ The mean
of the samples will be close to the mean of the population of 60%. ]

d.

Combine the results of your samples with those of your classmates. What are
the lower and upper 5% bounds of your sample-to-sample variability?
[ Theoretically 0.44 and 0.76 ]

e.

Predict the proportion of the all the students at Algieres High that support the
dance and give the margin of error. [ Theoretically 60% ± 16% ]
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8-20.

The principal will consider your prediction in part (e) of problem 8-19 for the
proportion of all students at the high school that support the dance. Does the
principal have convincing evidence that more than 50% of the students support the
dance? [ Due to natural sample-to-sample variability, it is quite plausible only
50% of students, or even less, support the dance. The principal is not convinced
of the students claim that more than 50% support the dance. ]

Additional Problems

8-21.

The principal at Algieres High School believes that over 20% of students are textmessaging at least once a week during class—obviously he believes this is an
impediment to effective learning. Students claim that the actual percentage is much
lower and that stricter rules are not necessary. Mrs. Rahil secretly observed her
homeroom class very carefully for a week; only 13% of students actually textmessaged during class. Assuming her homeroom is representative of the whole
school, Mrs. Rahil’s class did a computer simulation and determined a margin of
error of 10%. Is it plausible that the principal is correct and 20% of the whole school
is text-messaging? [ Yes, 20% is within the margin of error of 13% ± 10% . ]
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8-22.

Students at Algieres High think they are safer drivers than average teenagers. In a
random sample of 120 students at Algieres High, 18 students said that they got into a
car accident when they were 16 years old.
a.

What percent of 16-year-olds in this sample got into a car accident? [ 15% ]

b.

You wish to do a computer simulation of the sample-to-sample variability.
Explain exactly what you would type into your calculator to do this simulation.
After you did the simulation once, what would the numbers in your calculator
screen represent? [
PRB randInt(1,100,120) ¿ y d . That
stores 120 students List1. The numbers 1 to 15 represent a student who
had an accident when they were 16 years old, while the numbers 16 to 100
represent a student who did not have an accident. ]

c.

Billy ran the simulation 100 times and obtained the following proportions of 16year-olds that got into a car accident.
Proportion of 16-year-old students in a car accident.
Simulation mean = 0.15
0.19
0.14
0.13
0.12
0.20
0.13
0.17
0.15
0.16
0.14
0.12
0.13
0.14
0.12
0.17
0.11
0.13
0.16
0.18
0.20
0.10
0.17
0.15
0.17
0.19
0.14
0.19
0.11
0.15
0.10
0.12
0.14
0.19
0.09
0.13
0.18
0.20
0.14
0.11
0.17
0.20
0.15
0.20
0.18
0.15
0.11
0.16
0.12
0.20
0.14
0.17
0.10
0.18
0.17
0.19
0.18
0.11
0.11
0.14
0.13
0.15
0.13
0.18
0.17
0.28
0.14
0.15
0.13
0.11
0.13
0.11
0.11
0.15
0.15
0.12
0.20
0.15
0.22
0.17
0.11
0.15
0.18
0.12
0.26
0.15
0.13
0.11
0.13
0.15
0.16
0.14
0.15
0.23
0.15
0.08
0.19
0.15
0.15
0.18
0.10
(checksum 15.17)

d.

Consider the lower and upper 5% bounds to determine the margin of error for the
proportion of students who got into an accident at Algieres High. [ 15% ± 5% ]

e.

