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Course Description: 
  
This Lesson Study is intended for a general education course aimed at promoting the use and understanding of 
statistics for nonscience/nonmath students. A central learning outcome is for students to think critically about 
consuming information in terms of data collection, graphical summaries and other statistical tools. In particular, 
each student should be able to apply basic statistical techniques to draw inferences and evaluate claims by the 
end of the course. 
 
The students enrolled in the course are varied in both their interest and mathematical backgrounds.  Many 
students take the course only to fulfill an education requirement in mathematics. Other students rely on this 
course to provide a statistical background needed in future work across various programs of study. 
 
Executive Summary:  
 
In this activity, we hope to help students differentiate and explain three statistical terms at the heart of statistical 
inference: the mean of a population, the mean of a sample of observations, and the mean of the sample means. 
 
Past experience indicates that term ``mean" can be very confusing for students in an Elementary Statistics 
class, especially when the same word choice may be applied in all three situations above, with different 
meanings in each case.  Understanding the differences, as well as the connection, between the three types of 
means above is important for the most basic hypothesis tests in statistics:  testing if the population mean equals 
a certain value by looking at just one random sample. The idea that data from a small sample can be used to 
estimate the mean of an entire population, which cannot be obtained directly, is critical to statistical applications 
in many, many fields.  
 
The specific learning goals of the lesson are as follows:   

Students will practice applying statistical techniques to data collected from samples. 
Students will see and explain sample variability and how sample size decreases the variability of 

sample means. 
Students will see graphically that the ``typical/central/mean/expected" value of a sample mean is the 

same as the population mean. 
 
In this lesson students will take random samples of different sizes and calculate their averages.  They will then 
put their averages on Post-It notes and place them in the correct spot on the chalkboard to make histograms 
that will represent the sampling distributions.  By comparing their sample means, the mean of the histogram 
(the mean of all the samples), and the population mean (which will be revealed at the right moment), they will 
hopefully get a fuller appreciation of the three different uses of the word ``mean’’. 
 
The activity was successful in several ways.  Students enjoyed the short exercise in drawing random samples 
and were surprised by some of the sample means obtained.  As the histograms were formed, they saw clearly 
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how the variability decreased as sample size increased.  Finally, they got to see how most sample means gave 
close approximations to the true population mean. 
 
 

PART II: THE LESSON 
How to Teach the Lesson 

 
The variable for this lesson was the height of students with the population being 225 Statistics students. Before 
the lesson, the heights (recorded in inches) of students were collected through a survey distributed to students 
in our courses.  Before the class begin, the instructor computed the mean of the population, along with 20 
sample means from the height measurements for each of the following sample sizes, n = 5,10, and 20.   These 
20 sample means, together with the 40 means the students obtain in the lesson, gave a reasonable 
approximation to the sampling distribution.  The approximate center of these 60 measurements will be 
compared to the true population mean (which the instructor calculated ahead of time). 
 
For the activity, the 225 height measurements were put in a 15 by 15 table, with rows and columns labeled `1' 
through '15', and this table was given to the students. (See appendix.)  For the lesson, the 40 students were 
arranged in pairs, and each group was provided a paper bag containing 15 chips labeled 1 through 15.  
Students then randomly selected a height measurement by shaking the bag and drawing one chip for the row 
number, returning the chip and randomly drawing a second chip for the column number. The row and column 
numbers identified one height observation in the table. (The random samples could be drawn using a table of 
random numbers also.) Each group created two samples of each sample size, n = 5, 10, and 20 and calculated 
the means. 
 
While the students were doing this, the instructor prepared one histogram for each sample size on the 
blackboard, marking out ranges that cover the possible values of the sample mean.  The 20 means already 
calculated by the instructor were written on post-it notes and put in the correct place on the histogram. As the 
students finished computing their sample means, each group went to the black board and added their post-its to 
the histograms.   While this was going on, students answered questions on a worksheet. (See appendix.)  
Questions included applications of vocabulary:  What is the population?  What is the sample statistic? Guess 
the population mean.  Once the histograms were completed and the true population mean revealed, students 
were asked to continue with the worksheet:  How close does the center of the histogram (the typical value of the 
sample mean) lie to the population mean? Does the typical value/mean of the sample mean appear to be close 
to the population mean? How close were your sample means to these values? What happens to the "spread" of 
the sample mean values as the sample size n increases? What conclusions can you draw from this experiment 
about using samples and statistics to estimate population parameters?” 
 
