Ohio Performance Assessment Pilot Project

2009-10 Pilot Draft Rubric
Open for Business
The core elements of performance required by this task are:
Modeling a supply and demand situation to maximize profits. Using tables and graphs to find a
maximum value. Using proportional reasoning and generalization.
Based on these, credit for specific aspects of performance should be assigned as follows

1.

2.

3.

4.

Rubric
points

Mathematics of the Task
Determines the linear relationship of demand and price for Laptop, Xbox and Ipod.
Laptop: q = (-3/50)p + 69
Xbox: q = (-12/25)p + 185
Ipod: q = (-8/25)p + 99
Stereo: q =(-14/19)p +132
Calculator: q = (-14/10)p + 150
Partial Credit: 1 to 4 errors
Partial Credit: 3 slopes correct

(3)
(1)

Finds the optimum number, selling price & maximum profit for Laptop, Xbox & Ipod.
Item
Optimum No. Sold
Selling Price
Maximum Profit
Laptop
13
$933
$2,592
Xbox
30
$323
$1,810
Ipod
24
$234
$1,797

3x1
3x1
3x1

5

Shows that the Stereo and Calculator will produce smaller profits.

1

Determines she can sell 13 laptops, 30 XBoxes and 8 iPods to raise $5,000
Mathematical Reasoning
Derives a linear relationship between demand and price. (q = mp+b)
Partial Credit: correctly derives the slope.

2

1

The profit made by selling different items once the demand for those items is modeled
appropriately and costs are subtracted (quadratic equation or polynomial relationship).

2

The amount Malena earns by selling products at different prices, accounting for the
percentage taken by eBay (accept earning equation or eBay overhead expression).

2

Construct graphs of the earnings function

2

Interprets optimum number sold as a whole number

1
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17

2
(1)

Uses the relationship that revenue equals demand times price (r=qp).

Reasons how to optimize earnings to raise $5,000
Approach
Maximizing Equation method: Finds an equation that maximizes earnings. Uses a method
(perhaps derivative or vertex of the parabola) to determine the maximum.
Partial Credit
Graph method: Determine relationship of price to earnings taking into account the demand,
revenue and cost. Creates a graph to estimate the maximum earnings. (trace function)
Table, spreadsheet or a repeated calculation method
Errors: Uses either approach but misses a significant step or steps in the process.
Communication
Clear explanation of the process
Shows table(s)
Shows correct profit or earning equation(s)
Shows graph(s) to illustrate earnings
Summary explanation
Partial credit: maximum earnings that sum close to $5,000 or maximum of top 3
Total Points

section
points

1ft

11

5

(4)
(3)
(2)
2
1
1
1
2
(1)ft

5

7
40

Ohio Performance Assessment Pilot Project

Equating Analytical Point Scor ing Rubr ic to Holistic Gener al Rubr ic

Open for Business
Dimension

Total Points Available
5 points is the total

Appr oach

•

All 5 pts fr om par t 3

17 points is the total

Mathematics

•

All 17 pts fr om par t 1

11 points is the total

Mathematical
Reasoning

•

All 11 pts fr om par t 2

7 points is the total

Communications

•

All 7 pts fr om par t 4

©2010 Stanford University & the Ohio Department of Education

Equating Points to
Performance Level
Per f. Level
Level 1
Level 2
Level 3
Level 4
Per f. Level
Level 1
Level 2
Level 3
Level 4
Per f. Level
Level 1
Level 2
Level 3
Level 4
Per f. Level
Level 1
Level 2
Level 3
Level 4

Points
0
2-3
4
5
Points
0-4
5 - 11
12 - 15
16 - 17
Points
0-3
4-7
8-9
10 - 11
Points
0-2
3-4
5
6-7

Open for Business
Malena is a student who wants to raise $5,000
to tour South America next summer. To raise the
money, she decides to open her own business
on eBay.
The owner of an electronics shop offers to sell
Malena some of his products at the wholesale
price. She needs to decide which items to sell
and how to price those items in order to
maximize her profit.
She does some market research and finds the
information provided in the table below about
some of the items she is considering selling. Her research results include the cost to
buy these items from the wholesale supplier, the retail price at which different items
were sold at different times, and the number of items sold at these different prices
during the month.