According to the U.S. Census Bureau, 21% of 16-year-olds nationwide get into
a car accident. But in the sample at Algiers High, only 15% got into a car
accident. Can students at Algiers make the claim that they are safer drivers?
[ Yes. 21% is outside of the interval of the margin of error. There is
convincing evidence that the rate of accidents at Algiers is lower than the
nationwide rate. ]
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MATH NOTES

ETHODS AND MEANINGS
Margin of Error

Using a statistic from a representative sample to make an inference
about a population parameter is what the bulk of statistics is all about. Due
to natural sample-to-sample variability you cannot say for sure what the true
value for the population is based on a statistic. But you do have confidence
that the true value lies within an interval called the margin of error.
To compute a margin of error, a computer simulation is used to estimate the
sample-to-sample variability. Then the middle 90% (or 95% or 99%) of the
data are used as the upper and lower bounds of our estimate. By sorting the
simulated samples from lowest to highest, and determining where the lowest
5% and upper 5% of the data begin, we can determine the margin of error.
The margin of error is half this range. Data from 100 simulated samples
from a population in which 48% support the president might look like this:
43% 44% 44% 45% 45% 45%…(88 more samples)…50% 51% 51% 52% 52% 54%

The lowest five samples (lowest 5% of 100 samples) is at 45% and the upper
five samples are at 51%. So the range is 6%, and we would report that 48%
of the voters support the president with a margin of error of ±3%.
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Lesson 8.2.2 Did my experiment show results?
Variability in Experimental Results
Lesson Objective:

Students will simulate sample-to-sample variability to determine if it is
plausible that two treatments in an experiment are truly different.

Standards:

CCSS:
S-IC 5: Use data from a randomized experiment to compare two
treatments; use simulations to decide if differences between parameters are
significant.
NCTM:
[Understand how sample statistics reflect the values of population
parameters] and use sampling distributions as the basis for informal
inference.

Length of Activity: One day (approximately 50 minutes)
Core Problems:

Problem 8-23

Materials:

None

Technology Notes:

These additional sections of the Appendix: TI-83+/TI-84+ Calculator
Instructions, may be helpful:
6b. Simulations

Suggested Lesson
Activity:

Today’s activity is an extension of yesterday’s investigation. Yesterday
students considered sample-to-sample variability when comparing the
results of a survey sample to a claim that was made. Today sample-tosample variability will be considered when comparing two experimental
results to each other. Although they will not be using the vocabulary,
students are determining whether or not the results of an experiment are
statistically significant.
For the experiment in problem 8-23, we are not particularly concerned with
what proportion of tadpoles survived. The question of interest is whether
there is a difference in the proportion that survived when the tadpoles did
not have mosquito larvae to feed on any more. The experimental results of
our two samples indicate a difference of 0.14: more tadpoles survived in
our samples when they had mosquitoes to feed on. But of course this is
just one small sample from each type of frog food. The true population
difference in survival between the two kinds of food could be more or less
(or even negative).
In part (d), students predict the true population difference in the proportion
of all tadpoles that will survive and those that will not, and give the margin
of error. The margin of error contains zero. That means in the true
population of all tadpoles, it is plausible that there is no difference between
those tadpoles that ate mosquitoes and those that did not. Even though our
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samples showed a difference of 14% in their survival rate, “no difference”
is a plausible result, and we cannot conclude that there is a true difference
in the two populations.
For teachers comfortable with college-level statistics, the 90% twoproportion z confidence interval for the difference between the two
unpooled samples is 0.14 ± 0.1552 , or the interval from –0.0152 to 0.2952.
Note that for simplicity in part (a) of problem 8-23 we pool the samples to
find the standard deviation, although theoretically the samples should not
be pooled.
Closure:
(10 minutes)

Additional
Problems:

Compare and contrast the activity from the previous lesson (comparing a
sample with variability to a claim about the population which does not
have variability) to today’s lesson (comparing the difference in two
samples, both with variability).
Problems 8-24 and 8-25
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8.2.2

Did my experiment show results?

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

Variability in Experimental Results
Today you will use what you know about sample-to-sample variability to determine if two
results in an experiment are truly different.

8-23.

