My First Goat Farm
This lesson is intended to introduce students to properties of quadratic functions while in the context of a real-life application. This activity is heavily scaffolded, so it could be used with students who have very little exposure to quadratic functions. 
Guiding Principles
1. Active Learning: Students will work together to find a solution to a problem that requires them to seek out or select the information required, perform calculations, and evaluate their actions in the context of the problem.
2. Meaningful Applications: Students will work on an interesting application with perhaps multiple solution paths, where they will identify a mathematical function that models the situation.
3. Academic Success Skills: Students use intuition and perseverance to recognize that they can find solutions to real-life problems.
Prerequisites 
1. Students should be able to find the area of a rectangle.
2. Students should be able to write a function that relates area to side length.
3. Students should be familiar with the shape of a quadratic function. 
4. Students should be able to find the minimum/maximum value of a quadratic function. 
Materials
1. Each group will need the Goat Farm Student Page for calculations, making a table, and for drawing a graph. 
2. Each group will need either a calculator or a spreadsheet program. 
3. There is an optional worksheet “Quadratic Explorations: Finding the Vertex Using the Zeros” that may be used before finding the vertex of the parabola. 
Objectives
1. Students will be introduced to a real-life scenario for quadratic functions.
2. Students will write a quadratic function based on a set of given information. 
3. Students will deepen their understanding of the relationship between the zeros and the vertex of a quadratic.
4. Students will maximize the area of a rectangular region with a fixed perimeter.

Additional Note: We encourage teachers to use and modify this activity to suit the needs of your class.

Teachers Guide (~45 minutes) 
Place students into groups of 3 or 4.  
1. Slide 1: 
[image: A sign with a picture of a group of goats

Description automatically generated]
Cover Slide.  Each student should have the student page to take notes and do calculations.
2. Slide 2:  
[image: A white card with black text

Description automatically generated]
Sets the context of the problem.  
3. Slide 3: 
[image: A screen shot of a computer

Description automatically generated]
This shows students a diagram of the problem to help them form a visual context for the problem. Allow time for some discussion at this point. Ask students to find the length of the pen if its width is 100 feet. Then ask students to find the pen’s perimeter and area. Note: The lesson can be customized by changing the number of pens or the amount of fencing available.
4. Slide 4: 
[image: A screen shot of a math

Description automatically generated]





Ask the students to think about different ways they could accomplish increasing the area without buying more fencing.  Encourage them to record different widths and lengths with their resulting areas on their student page.  Students may wish to record the dimensions and the resulting area in a table format. This slide then asks them the central question: What dimensions will maximize the area?

	Width (ft)
	Length (ft)
	Area (sq ft)

	0
	792
	0

	50
	692
	34,600

	100
	592
	59,200

	150
	492
	73,800

	200
	392
	78,400

	250
	292
	73,000

	300
	192
	57,600

	350
	92
	32,200

	396
	0
	0












5. Slide 5: 
[image: A white board with black text

Description automatically generated]
Ask students to plot their data points on either their individual student pages, or on a master page used by all the students in the class. Ask students if they notice any symmetry in the graph. They might notice that the width that maximizes the area appears to be about halfway (horizontally) between the two x-intercepts. They may not discover the actual width (198 ft) that maximizes the area, but they should have close estimates.
[image: ]







6. Slide 6: 
[image: A close-up of a graph

Description automatically generated]
This question asks students to find the x-intercepts, the maximum point, and the relationship between them. Ask them what the x-intercepts mean in terms of the goat enclosure? One of the goals here is for students to notice how the symmetry in the graph can be used to locate the vertex, which has an x-coordinate located halfway between the two x-intercepts. 
7. Slide 7: 
[image: A paper with text on it

Description automatically generated]
After students have explored the problem, ask them to generalize to a side length of x feet.  It may be helpful to ask students to describe to each other how they determined the length for a specific width. Have them identify the units and identify input and output quantities.  Students should be encouraged to write the area function using function notation.
8. Slide 8: 
[image: A white paper with black text

