Population Parameters with M&M’S®
Overview of Lesson
This activity allows students to investigate the construction of sampling distributions. Students will set
up a statistical question to explore a population parameter of interest and, more specifically, perform a
hands-on investigation to investigate the information that we obtain by looking at a sampling distribution.
Students will be divided into pairs or small groups and asked to describe how the percentage of candies
that are blue vary from one bag to the next. To do this, students will be presented with many bags of
M&M’S® and asked to make a conjecture about the percentages of blue M&Ms they will see. By the end
of the investigation, students will be able to understand the meaning of a sampling distribution and
understand the type of information that it tells us about the sample statistic.
GAISE Components
This activity follows all four components of statistical problem solving put forth in the Guidelines for
Assessment and Instruction in Statistics Education (GAISE) Report. The four components are:
Formulate Question, Collect Data, Analyze Data, and Interpret Results.
This is a GAISE Level B Activity.
Common Core State Standards for Mathematical Practice
1. Make sense of problems and persevere in solving them.
2. Reason abstractly and quantitatively.
3. Construct viable arguments and critique the reasoning of others.
4. Model with mathematics.
Common Core State Standards Grade Level Content (High School)
S-ID 1. Represent data with plots on the real number line (dot plots, histograms, and box plots).
S-IC. 1. Understand statistics as a process for making inferences about population parameters based on a
random sample from that population.
NCTM Principles and Standards for School Mathematics
Data Analysis and Probability Standards for Grades 9-12
Formulate questions that can be addressed with data and collect, organize, and display
relevant data to answer them:
• Compute basic statistics and understand the distinction between a statistic and a parameter.
Develop and evaluate inferences and predictions that are based on data:
• Understand how sample statistics reflect the values of population parameters and use
sampling distributions as the basis for informal inference.
Prerequisites
Prior to completing this activity, students should be able to:
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•
•
•
•
•

Identify the population and sample targeted in a sample survey and in other situations
involving random sampling (e.g., the population of interest is all students at a high school and
the sample would be a random sample of students would be taken to give a survey to)
Understand that information from a sample is used to draw conclusions about the entire
population.
Distinguish between a parameter and a statistic.
Understand dot plots and how they are used to represent quantitative data.
Be very comfortable with the concept of proportion and how to calculate a sample proportion
(e.g., the proportion of female students in a sample can be found by taking the number of
females in a sample divided by the total number of students sampled).