The female red-eyed poison-dart frog visits numerous bromeliads (“air plants”) where
pools of water have collected in the leaves. In each pool, she lays a single egg that
grows into a tadpole. The tadpoles feed on mosquito larvae in the pools, but locals
have been killing the mosquito larvae. Environmentalists are concerned because they
are unsure whether or not tadpoles will adapt and eat some other kind of food source.
Janelle led a team of environmental scientists to the Costa Rican rain forest. They
tagged 100 female tadpoles and determined the number that grew to adulthood.
Mosquito larvae were placed in 50 of bromeliads, and the other 50 bromeliads were
treated so that mosquitoes could not live there.
36 of the 50 tadpoles (72%) with mosquitoes survived, while 29 of the 50 (58%)
non-mosquito tadpoles survived. The difference in the proportion that survived is
0.72 ! 0.58 = 0.14 . Investigate whether a difference in the proportion of tadpoles
that survived of 0.14 can be explained by natural sample-to-sample variability, or if
there is a true difference between the two groups.
a.

First explore the sample-to-sample variability using a computer simulation.
When there are two samples, we can roughly estimate the sample-to-sample
variability by combining the samples. For our model, there are 100 tadpoles,
numbered 1 to 100. There were 36 + 29 = 65 tadpoles that survived, so the
numbers 1 to 65 will represent a tadpole that survived. The numbers 66 to 100
will represent a tadpole that died. Take a sample of 100 tadpoles with your
calculator:
PRB randInt(1,100,100) ¿ y d. What proportion
survived? What proportion did not survive? What is the difference between
these two proportions (proportion survived minus proportion that did not
survive)?

b.

The difference of proportions in your random sample that survived is probably
higher or lower than 0.14, or even negative, due to natural sample-to-sample
variability. What does a positive difference mean in the context of this
problem? What does a negative difference mean? [ A positive difference
means that more survived than did not; a negative difference means more
died than survived. ]
Problem continues on next page. →
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8-23.

Problem continued from previous page.
c.

If we take repeated random samples, we can estimate the sample-to-sample
variability, and thus the margin of error. Here are the differences in the
proportion that survived (proportion survived minus proportion that did not
survive) in 100 trials of the simulation in part (a):
Proportion survived minus proportion did not survive.
Simulation mean = 0.14
0.10
0.33
0.13
0.13
0.10
0.05
0.10
0.02
–0.05
0.14
0.21
0.12
0.22
0.22
0.17
0.13
0.24
–0.07
0.23
0.14
0.16
0.30
0.12
0.21
0.11
0.17
0.19
0.14
0.13
0.09
0.05
0.10
0.23
0.29
0.30
0.26
0.08
0.07
0.30
0.05
0.12
–0.04
0.16
0.03
0.13
0.26
0.16
0.08
0.14
0.07
0.27
0.19
–0.01
0.19
0.16
0.06
0.17
0.18
0.06
0.13
0.15
0.11
0.07
0.05
0.15
0.18
0.24
–0.02
0.10
0.16
0.19
0.18
0.36
0.20
0.06
0.22
0.17
0.16
0.26
–0.04
0.13
0.05
0.05
0.15
0.19
0.13
0.18
0.10
0.13
0.10
0.16
0.21
0.17
0.09
0.03
0.13
0.13
0.12
0.15
0.23
(checksum 14.1 )
Now find an upper and lower bound on the proportions. What proportion are
about 5% of the samples greater than? What proportion are about 5% of the
samples less than? What upper and lower bounds are the middle 90% of the
proportions between? [ Lower bound –0.015, upper bound 0.295 ]

d.

You have been looking at the sample-to-sample variability when you simulated
the differences in proportions between those that survived and those that did not
survive to be 0.14. Predict the true difference in the proportion of those that
survived and those that did not survive and give the margin of error.
[ 0.14 ± 0.16 ]
Problem continues on next page. →
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8-23.

Problem continued from previous page.
e.

Is a difference of zero a plausible result considering your margin of error?
What does a difference of zero mean in the context of this problem? [ A
difference of zero is within the margin of error, so it is a plausible result.
A difference of zero means that there is no difference in the survival rate
of tadpoles that ate mosquitoes and tadpoles that did not. ]

f.

Are you convinced that there is a true difference in the tadpoles that ate
mosquitoes and those that did not? [ No. Because a difference of zero is
within the margin of error, a difference of zero is a plausible result for the
population of all tadpoles. We are not convinced there is a true difference
in whether tadpoles ate mosquitoes or not. ]
Additional Problems

8-24.