Item

Wholesale
Price

Jan. Price

Number Sold

March Price

Number Sold

iPod

150

225

27

200

35

X-Box 360

250

300

41

275

53

Laptop

700

900

15

950

12

Stereo

125

150

21

131

35

Calculator

65

85

31

75

45

Malena also does some research on eBay. She learns that on each item sold, eBay will
charge her 8.75% of the initial $25 of the selling price, plus 3.50% of the remaining
selling price.
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2

Task Description
Your task is to help Malena decide which items to sell and how to price them to
maximize her profit.
Decide which of the items from the table above will be sold, and what their retail prices
will be. Be sure to find the prices that maximize Malena’s profit.
She wants to sell some combination of items, and she wants to reach her goal of $5000
profit within a month, and as efficiently as she can.
Prepare graphs, equations, and a detailed explanation of the calculations you performed
to find each price.
Be clear about how you found the price that maximizes profit for each item, and
identify how many of each item Malena needs to sell in order to reach her profit goal of
$5000.

Helpful Guidelines
You may assume that all shipping costs will be paid by Malena’s customers.
On each type of item, Malena’s profit will be the difference between the total revenue
(amount received from retail sales of that item) and total cost (amount paid to the
wholesale supplier and to eBay). In other words, Profit = Revenue – Cost.
You may also assume that the demand for an item is equal to the number of that item
sold.
The demand for an item is related to the price of the item, and you may assume this
relation is linear.
A linear demand function has the form q = mp + b, where q is the demand (quantity of
items sold) and p is the price per item.

Internet Resources
An explanation of linear demand functions is available at

http://www.zweigmedia.com/RealWorld/tutorialsf0/frames1_4B.html

An explanation of the relationships among profit, revenue, and cost is available at

http://www.zweigmedia.com/RealWorld/tutorialsf0/frames1_4.html

An example of a “revenue problem” is available at

http://www.uncwil.edu/courses/mat111hb/Izs/linear/linear.html - sec3

© 2009 Stanford University School Redesign Network and The Ohio Department of Education
NOT TO BE SHARED OR DISTRIBUTED OUTSIDE OF PILOT SITES

Notes on this Task
Mathematical Themes & Practices
Themes:

Supply and demand
The context for this task immerses students in the mathematics of supply and demand.
Accordingly, the work involves relating demand, revenue, profit, and price. Students
learn about how to model the relationships among these quantities using the internet
resources provided for this purpose.
Demand is assumed to be equal to the number of a particular item sold, and is
represented by q in this discussion. Revenue is given by the equation R = pq, where p
is the price of the item and q is the demand. Demand, assuming it is linear as specified
in the task, is given by the equation q = mp + b, where m and b can be determined by
using the numbers of items sold at different prices.

Using tables and graphs to find a maximum value
There are several approaches to finding the price that will maximize Malena’s profits.
Using tables and graphing the equations are two good approaches. Both approaches
provide important opportunities for self-correction of errors along the way during the
procedures described above. Graphing is especially useful for answering the larger
question of the task about what products she should sell because graphs allow for more
direct visual comparison among the outcomes for different products.
Finding the p-value that maximizes profit, P, can also be done using Calculus by taking
the derivative of the equation for profit. Another approach (equivalent to taking the
derivative in this case) is to use the parameters of the quadratic equation for profits to
−b
, which is the p-value that maximizes P.
identify
2a
Each of these alternatives serves as a way of checking the conclusions drawn from work
done with tables and graphs, but should not be used to the exclusion of tables and
graphs. Note that the task specifies that graphs are required to provide a deeper
glimpse into the mathematical behavior of the quantities in this situation.

Mathematical modeling
In modeling the relationships among quantities in this task, students are identifying the
numbers of items that are likely to sell at certain prices, according to a linear demand
equation. This task requires developing models for at least two aspects of the situation
in this task:
•

The demand for different products in order to identify the profits that are
possible for each (a linear equation).
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•

The profit Malena makes by selling products at different prices, accounting
for the demand at that price, and accounting for the percentage taken by
eBay (a quadratic equation).