Description automatically generated]
Using their area function, students are asked to maximize the area. This could be done by finding the x-coordinate using the midpoint between the zeros or the vertex formula, or by completing the square. 
There is an optional worksheet, “Quadratic Explorations: Finding the Vertex Using the Zeros” that may be used at this point to develop the idea of the x-coordinate being  for a general quadratic. Alternatively, the worksheet could be completed before starting this activity.
Students may come up with a different answer than they came up with using the table. Talk about which answer is more accurate, and why. Ask students what the two coordinates of the vertex represent in the goat enclosure problem.
9. Slide 9: 
[image: A screenshot of a computer

Description automatically generated]
This slide asks students to consider the changes required when a different amount of fencing is used. This should help to reinforce the idea that a formula allows us to change the parameters easily and to evaluate many different possibilities.




10. Slide 10: 
[image: A paper with text on it

Description automatically generated]
This slide poses some questions to consider. How would we change the formula if we needed only one goat pen, but can’t use the neighbors fence?  How would we change the formula if we needed to make 3 (or 4 or 5) equal sized goat pens?  Would the side lengths and area be the same, assuming we still want to maximize the area?

11.	Additional discussion questions:
· Do we need to find both coordinates of the vertex to discover the dimensions we needed?  Why or why not?
· What does the second coordinate from the vertex represent in this question?
· Can you think of other situations where you could use the vertex of a quadratic to find a maximum or minimum value?  This would be a great place to discuss the path a thrown or tossed object takes, or a discussion of profit and loss for a company whose profits may be modeled by quadratics. 
· [bookmark: _heading=h.gjdgxs]Would the problem change if the pens were not equal in size?
[bookmark: _heading=h.w0195e7jsafu]
[bookmark: _heading=h.a78bdj9fz198]Common Student Pitfalls: 
1. [bookmark: _heading=h.ebrvtapvw6g7]Students may struggle to set up the function to get the area, but the scaffolding in this activity should help. 
2. [bookmark: _heading=h.uxzb5sb2apft]Students may not know how to find the vertex of a parabola, but the additional worksheet has students compare the zeroes with the vertex so that they can realize that the vertex happens halfway between the two zeroes. 
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Let’s consider several widths and lengths. Make a table to record
them and compare their areas.

* You want to give the lasgest arca possible to your goats using
yous 792 feet of fencing, What dimensions will maximize the
area?

de(ﬁ) Length (f) A-e-(sqft)
792
10 772 7,720
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* Plot your data points on coordinate axes using the width on the
sc-axis and the area on the y-axis.
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Properties of the Graph
 What ae the x-intecepts for the graph? Discuss with other

- groups.
* What s the masimum point for the graph? Discuss with
other groups.

* Where is the width (that maximizes the arca) in relation to
the sintercepts?
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Write a Formula

When using 792 fect of fencing, if the width is , what is the
length in terms of 3

What s the area in terms of 57 Can you write it as a fanction,
AR?
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Maximizing the Area

Using the formula, can you find the dimensions that should be
used to give the masimum area?
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- Suppose you have 1000 fect of fencing instead of 792 fect..
- How does that change your solution?

Neighbor’s Fence
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WHAT IF?

* What if the neighbor's fence is not sufficient to keeping the goats in, but
he refuses to do the repairs? What changes would we need to make to the

size of our goat farm.

* What if we needed to subdivide the pens to make 3 (or 4 or 5) equal sized

goat pens?
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My First Goat Farm

Determining the Masimum Area
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My First Goat Farm

+ You purchased a few acres of land and want to make a
rectangular enclosure for goats using the neighbor’s fence as
one side of the rectangle.
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You have 792 feet of fencing to fence the 3 remaining sides.

If you begin with one side that is I fect long, what is the length
L of your enclosurc?

Neighbor’s Fence