Students in Miss Hampton’s science class tested the effectiveness of detergent in
getting dishes clean. They created a gooey paste of hard-to-clean foods (spaghetti
sauce, mustard, mashed potatoes, and grape jelly) and smeared 250 clean dinner
plates with an exact amount of the food paste. They weighed each plate and
randomly placed them into commercial dishwashers. Half the dishwashers had
detergent in them, and half had only clean water. After cleaning the dishes, they
weighed each plate to determine the portion of food paste that remained. 84% of the
food was removed from dishes cleaned with detergent, while only 72% of the food
was removed from dishes cleaned without detergent. Using the steps below, explore
whether detergent really helps dishes get cleaner than just plain water.
a.

What is the difference in the proportions (detergent minus plain water)?
Express your answer as a decimal. [ 0.12 ]

b.

Mrs. Hampton’s class ran a computer simulation and determined the sample-tosample variability of the difference between the proportion of food removed by
the detergent compared to plain water. They concluded that the difference in
the true proportion of food removed was 0.12 ± 0.085 .
Is a difference of zero a plausible result considering their margin of error?
What does a difference of zero mean in the context of this problem? [ A
difference of zero is not within the margin of error, so it is not a plausible
result. A difference of zero means that there is no difference in the
percentage of food removed with detergent compared with the percentage
of food cleaned off with plain water. ]

c.

Are you convinced that there is a true difference between cleaning with
detergent and cleaning with plain water? [ Yes. Because a difference of zero
is not within the margin of error, a difference of zero is not a plausible
result for the population of all food cleaned. We are convinced there is
between 3.5% and 20.5% ( 12% ± 8.5% ) more food removed with detergent
than with plain water. ]
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8-25.

Olivia loves playing putt-putt golf. In putt-putt golf you do not swing at a golf ball,
but rather you only putt the golf ball (tap the ball with a club so that it rolls into a
hole). Olivia experimented with her new club to determine whether or not she played
better with it. Each time before she putted a golf ball, Olivia flipped a coin to
determine whether she would use her new club or the old one. She experimented on
80 putts. With the new club, Olivia made 25% of the 40 putts, while with the old one,
she made only 15% of the 40 putts. Using the steps below, help Olivia decide
whether or not her new golf club is really better, or if this difference can be explained
by sample-to-sample variability.
a.

What is the difference in the proportions (new club minus old club)? Express
your answer as a decimal. [ 0.10 ]

b.

Olivia needs a computer simulation to determine the sample-to-sample
variability:
i.

Out of the 80 putts, how many went into the hole? [ 25% of 40 + 15% of
40 = 16 putts went into the hole ]

ii.

For our computer model, there are 80 putts. What will the numbers 1 to
16 represent? What will the numbers 17 to 80 represent? [ 1 to 16 will
represent a putt that went into the hole; 17 to 80 will represent a putt
that missed. ]

iii.

Conduct a simulation of 80 putts by entering
PRB randInt(1,80,80)
¿ y d into your calculator. What proportion of the putts in
simulation went into the hole? What proportion did not go into the hole?
What is the difference in the proportion (proportion that went into the hole
minus proportion that did not go in)?

Olivia ran the simulation 50 times and calculated the difference in the
proportion of putts that went into the hole and those that did not go into the hole
for each simulation. From her results she predicted the true difference in
proportion of all her putts was 0.10 ± 0.146 .
c.

Is a difference of zero a plausible result considering your margin of error?
What does a difference of zero mean in the context of this problem?
[ A difference of zero is within the margin of error, so it is a plausible
result. A difference of zero means that there is no difference in the
proportion of putts that went in the hole with the new club and the
proportion of putts that went in with the old club. ]

d.