Using these equations to model quantitative relationships is essential to the decisionmaking process about which products should be sold, and for how much, in order for
Malena to earn $5000 within the first month.
Common Core Mathematical Practices:
1. Make sense of problems and persevere in solving them.
3. Construct viable arguments and critique the reasoning of others.
4. Model with mathematics.
5. Use appropriate tools strategically.
8. Look for and express regularity in repeated reasoning.
Suggestions for Teaching
When introducing this task, begin with a discussion of the relationship between price
and demand, highlighting the assumption that the relationship is linear. Use one item
and various prices to develop a consensus that as the price goes up the demand for an
item will go down. Plot the two data points for that item, and use a dotted line to
illustrate the assumption that the demand function is linear. Note that the slope of the
demand function is negative.
You need not remind students (as a whole class) how to find the equation of a line.
Instead, let them get started and provide individual help to students who get stuck.
Students may have trouble computing the slope of the demand equation and may
compute the reciprocal of the desired slope. Because we are describing how demand
depends upon price, the difference in q-values is on top and the difference in p-values
is on the bottom. But correcting students before they have an opportunity to discover
such an error would cut this learning process short.
To develop the equation Profit = Revenue – Cost, ask the class how Marlena will
calculate her profit for an item. Also give students an opportunity to decide that
Revenue = pq (price times quantity).
Encourage students to use graphing calculators or spreadsheets for the computations.
With these technologies, it is not necessary to simplify the expressions and equations.
It is sufficient to use a graphing calculator or a spreadsheet to find the maximum profit
for an item.
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Keep in mind that the demand function is an approximation. Therefore, exact answers
are not important. The demand quantities should be whole numbers, of course, so
some rounding or truncation will be necessary.
Encourage students to collaborate on this challenging task, to check both their thinking
and their calculations. When first introducing the task, consider devoting an entire class
period to working both individually and collaboratively.
Sketch of Solution
For each item, the process is as follows: construct the demand equation, use the
demand equation to express the profit in terms of the price, and then find the price that
maximizes the profit.
Beginning with laptops, 15 were sold at a price of $900 and 12 were sold at a price of
$950. The slope of the demand for laptops is computed as follows:
12 −15
3
=−
= −0.06
950 − 900
50

Thus, q = −0.06p + b . To find the intercept, substitute the values 15 and $900:
15 = −0.06(900) + b = −54 + b

b = 69
So the demand equation is q = −0.06 p + 69 . Then revenue is given by R = pq .
Malena’s costs depend on both the whole-sale price and the percentage taken by eBay.
Because the price of the laptop is above $25, the eBay charge, c, is given by

c = [(0.0875)(25) + (0.035)( p − 25)]
= (0.035 p + 1.3125)
Then profit, P, which equals revenue minus total cost, is given by:

P = pq − 700q - (0.035 p + 1.3125)q
= [p − 700 - (0.035 p + 1.3125)]q
= [p − 700 - (0.035 p + 1.3125)](− 0.06 p + 69 )
where P (profit), and q (demand), are given in terms of p (price) in the equations
above.
Performing the necessary substitutions to express Malena’s profits exclusively in terms
of p requires both attention and persistence. With these substitutions, her profits can
be expressed as:

P = [p − 700 - (0.035 p + 1.3125)](− 0.06 p + 69 )
= −0.0579 p 2 + 108.664 p − 48,390.6
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Using a spreadsheet and the profit formula, here are the projected profits at various
prices:
Price

Demand

Profit

900

15

$ 2,508.00

910

14.4

$ 2,546.65

920

13.8

$ 2,573.72

930

13.2

$ 2,589.21

940

12.6

$ 2,593.12

950

12

$ 2,585.45

960

11.4

$ 2,566.20

The maximum appears to occur at a price between $930 and $940. Looking more
closely, here are the project profits between those prices:
Price

Demand

Profit

931

13.14

$ 2,590.12

932

13.08

$ 2,590.92

933

13.02

$ 2,591.60

934

12.96

$ 2,592.16

935

12.9

$ 2,592.61

936

12.84

$ 2,592.95

937

12.78

$ 2,593.16

938

12.72

$ 2,593.26

939

12.66

$ 2,593.25

The price that will maximize profits on laptops is approximately $938, but the price that
most closely gives an integer demand value is $933. The table below summarizes the
results:
Price

Demand

Revenue

Wholesale
Costs

e-Bay
fees

Profit

q = -0.32p + 99

$234

24

$5,625

$3,600

$228

$1,797

q = -0.48p + 185
q =-.06p + 69
q = 0.737p + 131.53
q = -1.4p + 150

$323

30

$9,688

$7,500

$378

$1,809

$933

13

$12,133

$9,100

$442

$2,592

$154

18

$2,773

$2,250

$121

$403

$88

27

$2,372

$1,755

$118

$499

Item

Demand Equation

iPod
X-Box
360
Laptop
Stereo
Calculator

As can be seen in the table, laptops are the most profitable item, followed by XBoxs
and iPods. To raise the $5,000 necessary she can sell 13 laptops, 30 XBoxes and 8
iPods.
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OPEN FOR BUSINESS
Student Sample

