
 
 

 
 

 
 
 
 
 
 

 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

     
 

  
  

   
    

 
    

    
      
         

  
 

 
  

    
      

      
 

 
 

 

  
         
       

          
 

    
     

     
       

 
   

    
  

   
 

   
   

 
    

   
      

    
 
 

A Dusty Dilemma  

Lesson Summary 
Students will be introduced to the concepts of error 
analysis, including standard deviation. They will 
apply the knowledge to two sets of data from SDC. 

Prior Knowledge and Skills 
•	 Familiarity with squares, summation 

notation and square root function 
•	 Knowledge of finding averages and means 

AAAS Science Benchmarks 
The Nature of Mathematics 
Mathematical Inquiry 
The Mathematical World 
Reasoning 
Habits of Mind 
Computation and Estimation 

NSES Science Standards 
Science as Inquiry 
Abilities Necessary to do Scientific Inquiry 
Understandings About Scientific Inquiry 

Teaching Time: 1 50-minute period(s) 

Materials 
Per student: 

•	 1 calculator 
•	 Colored pencils (optional) 

To share with class: 
•	 1 tape measure 
•	 White board or chalk board 
•	 2 contrasting colors of marker or chalk for 

the board 

Advanced Planning 
Preparation Time: ~20 minutes 

Gather materials and familiarize yourself with 
the SDC New Horizons website 
http://lasp.colorado.edu/sdc 



     
 

 
 

  
 

 
 

 
 
 

 
 

 
 

 

 
 

 
  

   
 

 

  
  
  
  

  
 

 
 

 

   

 
 

  
 

Educator Guide and Lesson Key 

In this activity, we explore the concepts of averages (means), standard 
deviation from the mean, and error analysis.  Students explore the concept of 
standard deviation from the mean before using the Student Dust Counter (SDC) 
data to determine the issues associated with taking data including error and 
noise. Questions are deliberately open-ended to encourage exploration. 

Time: 1 50-minute period 
Grade level: 8-10 
Group size: 1-2 

Materials 
Per student 
1 calculator 
Colored pencils (optional) 

To share with the class: 
1 tape measure 
White board or chalk board 
Several dry erase markers or pieces of chalk in 2 contrasting colors (i.e. red 
and blue) 

Prior Knowledge and Experience 
• Familiarity with squares, summation notation, and square root function 

• Knowledge of finding averages and means 

Skills Used 

• Interpreting data 
• Graphing data 
• Computing averages 
• Computing standard deviation 

Procedure 
1. Choose a marker or chalk color to represent the boys in the class, 

and a contrasting color to represent the girls in the class. 

2. Distribute the student handout. 

3. Draw a table on the board for the height of the boys and girls as 
shown on student handout. 

4. Draw 2 axes, one for a “Boy Plot” and another for a “Girl Plot” 
with height on the x-axis and “number of students” on the y-axis.  



 

 

 

 

 
 

 

 

 

 

 
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Label one “Boys” and the other, “Girls.” Color-code the plots to 
match the color chosen for each gender. 

5. In Part I, have each student write his or her height on the board 
under either the boy or girl column in inches, rounded to the 
nearest half inch.  Have a boy representative and a girl 
representative plot the heights v. number of students.  A scatter 
plot is preferable, but a bar chart could also be used.  Afterward, 
students will compute the average height of each gender, the 
deviation from the mean for each measurement, and the average 
and standard deviation for the entire class, as outlined on the 
student handout.  Draw a vertical line through the average value, 
and plus and minus the standard deviation for each plot.  Ask 
students what they notice about the distribution of students on 
the plots. Do all students fall within the standard deviation? 

6. In Part II, students will be given an SDC data set and will compute 
standard deviation based upon the data and will plot their results. 

References: 

Margaret A. McDowell, M.A., Fryar, C.D., Ogden, C.L., & Flegal, K.M. (2008, 
October 22). Anthropometric Reference Data for Children and Adults: United 
States, 2003–2006, National Health statistics report, 10.  Retrieved from: 
http://www.cdc.gov/nchs/data/nhsr/nhsr010.pdf 
Montgomery, D.C., & Runger, G.C. (1999). Applied Statistics and Probability 
for Engineers (2nd ed.), 1-9. New York:  John Wiley & Sons, Inc. 