With five minutes left, the instructor brought the students back together to discuss their responses to the above 
questions.  In particular, the instructor emphasized that, even though there is variability in the sample mean, the 
typical or expected value of the sample mean is always equal to the mean of the population for any sample 
size. In addition, the spread or variation in the sample mean decreases as the sample size increases, and the 
shape of the histogram becomes more normal. If time and technology allow, examples of histograms computed 
from 10,000 sample means (instead of 60) of each of the various sizes would be displayed to show how the 
histograms would appear if the sampling process could be repeated a large number of times.  
 
 
 
Student Learning Goals 
 
It only takes one semester of teaching this course to know that the using the word ``mean’’ in three different 
contexts—as the mean of a population, the mean of one sample, and (the killer) the mean of the sampling 
distribution of the sample mean—is difficult for students to keep straight.  The first two aren’t actually too bad, 
but the concept of a sampling distribution and its relationship to the population is a little tricky.  The goal of the 
lesson was to provide a concrete example that we could refer to throughout the semester to help these terms 
and concepts make sense to the students.  There were three primary learning goals, and the activity was 
tailored to address each goal.  
 



The first goal was to have students practice applying statistical techniques to collect sample data.  While getting 
``good’’ data the most important part of any statistical project, the methodology of data collecting is not the 
primary objective of this course.  The necessity of ``random’’ samples is discussed but this is the only project 
where students actually apply the theory.  This goal is not conceptual nor technically difficult, but it is an 
important activity for the students to experience. 
 
The second goal is related to the first.  We wanted students to see and explain sample variability.  Of course 
students know that when two different sets of 5 people are sampled, they will most likely get a different average 
height, but to see through experience what these different means might be gives students a more concrete 
belief in sample variability.  By using samples of different sizes, students will see how increasing the sample 
size decreases the variability of sample means. 
 
The final goal is for students to see that the ``typical/central/mean/expected" value of a sample mean is the 
same as the population mean.  The students have been told that the mean of the sampling distribution of the 
sample mean is equal to the population mean, but that sentence is difficult for students to parse.  Through the 
activity, students will see the histogram (the sampling distribution of sample means) grow in front of them as 
they add their individual sample means and will see how all three histograms have approximately the same 
center and that this center is the same as the population mean.  Thus, all three means are shown in the 
histograms they create on the chalkboard. 
 
 
 

PART III: THE STUDY 
 
Approach 
 
The study was designed after several meetings between the instructors.  We picked a topic that we knew was a 
sticking point for many students and fleshed out an activity to address the learning goals.  When the lesson was 
ready, it was tested in Dr. Nordman’s class with Drs. Elfessi and Hulett observing.  After the classroom trial, the 
instructors discussed what had worked and what needed addressing.  A modified version of the activity was 
tested the following semester in Dr. Hulett’s class, after which the observing instructors (Elfessi and Dr. Jeff 
Baggett) held a final summarizing meeting. 
 
Findings and Discussion 
 
Evidence of student learning from the activity came from the worksheet completed by the students during the 
class period.  The worksheet was designed to give students the opportunity to predict what they would find, 
while guiding them to the main points of the lesson. Observers to the lesson (the members of the lesson study 
project) also provided anecdotal evidence from listening to the students’ discussions about the activity. 
Observers had a protocol to guide them as they listened and they filled out a short form afterwards.  (See 
appendix.)  
 
We found the activity to be successful over all.  It was a bit long the first time through, but using random number 
tables instead of physically drawing chips from a bag on the second trial of the project, shortened the time 
needed on this mechanical part of the activity.  (The random number table was not as entertaining for the 
students, however.)  Also dropped on the second trial were the computer simulations of sampling distributions 
using large (n = 1000, 10,000) samples. 
 
The major goals of the project were accomplished.  In subsequent lectures, both the instructors and the 
students referred back to  “individual post it notes” (i.e., the mean of one sample) and the center of the 
histogram (the mean of the sampling distribution).  Being able to visualize these images helped the students 
remember and understand the terms. 
 