Are you convinced that there is a true difference between the new club and the
old club? [ No. Because a difference of zero is within the margin of error, a
difference of zero is a plausible result for the population of all putts. We
are not convinced there is a true difference in the number of putts that go
in with the new club compared to the old club. ]
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MATH NOTES

ETHODS AND MEANINGS
Statistical Tests

You have looked at two different types of statistical tests. In Lesson
8.2.1, you took a sample and compared the sample statistic to a claim about
the population. Specifically, you compared the survey results of 60% to the
principal’s claim that the true value of the population was 50% or less. By
simulating the sample-to-sample variability you created a margin of error. If
the claim was within the margin of error, you concluded that the claim was
plausible. If the claim was not within the margin of error, you concluded that
the claim was not plausible.
In the experiment with frog tadpoles you performed a different kind of
statistical test. You had two samples, and you calculated the difference
between those two samples. Then you looked at the sample-to-sample
variability of the differences between the two samples. A margin of error
was created for the true difference between the two populations. If a
difference of zero was within that margin of error, you concluded that it was
plausible that there was no difference between the two populations; you
could not conclude that the two populations were in fact different. On the
other hand, if a difference of zero was not within the margin of error, you
could conclude that it was plausible that there was actually a true difference
between the two populations.
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Lesson 8.2.3 Should I reject for poor quality?
Quality Control
Lesson Objective:

Students will use simulations to decide whether or not a manufactured part
is within typical quality specifications.

Standards:

CCSS:
S-IC 5: [Use data from a randomized experiment to compare two
treatments;] use simulations to decide if differences between parameters
are significant.
NCTM:
Understand how basic statistical techniques are used to monitor process
characteristics in the workplace.

Length of Activity: One day (approximately 50 minutes)
Core Problems:

Problem 8-26 through 8-28

Materials:

Dice, 10 per team (twenty or thirty dice per team would be even better)

Suggested Lesson
Activity:

In a quality control process in industry or business, upper and lower quality
limits are determined by a wide variety of factors. Since we do not have
actual quality parameters in problem 8-26, we will create quality
parameters with a simulation. The middle 90% of results will be
considered to be “within specification.”
Each student will do his or her own 5 computer simulations (on their
calculators). When you combine the whole class data in part (c), you will
need at least 100 simulations to make a useful distribution. By combining
the class’ data, students will determine what the middle 90% of means of
ten dice are. We will consider those middle 90% of the rolls our “quality”
dice.
Theoretically, the mean of ten dice is expected to be 3.5 with a standard
deviation of 1.7078, so 90% of the time we would expect the mean to be
between 2.6117 and 4.3883.
Provide each team with ten actual dice in problem 8-27. These are the dice
they will check for quality. Have students roll the dice once and record the
mean. If the mean is not within the limits they determined earlier, the dice
(and the case they came from) will need to be rejected. If you have a lot of
dice, give each team another “sample” of ten dice. The more dice they get
to check for quality, the more fun the activity will be (and the more sets of
ten dice that will be rejected). But to keep the situation realistic, do not
reuse the dice. Expect about 10% of the sets of ten dice to be outside of
quality limits.
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Closure:
(10 minutes)

Additional
Problems:

Hold a whole class discussion. Students should understand that in the
computer simulation portion, they were determining what mean and
variability good dice would theoretically have. Then students took the
middle 90% of these data and defined those means as “quality” dice; the
5% extremes were rejected as defective. Once the upper and lower limits
on quality were determined, students purportedly took a random sample of
ten dice from manufacturing to represent the dice in that case. If the
sample was not “quality,” the whole case was rejected.
You may want to give a teaser about tomorrow’s lesson: business and
industry finds it more cost effective and efficient to check the
manufacturing process rather than the quality of the end products.
Problems 8-29 through 8-30

Unit 8: Sample-to-Sample Variability

40

8.2.3

Should I reject for poor quality?
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Quality Control

8-26.