Learning Targets
After completing the activity, students will have a more in-depth understanding of how a sampling
distribution represents the sample-to-sample variation of a statistic. They will be familiar with the fact
that different samples give different summary statistics. Students will understand both the method of
constructing a dot plot and how the plot is used to display the sampling distribution of quantitative data.
Time Required
The time required for this activity is roughly 90 minutes (if there are a small amount of students in a class,
then the activity may take longer as students will have to sample more M&Ms).
Materials Required
For this activity, students will need a pencil, paper, and packages of M&M’S®. A total of approximately
300 packages of M&Ms are needed for the entire class. It’s important to notice that different bags may
have a different total number of M&Ms. Because this activity is building towards an understanding of the
central limit theorem, where one takes repeated samples of the same size, it’s important for foundational
understanding that this introductory activity adhere to this in order to not cause confusion later on.
In general, an individual size bag of M&Ms has somewhere between 55-60 total M&Ms. From our work,
56 seems to be the most common total in a bag. So, the instructor ensure that each baggie has 56 M&Ms.
In terms of preparation, the number of M&Ms in each bag is trivial, but each bag having the same
number is necessary.
See photo below – each sandwich bag has 56 M&Ms in it, as well as the wrapper to show students where
the M&Ms came from.
The instructor will provide the activity sheet.
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Instructional Lesson Plan
The GAISE Statistical Problem-Solving Procedure
I. Formulate Question(s)
Before beginning the activity, the teacher may wish to review the definitions of population, sample,
population parameter and sample statistic, reinforcing student understanding of these foundational
concepts for the lesson. Begin the activity by presenting a set of questions about how sample statistics
may vary. At that point students will be divided into either pairs or small groups and the teacher will pass
out the Activity Worksheet. The main driving question of interest for the activity is:
How can we describe how the percentage of candies that are blue varies from one bag of M&Ms to
another?
Students will be asked to explore this question and formulate sub questions about the percentage of blue
M&Ms. They will be referred back to the concepts of population, population parameter, sample and
sample statistic to be used in their question formulation.
II. Design and Implement a Plan to Collect the Data
After formulating the question to be answered, students will be asked to consider how random sampling
could be used to explore the population parameter of interest (proportion of green M&M’S®). They will
then be given several bags of M&M’S® (about 300 total for the class) and asked how they could possibly
use them to help with their investigation. After students have discussed the possibilities, they will be
guided through an investigation with a series of questions on the activity sheet. They will first calculate
the proportion of blue M&M’S® in a single bag of M&M’S®. They will record the proportion on a postit note and the class will construct a dot plot on the board showing the sampling distribution of the
proportion of green M&M’S® in a single bag of M&M’S®. They will do this for all of the bags assigned
to their group.
III. Analyze the Data
At this point students will be performing an informal analysis of the data displayed on the class dot plot.
First, they will be asked to examine the dot plot and discuss the variability (e.g., range and standard
deviation) they see in the plot. More specifically, they will discuss the center, variability, and shape seen
in the dot plot.
IV. Interpret the Results
The interpretation of results should focus on the fact that the points on the dot plot are estimates of the
true percentage of blue M&Ms in a bag. It should be emphasized that typically one does not have
repeated samples, instead one has only one sample to relate to the population parameter. The main
discussion should focus around the variability in the estimates of the population parameter. Perhaps it
would be helpful here to answer common student questions in this interpretation. For example, what if
there is an “outlier” in the proportions from one bag? If the bag with the outlier was your one sample, it
would then be far from the parameter.
Assessment
1. Explain the difference between a population parameter and a sample statistic.
2. There are six different colors of milk chocolate M&M’S® produced by Mars, Incorporated. The
company claims that the proportion of each color in the total population of M&M’S® has not
changed over time. Suppose you bought a bag of M&M’S® produced by Mars Incorporated and
found that 12% of the bag was a certain specified color. Describe an activity that would allow
you to estimate how far away your estimate of 12% might be from the population proportion of
that color M&M.
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Answers to Assessment
1. A statistic is computed from the observations in a sample, whereas a population parameter is a
quantity that describes the whole population. A population parameter is a constant value that
does not change, whereas a statistic will vary depending on the sample from which it was
calculated.
2. Answers will vary. Essential elements in the description would be:
a. A random sampling method using M&M’S® as originally packaged.
b. Sample sizes that are large enough to be representative of the total population of M&M’S®.
c. A sampling method that involves obtaining repeated samples of the same size.
d. A method of representing the sampling distribution of the proportion of red M&M’S®, such
as a dot plot or histogram.
e. Directions for performing an informal analysis of the sampling distribution displayed in the
dot plot or histogram.
Possible Extensions
1. After students understand the basic concept of a sampling distribution, they could design activities
with colored chips or decks of cards in which they develop a dot plot of the sampling distribution and
describe the shape, center, variation, and outliers.
2. In this lesson, students are introduced to the concept of the variability of a statistic and its relationship
to the variation of its sampling distribution. This is extended further by relating the size of the sample
to the variation of the sampling distribution as students are introduced to the concept that larger
samples lead to smaller variation. This can lead to the discussion of the fact that the size of the
population does not affect the spread of the sampling distribution as long as the population is
approximately 10 times or more than the sample.
3. The concept of a statistic as a biased or unbiased estimator may be introduced at this point. This
gives the opportunity to distinguish between biased/unbiased estimators and biased/unbiased
sampling methods, and to point out to students that when using a statistic to estimate a population
parameter, we are assuming that there are no sampling or nonsampling errors present.
References
1. Guidelines for Assessment and Instruction in Statistics Education (GAISE) Report, ASA, Franklin et
al., ASA, 2007 http://www.amstat.org/education/gaise/.
2. The Practice of Statistics, Fourth Edition by Starnes, Daren S., Yates, Daniel S., and
Moore, David S., 2012. W.H. Freeman and Company.
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Activity Sheet
Sampling Distributions with M&M’S®

