
Middle school students Jennifer and Lucas Harris’s 
200-acre family farm has grown traditional crops 
such as corn and wheat for four generations. The 
siblings are both interested in business and feel 
the farm could prosper if they added a few modern 
touches, like growing organic and exotic crops. 
Their parents are willing to try out these new ideas, 
and put Lucas and Jennifer in charge of ten acres to 
see how successful they are on a more limited scale.  

One of their first steps is to introduce 
themselves and their excellent produce to local 
chefs. They make a positive impression on  
celebrity chef Wunderbar, owner of Le Trend 
Magnifique, the hottest restaurant in town. “Your 
rutabagas are très magnifique!” he exclaimed.  
“I will place an order with you daily, so they are 
at the peak of freshness!”

Jennifer and Lucas receive good publicity 
from Wunderbar, but his orders are hard to predict.  
Jennifer created a table (below) to show the 
rutabagas he ordered each day for four weeks.

Middle school farmers Jennifer and Lucas Harris 
have a strong entrepreneurial spirit and want 
to update their operations by using modern 
business practices and technology. 

One of their early ventures is growing 
specialty baby arugula that is shipped fresh to 
customers. While Lucas sells locally, Jennifer has 
been experimenting with offering free shipping 
on Internet orders. She tested different minimum 
order amounts to qualify for free shipping.

After eight weeks, she isn’t sure whether  
her program is working. While setting up their 
stand at the farmers’ market, she shares her 
questions, as well as a table of sales data, with 
Priscilla, owner of the Jammin’ Jam Shack. 
Priscilla suggests that a scatterplot might be a 
good way to determine whether or not the free 
shipping program was working. 

More Rutabagas, Please! That’s a Lotta Lettuce!

1.  Prepare a line plot 
to display chef 
Wunderbar’s orders 
for the past 4 weeks.

2.  Use the line plot 
to calculate the 
median, mode, and 
range for the data.

1.   Create a scatterplot  
to display the data in 
the table.

2.  Is there a positive, 
negative, or no 
correlation between 
total baby arugula 
sales and the minimum 
purchase amount to 
receive free shipping? 
Explain your thinking.

3.   Which variable is 
independent and which 
is dependent? Explain 
your thinking.

WORK THE MATH
Use separate paper to show your work.

Minimum
Purchase 

to Receive  
Free Shipping

Total  
Baby 

Arugula
Sales

$50 $800

$75 $650

$100 $400

$30 $1,400

$25 $1,600

$40 $1,250

$0 $2,500

$60 $600

NOW TRy 
THiS:

Using the information in the above table 
and the line plot you prepared, explain 

why the mode would be much higher than 
the mean or median order.

Sunday Monday Tuesday Wednesday Thursday Friday Saturday

4 8 0 1 12 16 20

7 0 0 6 18 20 20

5 9 2 10 5 18 16

8 12 3 16 18 20 20

What do you think might 
happen if Jennifer and 
Lucas didn’t offer free 

shipping at all?

WORK THE MATH
Use separate paper to show your work.

Worksheet 1.1  ConstruCting and using Line PLots Worksheet 2.1  ConstruCting sCatterPLotsAdvanced Lesson: Expected Value

Pounds of Rutabagas Ordered by Chef Wunderbar

NOW TRy 
THiS:

standards aLignMent
•  High School: CCSS.Math 

.Content.HSS-MD.B.5b

•  Grades 9–12: NCTM Data 
Analysis and Probability 

ObjectiveS:
Advanced (beyond grade 8) 
math students will be able to:

•  Calculate and interpret 
expected value; and

•  Explore using the mean and deviation from it to draw 
conclusions.

Time Required: 40 minutes, plus additional time for worksheet

Materials: Worksheet 3.1 (inside) 

DiRectiONS:
1.  Pose the following problem to your class: A middle school 

volleyball team has 20 players. Four of the players are 5'4" 
(64") tall, four are 5'6"(66"), four are 5'8" (68"), three 
are 5'10"(70"), and five are 6'(72"). If the coach picked a 
player at random, how tall would you expect the player to be? 
Discuss possible solution methods with the class, including 
finding the mean by adding all the heights and dividing by 20.