When companies accept items for shipment or distribution, they often do not test
every single item for quality. In many processes, testing every item would be far too
time-consuming and expensive. Or, consider the quality control testing of 2-liter soda
bottles for bursting strength. Sometimes testing even destroys the item! If they tested
every item there would be nothing left to ship. Instead, quality control testing is done
on a small sample of items. If the sample fails in quality, the entire batch is thrown
out or recycled.
Your task is to assure quality control for the P.C.I. (Probability Cubes Incorporated)
dice company. The quality of their product is critical for the success of P.C.I. We
plan to take 10 dice out of each case and test to see if they fall within company
specifications. If the dice fail to fall within the acceptable range, the entire case will
be thrown out.
To determine the acceptable range for well-functioning dice, we will use a computer
simulation.
a.

Each person in your team should simulate the rolling of a perfectly
manufactured set of ten dice. Enter
PRB randInt(1,6,10) ¿ y
d. In List1 you now have the simulated rolls of ten dice. Use 1-Var Stats to
find the mean of the ten rolls and record your mean.

b.

Each team member should repeat the simulation five times. Record the mean
each time.

c.

Your teacher will tell you how to combine your mean with those of all your
classmates. If you are done early and waiting for your classmates, continue to
repeat the simulation and record the mean.

d.

Combine your results with those of your classmates. Make a histogram of the
sampling distribution. What is the mean of the sampling distribution? [ The
mean will be about 3.5. ]

e.

Find the upper 5% and lower 5% bounds as you did for previous lessons.
Compare your bounds with the rest of the class. [ Theoretically, bounds will
be between 2.61 and 4.39. ]
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8-27.

8-28.

We will consider the bounds you found in problem 8-26 the upper and lower bounds
of a normal manufacturing process of ten dice. A set of ten dice that does not fall
within this range will be considered defective and the entire case will be thrown out.
a.

Your teacher will have one or more samples of ten dice from P.C.I., each from
a different case that was manufactured early this morning. Roll the sample of
ten dice once and calculate the mean roll. Did your batch fall within the quality
control bounds? If not, P.C.I. will need to discard the entire case they came
from.

b.

Repeat for another sample of dice if you have one. Was this sample of dice
within your quality control bounds?

How many cases of dice were rejected by the quality control engineers in your class?
What percent of the cases were rejected? [ About 10% will be rejected, because we
set the bounds at the upper 5% and lower 5%. ]

Additional Problems

8-29.

Due to natural variability in manufacturing, a 12-ounce can of soda does not usually
hold exactly 12 ounces of soda. A can is permitted to hold a little more or a little less.
The specifications for the soda-filling machine are that it needs to fill each can with
12 ± 0.25 ounces of soda. If a can of soda is filled with 11.97 ounces of soda, is the
filling machine operating within specifications? [ Yes. As little as 11.75 ounces is
still within specifications. ]

8-30.

A company makes metal plates on which they put a special coating. Flaws appear in
the finish of these metal plates and the company wants to establish a quality control
system. A machine scans each plate after it is finished and reports the number of
flaws. The data they collected for 50 samples are shown below.
7
13
5
1
4

10
9
10
7
14

9
21
6
5
7

3
10
13
2
12

13
6
3
0
6

7
8
2
11
1

5
3
7
3
10

8
12
4
4
6

8
10
7
11
11
8
3
1
2
12
checksum 361

Determine quality control bounds for the company. Careful! Should you reject plates
that have too few flaws? [ Students should reject the upper 10% of the data.
Flaws should be ≤ 12. ]
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Lesson 8.2.4 Is the process out of control?
Statistical Process Control
Lesson Objective:

Students will simulate a quality control process.

Standards:

NCTM:
Understand how basic statistical techniques are used to monitor process
characteristics in the workplace.