For degrees of freedom description, the following website proved useful: 

http://onlinestatbook.com/chapter8/df.html 



 
   

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 

  
   

 

  
 

 

  
   

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

Educator Lesson Key
 

Part I 

I.I Include yourself in the data below. 

Results will vary. 

Number of girls in class today: 

Number of boys in class today: 

I.II  

Record your height in the appropriate column on the board. From the board, 
record the height of the students in your class below. 

Results will vary. 

Height of 
Boys 
(inches) 

Boy deviation 
from the mean 

(inches) 

Height of 
Girls 
(inches) 

Girl deviation 
from the mean 

(inches) 



 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I.III  

To find the average (or mean) height, write the equation below: 

Where x is the height and n is the number of students. 

MEAN GIRL HEIGHT (in class): 

Answers will vary. 

MEAN BOY HEIGHT (in class): 

Answers will vary. 

I.IV 

a. How does your height deviate from the mean height? Subtract the mean 
height from your height to get the difference. This is the deviation from the 
mean value. (NOTE: If the value is negative, it indicates you are shorter than 
the class average, and if it is positive, you are taller): 

Answers will vary. 

b. Record this number in the appropriate column next to your height on the 
board, and record all of the class’ values in your table. 

I.V 

What we want is the standard deviation. A standard deviation tells you how 
spread out the data is from the mean.  (For example, if the mean height for 
the girls is 62 inches (5’2”) the standard deviation might be something like 3 
inches. That tells you that most of the girls are within 3 inches of the mean 
height). 



 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

a. You could just take the average of the deviations from the mean you 
recorded in the table, but what happens when you add up the values from that 
column? Explain why you get this result: 

The answer will come out to be zero every time because the mean value is 
exactly in the center of all of the values.  It is the definition of average (or 
mean).  When you subtract the average value from the heights, you will 
always get an equal value above and below the average value. Accept a 
variety of reasonable answers. 

b. We don’t really care if the deviations are positive or negative. To fix this 
problem, we can square all of deviations from the mean, add those up, take 
the average of that, and then take the square root. That gives you the 
standard deviation. 

The equation looks like this: 

σ is the standard deviation, 


n is the number of measurements, 


xi is each measurement recorded (in our case, each of the heights)


 is the mean value of the measurements 

Compute the standard deviation using the equation above: 

Answers will depend on the heights in the class.  The answer should be 
reasonably small (within 5 inches) unless you have a large distribution of 
heights. The higher the value, the larger the class distribution is. 

Standard deviation for boys: 

Standard deviation for girls: 



 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

After the standard deviation has been computed, have two students (one 
male, one female) plot height on the x-axis and number of students on the y-
axis for each gender. Have them draw vertical lines representing the average, 
and two dotted lines representing the standard deviation around the average 
(see “Student Height in Class” plot). 

I.VI 

You might be wondering why we divide by n-1, instead of just n.  Aren’t we 
just taking an average of all the deviations from the mean? 

Try this: Compute the standard deviation for boys and then girls, but instead 
of using (n-1) in the denominator, just use n.  What happens and why? 

You will get a smaller standard deviation by using only n because you are 
dividing by a larger number in the denominator. 

I.VII 

We are estimating the standard deviation using the assumption that your class 
represents a typical class. We’ve sampled your class and now we want to use 
your class to estimate the average height of all students your age.  Do you 
know how many girls and boys your age are in your school and their heights? 
How about your city? What about your state? The whole country? The world? 
You probably don’t know these numbers. This makes it more complicated to 
find an exact value for standard deviation. 

Since we have estimated one thing in the equation, the mean value, we 
subtract the number of things estimated (remember, that’s one thing) from the 
number of measurements to give us something called degrees of freedom. The 
idea is that if someone tall walked into the room, they would be more likely to 
fall within the standard deviation you’ve calculated. Using n-1 in the 
denominator instead of just n gives us a better idea of the true standard 
deviation for everybody everywhere.  

From the plot on the board, what do you notice about the standard deviation 
lines? Does anyone fall above or below the lines? Explain the plot: 

View the plot: “Student Height in Class” 

This is an example of what a reasonable plot might look like.  The red line 
shows the mean value for height, the gray dotted lines show the standard 
deviation around the mean value, and the blue diamonds show student 
heights. The x-axis is height, and the y-axis is number of students at that 




