2.  Indicate that an expected value calculation is another way 
to determine the solution. Explain that expected value is 
a calculation that predicts value by summing the values of 
all possible outcomes, with each outcome multiplied by the 
probability of its occurring. Demonstrate how to calculate the 
expected value of the height of a volleyball player picked at 
random. First, make a frequency table showing the number of 
times a specific height is represented on the team.

Height 64" 66" 68" 70" 72"

Frequency 4 4 4 3 5

 
3.  Then, show how to calculate expected value by writing the 

following on the board:

20%(64") = 12.8"

20%(66") = 13.2"

20%(68") = 13.6"

15%(70") = 10.5"

25%(72") = 18.0"

Total = 68.1" (Expected Value) 

First, divide the frequency of each height by the total number 
of players, resulting in a percentage (for example, 3 players at 
70" divided by 20 players = 3/20 = .15 = 15%). Then, multiply 
the result by each respective height represented on the team 
(for example, 15%(70") = 10.5". Finally, add the products 
together to find the expected value.

4.  Explain that the total equals the expected value of the height 
of a player picked at random. Further, explain how expected 
value is the predicted value of a future event, taking into 
account each possible outcome multiplied by its probability.

5.  Note that in this data set, the expected value is not the height 
of one specific individual on the team. Indicate that this is not 
uncommon with statistical measures, e.g., the mean or, in 
some cases, the median of a group of numbers. 

6.  Connect expected value to mean as follows with the following 
example: Consider the numbers 3, 3, 4, 5, 5. The mean is 4 [(3 
+ 3 + 4 + 5 + 5)/5]. Another way to think about this group is 
that 3 makes up 40% of the group (2/5), 4 makes up 20%, and 
5 makes up 40%. So:

 .4(3)  = 1.2

 .2(4)  = 0.8

 .4(5)  = 2.0

 Expected Value/Mean  = 4.0

7.   Give this problem to show the practical use of calculating 
expected value:

A town carnival includes a game of chance to benefit the local 
food bank. Each player pays $5 to spin a prize wheel. The 
wheel is divided into the following segments:

 50%:  No Prize

 25%:  $1 Prize

 20%:  $5 Prize

 5%:  $50 Prize

Ask: “Will the food bank make money on this game? [Yes, the  
expected value of each play to the charity is $1.25 or $5 –  
(50%(0) + .25($1) + .20($5) + .05($50)]. Write this calculation 
on the board and explain as necessary. Note that the expected 
value of the total profit for the evening for the food bank is 
$1.25 times the number of people who play the game.  

Note that on any one spin of the wheel, the charity will either 
win $5 or $4, break even, or lose $45. However, when the 
outcomes are weighted by the probability of their occurrence, 
the result is an expected profit of $1.25. The food bank is 
counting on many people playing the game so that, in total, 
the actual outcomes of the spins approach their theoretical 
probabilities.

For more information about theoretical versus experimental 
probability, see: www.actuarialfoundation.org/
probabilitychallenge/lab.

8.  Distribute Worksheet 3.1 to students, then review answers 
with class. 

ExTENSiON: For those students with sufficient background knowledge 
and a strong passion for mathematics needing an additional 
challenge in advanced topics like standard deviation, direct them 
to the self-study program at: www.actuarialfoundation.org/pdf/
Probstat_SG_2012.pdf, beginning on page 24.

you Say Tomato!
Middle school students Jennifer and Lucas 
Harris would like to devote some acreage 
from their thriving new vegetable business 
to heirloom tomatoes, which they’ve noticed 
are big sellers at the farmers’ market. “There 
are some juicy varieties that look great 
and taste even better!” exclaimed Lucas. 
“But with all those varieties, how will we 
decide which seeds to invest in?” Jennifer 
wondered. 

Jennifer and Lucas met with Raymond 
“Red” Vines, the local representative of the 
Herbivore Seed Company. “Well,” said Red, 
“I can’t predict which tomato variety will 
give the biggest yield in the future, but I can 
show you data on how my customers have 
done over the past four years with my two 
best-selling seeds.” 

Use separate paper to show your work.