Length of Activity: One day (approximately 50 minutes)
Core Problems:

Problem 8-31 through 8-33

Materials:

None

Suggested Lesson
Activity:

Begin by having students read the lesson introduction.
In problem 8-31 students are introduced to an x-bar control chart for a
manufacturing process. The chart is called “x-bar” because it plots the
mean ( x ) of samples over time. Often s control charts are also used in
manufacturing (which plot the standard deviation of the sample over time)
but s control charts are beyond the scope of this lesson.
To create the graph in part (b) of problem 8-31, the following settings were
used on the TI graphing calculator:

Problems 8-32 and 8-133 continue with interpreting process control charts.
Pay attention to the typical reasons a process can go out of control in part
(b) of problem 8-32 and part (e) of problem 8-33.
In additional problems 8-34 and 8-35, another aspect of process control is
introduced. Engineers also pay attention to variability in the process, and
patterns in the process, even when the process is mostly in control. A
“perfect” process should look like random scatter about the centerline.
Students will commonly get a “DIM MISMATCH” error when creating
process control charts as shown in the display below.

This occurs when the number of items in List 1 is not the same as the
number of items in List 2. In the display above, List1 has 19 items while
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List 2 has 20 items. When the student attempts to make a scatterplot, the
error is displayed.
Closure:
(10 minutes)

Additional
Problems:

Is summarizing this lesson, students should not only understand the two
mathematical definitions for a process going out of control (one-point out
of limits, or nine consecutive points above or below centerline), but should
also begin to understand some of the manufacturing situations that lead to
those two out-of-control situations.
Problem 8-34 through 8-35
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8.2.4

Is the process out of control?
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Statistical Process Control
In Lesson 8.2.3 you checked the quality of an item after it was manufactured to verify that it was
within the natural sample-to-sample manufacturing specifications. Today we will explore
whether the manufacturing process remains constant over time.
Natural variation occurs in all manufacturing processes, no matter how precise, computerized, or
state-of-the-art. For example, a manufacturer of ball bearings for precision aircraft parts needs to
be sure the size of the ball bearings are always the correct size. If they are slightly too large or
too small, they may cause the aircraft to fail at an inconvenient time!
Each ball bearing is a slightly different size than the next one due to small variations in the metals
being used, impurities in raw materials, wear of the machinery, temperature and humidity, among
many other variations. Since variation is always present, engineers must control the
manufacturing process so that the final product remains useful. The ball bearing cannot be
manufactured to an exact size each and every time, but it can be manufactured to fall within a
specification, say 50mm +/- 2.0mm.
Checking quality over a time period is called statistical process control. The process needs to
remain stable over time so that the output or product of that process remains of high quality.
In Lesson 8.2.3 you verified the quality of an item (the set of dice) after it was manufactured. If
the quality was poor, large quantities of the item had to be discarded or recycled at great expense.
A fundamental tenet of manufacturing is that it is far less expensive to control the manufacturing
process—to catch and fix problems early—rather than test the quality of the finished product
when it can no longer be fixed.

Unit 8: Sample-to-Sample Variability

45

8-31.

x-BAR CONTROL CHART
The Brrrr! Ice Company must keep the size of the ice cubes it makes within certain
specifications for the ice cubes to be useful for restaurants. Brrr! Ice keeps track of
the process of making ice cubes by taking a sample of 10 ice cubes every hour and
then plotting the mean size over time. Some of their data from yesterday is below.
hour
1
2
3
4
5
6
7
8
9
10
mean cube
273.1 262.7 264.1 206.9 295.4 238.6 197.8 277.2 284.5 256.6
size (mm)
hour
11
12
13
14
15
16
17
18
19
20
mean cube
220.3 303.1 278.9 306.3 263.3 208.9 253.3 213.7 216.4 263.3 checksum 5084.4
size (mm)

a.

Create a scatterplot with mean cube size as the
dependent variable and time as the independent
variable. Use the option on your calculator to
connect the dots as shown in the display at right.

b.

The process data is useful only if we know what size
ice cubes are acceptable. These specifications are
called the upper control limit (UCL) and lower control
limit (LCL). The Brrrr! Ice Company will tolerate ice
cubes that are between 250mm +/- 100mm. Add the
control limits to your scatterplot by graphing the UCL
of y = 350 and the LCL of y = 150 along with your
data. Set the window appropriately. Your graph will
look something like the one shown at right.
This kind of chart is called an x-bar process control chart because it plots the
mean ( x ) data from the manufacturing process. Since all of the means are
within the process control limits, this manufacturing process is said to be in
control.