For some individuals, there were smaller lessons learned as a byproduct.  For example, some students needed 
guidance on where to put their sample mean on the chalkboard.  In one case, during the class discussion, a 
student realized she had misplaced one mean and, by correcting one “outlier”, she filled in a gap to make the 
histogram look perfectly normal.  During the sampling stage, students seemed to enjoy, and be surprised by, 



the strings of repeated numbers they obtained even after thorough shaking of the chips.  There was a nice 
lesson in the difference between “random” and “nicely spaced” that we hadn’t anticipated. 
 
The biggest improvement to the activity would be to provide more focus for the questions on the worksheet.  It 
seems especially difficult in math to ask open-ended questions because students are so programmed to get 
one number as the answer to any math question.  Our worksheet had a couple of questions that were too vague 
to get good responses.  When we asked “How close is your sample mean to the population mean?”,  students 
responded with “pretty close”, with no follow-up.  It might help to first ask them to discuss the spread (or 
standard deviation) of the histograms and then ask them how far their mean was from the population mean in 
terms of the standard deviation. 
 
While part of the vagueness of student responses is due to students’ preconceived notion of what is an 
acceptable answer in a math class, part was determined to be due to a general lack of vocabulary on the 
students’ part.  Observers noticed a wide range in the language used between different groups.  Many students 
lacked the statistical vocabulary to adequately describe what they were seeing or thinking.  This is a common 
problem that warrants further attention.  Even though we, as instructors, use this mathematical language every 
day in the class, students don’t always understand our precise and technical usage of certain words.   Of course 
the instruction would be more meaningful if the students had a better grasp of the vocabulary.  We believe 
having more projects that required students to discuss work in class would help improve their language skills. 
  
In a course that is primarily lecture/homework driven, the class activity was a good experience for the students.  
As in all group activities, finding the right pace was difficult.  Some students finished early and used the 
opportunity more for socializing than looking for deeper insights.  Others were slow, from lack of focus or lack of 
competence at the technical drill of drawing samples and finding averages.  But for most students, this activity 
fit well in a 55-minute class. To some extent, the final histograms were a less of an “aha” moment and more of 
an “oh, that’s obvious” moment.  Yet, the same ideas presented in symbols and words the day before had been 
far from obvious.  In some ways, that is the correct response—to see that the notions are not so impossible to 
understand, even if they are (literally) written in Greek! This lesson study project definitely helped clarify the 
three different means that are so crucial to the topic of statistics. 
 
 
 
 



 

APPENDIX 
 

 
Table of Height (in inches)  

 
Selecting an observation from a table: 

 

1. Randomly draw a single slip of paper from a bag.  Record the number.  This number tells 

which row to pick your observation from. 

 

2. Put the slip of paper back in the bag. 

 

3. Randomly draw a single slip of paper again.  Record the number.  This number tells which 

column to pick your observation from. 

 

4. Record the height corresponding to this row and column. 

 

5. Repeat for next observation. 
 
 
 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1 64 70 73 74 70 65 66 59 70 66 68 68 67 66 69 

2 66 64 63 66 73 68 66 76 66 64 75 66 64 69 63 

3 63 73 65 72 68 72 64 73 64 64 64 66 66 64 62 

4 67 72 65 66 68 71 64 68 70 69 73 64 73 71 74 

5 74 64 64 64 70 70 68 68 71 73 64 72 72 59 67 

6 67 64 73 71 69 70 65 74 64 62 64 62 72 64 65 

7 68 71 62 68 72 62 68 68 68 68 75 68 70 62 72 

8 71 77 68 63 69 69 68 65 70 70 72 67 66 72 74 

9 76 72 74 72 76 63 67 77 72 65 70 66 65 60 61 

10 68 73 66 66 69 68 68 72 69 71 67 65 67 66 60 

11 68 72 66 63 67 65 61 69 66 67 60 63 68 64 74 

12 67 69 64 61 72 64 66 73 72 74 70 68 73 66 65 

13 64 63 70 74 67 63 71 75 66 72 70 66 67 71 64 

14 65 67 68 66 77 72 65 73 71 69 75 68 72 64 67 

15 66 68 71 74 73 77 66 66 62 71 72 67 67 70 62 



MTH 145          Sampling Distribution Student Worksheet              Name _______________ 
 

 
Draw random samples of size 5, 10, and 20 from the table of heights given (you may accumulate observations), 
and record the random observation’s number and height.  After you’ve found 5 samples, compute the mean of 
your samples.  Repeat after you’ve found 10 and after you’ve found 20.  Then do it again so you’ll have two 
samples means for each sample size of 5, 10, and 20. 
            