ADvANCeD WorkSHeeT: exPeCted vaLue

1.   Prepare a frequency table for each variety of tomato. 

2.  Calculate the expected value for each variety.

3.   How risky do you think it is for Jennifer and Lucas to rely on 
Red’s data?

Tomato Variety year Farm 1 Farm 2 Farm 3 Farm 4 Farm 5

Red Ready 2009 19 15 11 14 20

2010 16 18 16 16 16

2011 10 19 11 12 16

2012 14 12 20 16 18

Crimson Champ 2009 26 0 12 20 17

2010 0 14 10 26 28

2011 30 28 16 17 26

2012 10 16 17 10 17

Tomato Seed yield (Tons per Acre) What would you advise 
Jennifer and Lucas to do 
about the tomatoes? Hint: 
Be sure to consider not 
only the expected value of 
each variety but also how 
risky the yield for each 
variety is. If the yield can 
deviate (vary) widely from 
the mean, the poor yield 
in some years could be a 
financial disaster. 

If you would like to learn  
more about the topic of  
variance from the mean,  
including standard 
deviation, visit www 
.actuarialfoundation.org/
pdf/Probstat_SG_2012 
.pdf, beginning on page 24.

WORK THE MATH
Use separate paper to show your work.

NOW TRy 
THiS:

For Online Materials, visit: www.actuarialfoundation.org/cultivatingdata



One innovation the siblings are eager to  
try is selling their premium organic 
vegetables door-to-door to the chefs at 
different local restaurants. “If we visit the 
chefs in person and show them the quality  
we offer, I’ll bet they would love to buy from 
us,” remarked Lucas.

After ten days of going from The Haggis 
Hut to Yummy Yvonne’s to The Hefty Heifer, 
Lucas wondered if his hard work had been 
worth it. He kept track of his hours and sales 
in a table, but wasn’t sure whether or not 
there was a relationship between the two.

Pounding the Pavement!

1.  Prepare a scatterplot displaying the hours Lucas worked 
and the sales he made.

2.  Is there a positive, negative, or no correlation between 
the number of hours worked and sales made? Explain 
your thinking.

WORK THE MATH
Use separate paper to show your work.

NOW TRy 
THis:

Are any of the points on the 
scatterplot you prepared 

outliers? Explain your 
thinking. Considering the 
real world of restaurants, 
can you think of a reason 
why these points didn’t 

follow the same pattern as 
the other points on the plot?

Hours Worked sales

4 $575

7 $825

2 $660

8 $450

9 $925

8 $950

6 $700

1 $125

3 $350

4 $500

Worksheet 2.2  ConstruCting sCatterplots/identifying outliers



WORK THE MATH NOW TRy 
THis:

After a successful first year, Jennifer and Lucas 
were planning their business pitch to convince 
their parents to let them manage more farm acres 
next year. “If we did this well with ten acres this 
year, imagine how much better we’ll do if Mom and 
Dad let us manage additional acreage next year!” 
exclaimed Jennifer. 

“I’d like to see us getting into organic 
soybeans,” offered Lucas. “I’ve been in touch  
with Tofu Express, the healthy fast-food chain. 
They’re impressed with the quality of our produce, 
and they’ve told me they would buy our entire 
crop of edamame soybeans if we grew them. Our 
only problem is that we would need to increase our 
yield [the amount of a crop per acre] to meet their 
needs. I’ve seen a study that shows how irrigation 
increases organic soybean yield.”

To convince their parents, Jennifer and Lucas 
knew that a data table wouldn’t do the trick. They 
would need a more compelling display to prove 
their point. 

The Future of Our Farm

Do you think the line 
of best fit could be 
used to predict the 
effect of applying 

20 inches of water? 
What about 50 

inches of water?

Data on Organic soybean yield

Water Applied  
in inches

soybean yield
per Acre

1 41

2 43

4 44

6 46

8 47

9 48

10 49

1.   Prepare a scatterplot 
displaying the data  
on irrigation and 
organic soybean  
crop yield. Do you 
think there is a 
correlation between 
the two variables?

2.  Prepare a line of  
best fit.

3.  Use the line of best 
fit to predict organic 
soybean yield with 
3 inches of water 
applied. Then predict 
the yield with 7 inches 
of water applied.

Worksheet 2.3  Drawing a Line of Best fit

Use separate paper to show your work.