Unit 8: Sample-to-Sample Variability

46

8-32.

AN OUT-OF-CONTROL PROCESS
The mean ice cube size for the following data at Brrr! Ice is below.
hour
1
2
3
4
5
6
7
8
9
10
mean cube
242.5 277.1 250.0 234.2 229.7 243.6 282.8 303.0 247.7 217.0
size (mm)
hour
11
12
13
14
15
16
17
18
19
20
mean cube
278.6 244.2 195.4 224.3 382.1 242.4 226.5 284.4 239.1 288.2 checksum 5132.8
size (mm)

8-33.

a.

Create an x-bar process control chart. [ See graph at
right. ]

b.

At which hour did the process go out of control?
Consider the context and make conjectures about what
might have happened during the manufacturing process
this hour to make the process go out of control.
[ 15; water impurity, power surge, external
contamination such as detergent on machine. ]

The mean ice cube size for yet another day at Brrr! Ice is below.
hour
1
2
3
4
5
6
7
8
9
10
mean cube
275.4 213.8 182.6 250.1 228.7 275.3 220.1 166.0 258.5 240.9
size (mm)
182.6hour 11
12
13
14
15
16
17
18
19
mean cube
255.3 309.1 270.0 255.7 306.8 338.2 336.6 311.3 332.5
size (mm)

20
checksum 5026.9

a.

Create an x-bar process control chart. [ See graph at
right. ]

b.

What do you notice about the process control chart that
might concern you as a quality control engineer at Brrr!
Ice? Why did the engineers stop the process after the
19th hour? [ The last few hours of data show an
upward trend in mean size; in the next hour, the
process may go out of control. ]

c.

Even though a process is entirely within the process limits, a process is
considered out of control if nine consecutive points lie above or below the
centerline of the process limits. What size of ice cube is in the center between
the UCL and the LCL? [ Between the UCL=350 and the LCL = 150 is a
center line of 250. ]
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d.

Add the centerline to your graph and determine if this
process is out of control. [ See graph at right. Yes
the process is out of control because the last nine
points all lie above the centerline. ]

e.

Make a conjecture in the context of the problem as
to what in the manufacturing process may cause a “nine points” loss of control.
[ Overheating of the machinery, general drop of power do to air conditioner
turning on at hour 10 or 11, change of operator, wearing of machine parts. ]

Additional Problems

8-34.

Every hour, Katie’s Konfections weighs a sample of chocolates from their
manufacturing process. For each of the process control charts below, describe
whether the process is in control, and if not, what in the manufacturing process could
have led to the out-of-control state.

[ The first process is wildly out of control; systems wildly out of control are often
caused by inexperienced operators. The second process is fully in control. The
third process is technically out of control at only one point, but the cyclical
nature of the process is disconcerting. Any explanation that is cyclical over
20 hours is acceptable.]
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8-35.

At the Bright Idea Lighting Company 10 flashlights are sampled each hour to
determine whether the manufacturing process is in control. The UCL is 0.10
defective, and the LCL is 0.05 defective.
a.

Create a process control chart for the following hours. [ See graph at right
below. ]

hour
1
2
3
4
5
6
7
8
9
10
11
12
13
proportion
0.06 0.08 0.09 0.06 0.05 0.08 0.08 0.07 0.11 0.10 0.05 0.07 0.04
defective
182.6hour 14
15
16
17
18
19
20
21
22
23
24
25
proportion
checksum
0.08 0.08 0.09 0.08 0.09 0.09 0.08 0.09 0.10 0.06 0.05 0.05
defective
1.88

b.

As a quality control engineer for Bright Light what do
you report about the process control? [ The process
has a lot of variability for the first 14 hours. There
are two out-of-control points (one upper and one
lower). Apparently an adjustment was made at
hour 14 because the process is much less variable,
but now there are nine consecutive points above the
centerline of 0.075. Apparently another adjustment
was made at hour 22, but this apparently swung the
process to the very low end. ]
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