Please add your sample means to the appropriate frequency count in the histograms on the board. These 
histograms approximate the probability distribution of the sample means by showing some of the values of 
sample means that can occur and how often they occurred in our 60 trials.  Use these histograms to answer the 
following questions about the distribution of the sample means. 
 
                          Person 1                 Person 2 
(Person 1 is given as an example.) 
 

 
Unit Random Observation Height 

1   

2   

3   

4   

5   

  xi =                                    x  = 

6   

7   

8   

9   

10   

  xi =                                    x  = 

11   

12   

13   

14   

15   

16   

17   

18   

19   

20   

  xi =                                    x  = 

Unit Random Observation Height 

1 15, 6 65 

2 7,9 67 

3 10,6 68 

4 5,12 72 

5 7,14 65 

  xi =   337                  x  =337/5=67.4 

6 6,7 62 

7 13,4 73 

8 10,2 64 

9 15,15 62 

10 3,13 70 

  xi =   668                x  =668/10=66.8 

11 2,3 73 

12 14,9 60 

13 1,13 64 

14 13,13 67 

15 8,1 59 

16 5,10 69 

17 6,13 63 

18 12,5 72 

19 1,4 67 

20 15,4 74 

  xi = 1336              x  =1336/20=66.8 



Questions and Conclusions: 

 

1. What is the population of interest? ________________What is the variable? __________________ 

 

2. When you look at the distribution of the sample mean (based on samples of size n = 5) displayed in the 

histogram, the center of the histogram represents a typical/central value of the sample mean. 

 

a. Approximately, where is the center of histogram? ______________________ 

 

The true mean of the population is actually   = 68.04. 

 

b. How close does the center of the histogram (the typical value of the sample mean) lie to the population 

mean?  Does the typical/central value of the sample mean appear to be close to the population mean? 

 

 

 

 

 

c. Approximately, where is the center of the histograms (the typical value of the sample mean of that 

given sample size) for the samples of size n = 10 and size n = 20.   
 

n = 10:        _____________________               n = 20:  ____________________________ 

 

Do these centers/typical values appear to be close to the population mean?  Can you see any pattern in the 

histograms as the sample size n increases? 

 

 

 

 

3a. In each histogram, what intervals contained the maximum and minimum values of the sample means?                            

Minimum                                   Maximum 

                 n = 5       

                n = 10     
 

                n = 20     
 

b. Can you say that all sample mean values were close to the typical value of the population (population 

mean)?  Explain your answer? 

 

 

 

 

c. What happens to the “spread” of the sample mean values as the sample size n increases? 

 

 

 

4.  What conclusions can you draw from this experiment about using samples and statistics to estimate 

population parameters? 

 

 

 



OBSERVATION GUIDELINES 
 
The purpose of having several instructors observe the class is to gather as much information about the process of 
the lesson as possible.  Your primary task is to observe how the students respond to the lesson and make some 
conclusions about how well the LESSON worked.  Please note behaviors of the students and the 
benefits/difficulties of the lesson. 
 
After you have observed the lesson, please answer the following questions. 

 
 
 

 Totally       Totally 
Disagree       Agree 

1. All members participated in the process.    
 1 2 3 4 5 6 7 

2. The group was able to stay on track with the 
lesson (i.e. did not derail, discussing irrelevant 
information) 

  
 1 2 3 4 5 6 7 

3. The group seemed comfortable with the 
technical processes of the lesson. 

 1 2 3 4 5 6 7 

4. The group seemed confident in using the 
language of statistics. 

  
 1 2 3 4 5 6 7 

5. The group seemed to understand the concept 
of sample mean. 

  
 1 2 3 4 5 6 7 

6. The group seemed to understand the    
            concept of a sampling distribution.  

 
    1 2 3 4 5 6 7 

7. The group seemed to understand  
what random results should look like.  

 1 2 3 4 5 6 7 

8. The group seemed to understand how the  
sample size affected the sampling distribution. 

    1 2 3 4 5 6 7 

 
 

9. Given your observations, what aspects of the lesson need to be changed?  How could the lesson be 
improved? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

10. What aspects of the lesson should remain the same?  What worked well? 

 

 