Background:
A population parameter is a number that describes some characteristic of a given population, which, in
statistics, is the entire group of individuals about which we want information. The population parameter
is a constant value that does not change. Many times it is impractical or even impossible to calculate the
population parameter of interest, most commonly because populations are often composed of very large
numbers of individuals. When we cannot calculate the population parameter directly, we use a sample,
which is a part of the population from which we actually collect information. From the sample we
calculate a statistic, which is a number that describes the characteristic of the sample we are interested in.
A statistic will vary depending on the sample from which it was calculated.
How are a sample and the population related? We use information from a sample (a statistic) to draw
conclusions about a population parameter. We will be investigating how sample statistics vary
depending on the sample one takes in this activity.
Problem:
A bag of Milk Chocolate M&Ms contains six different colors of M&Ms. Some bags have a larger
proportion of colors than do other bags. This happens because at the packing plant, M&Ms are randomly
sorted into bags. As a result, each bag of M&Ms can be considered a random sample of candies from the
population of all M&Ms.
How can we describe how the percentage of candies that are blue varies from one bag of M&Ms to
another?
Your class will be divided into pairs or small groups to perform an investigation to answer the question
above.
1. Our class will get approximately 300 bags of M&Ms and we will compute the percentage of blue
M&Ms in each bag. Did every bag yield the same percentage of blue? How could you convince a high
school student that your answer is the correct percentage of blue M&Ms?

2. Do you think that almost all bags will yield a percentage that is within a range of 80% from the true
percentage of blue M&Ms produced?
That is, if you leave out a few bags with extreme values, will the difference between the remaining largest
percentage and the remaining smallest percentage be no more than 80%?
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Within a range of 60%?
Within a range of 50%?
Within a range of 40%?
Within a range of 30%?
Within a range of 20%?
Within a range of 10%?
Within a range of 5%?
Within a range of 1%?
Explain your answers.

3. Each of your M&M bags contains 56 M&Ms. Count the number of blue M&Ms in each of the bags
assigned to you and compute their percentage for each bag. Record the values here or on a spreadsheet.

4. How could you best display all of the percentages from the bags in your class? Why?

5. The distribution that you constructed is called a sampling distribution because it shows the distribution
of the value of a statistic in a sample. How would you summarize or describe this distribution? Please
address the shape, center, and variability in your summary.

6. Compare your sampling distribution to your answers in #2. Would you change your answer to #2
above? If so, how?
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7. Pick one of your bags. Based on the one bag you chose, what would be your best guess for the actual
percentage of blue M&Ms that Mars Inc. was creating? Explain your answer.

8. Would you expect your answer to #7 to change if you picked another bag? Why or why not?

9. What does the sampling distribution of the proportion of blues in a bag of M&Ms tell us about the
variation of the estimates?

	
  

7	
  

Answers to Activity Sheet
1. No, not every bag will have the same percentage because we would expect the percentage to vary. My
estimate would be correct because that is the only estimate I have of the percentage of blue M&Ms out of
all those created.
2. Yes, I believe that it would be quite rare to have a range of values bigger than 40%. Because there are
only limited about of M&Ms in a bag, if we had a range of values that was really large, then that means
that we would be getting a lot of bags that had either very little blue or almost all blue. That should not
happen very often since Mars Inc is randomly sorting the M&Ms into the bags.
3. Answers will vary.
4. The class would make a dot plot.
5. Answers will vary but shape, variability, and center should be addressed.
6. Answers will vary. Those that believed the range could be very large will change their answers.
7. Answers will vary. Students should give the statistic they find from their one bag.
8. Yes, as we saw above, the statistic varies from bag to bag. Therefore, if I chose a different bag, then
my best guess would be different and be the value of that statistic.
9. Answers will vary, but students should make a direct connection to the dot plot and their answer.
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