Lesson Plan: 8.F.A.1 Investigating Functions
(This lesson should be adapted, including instructional time, to meet the needs of your students.)

	Background Information

	Content/Grade Level

	Functions/Grade 8

	Unit

	Define, evaluate, and compare functions

	Essential Questions/Enduring Understandings Addressed in the Lesson

	How can students demonstrate understanding of the fact that a function is a rule that assigns exactly one output for every input?

	Standards Addressed in This Lesson



	8.F.A.1:  Understand that a function is a rule that assigns to each input exactly one output. The graph of a function is the set of ordered pairs consisting of an input and the corresponding output (function notation is not required in Grade 8).

	Lesson Topic

	Investigating the definition of function

	Relevance/Connections


	8.F.A.2  Compare properties of two functions each represented in a different way (algebraically, graphically, numerically in tables, or by verbal descriptions).
8.F.A.3  Interpret the equation y = mx + b as defining a linear function, whose graph is a straight line; give examples of functions that are not linear.
8.F.B.4  Construct a function to model a linear relationship between two quantities.
8.F.B.5  Describe qualitatively the functional relationship between two quantities by analyzing a graph (e.g., where the function is increasing or decreasing, linear or nonlinear). Sketch a graph that exhibits the qualitative features of a function that has been described verbally.

	Student Outcomes



	· Students will be able to view a table/graph and determine whether or not it is a function.
· Students will be able to view a table and find the rule.
· Students will be able to use the vertical line test to determine validity

	Prior Knowledge Needed to Support This Learning

	· Independent/dependent variable
· Recognize patterns
· Complete a function table given a rule
· Evaluating expressions

	Method for determining student readiness for the lesson
	Informal observations during warm-up

	Materials



	· Activity #1 Worksheet
· Activity #2 Worksheet
· Activity #2 Formative Assessment Two: Graph

	
	

	Learning Experience

	Component
	Details
	Which Standards for Mathematical Practice does this component address?

	Warm Up/Drill




	· Give students an incomplete function table and provide the rule. Have students complete the function table. For example:  

Roberto works part time to earn some extra money. For every hour he works, he earns $5.00. The table below shows the relationship between hours worked and amount of money earned. 


 (
Hours worked
x
Amount earned
y = 5x
1
$5
$15
5
7
$35
$42.50
)Suggested conversations: 
· Have students complete the table
·  “What does the 7 represent in the table?”
· “What does the $15 represent in the table?”
· “If Roberto wants to earn $129 for a new phone, how would you determine how many hours he needs to work?”
· Discussion of dependent versus independent variables in the context of this problem
· “What are the dependent and independent variables in this problem?”
· “How does the amount earned relate to the number of hours worked?”
                                          
	

	Motivation



	· Intro: “Today we will be learning about functions”

· Ask students if they have ever seen the machine that makes Krispy Kreme donuts.  Show the video of Krispy Kreme donuts being made (http://www.youtube.com/watch?v=t0bph6Cbh9Y ).  (Real World Connection).

NOTE:  If you can’t log on to You Tube in your school, try this:



· Connect the video ~“dough going into a machine and coming out a delicious donut.”  Something happens in the machine to produce the donut.  Talk to a partner and discuss other real life examples where you start with something, do something to it, and it changes its form.  This is where the factory concept originated.  (Other examples include Play-Doh ~put in machine ~out comes a shape; chocolate ~ put into machine ~ out comes Reese’s cups; etc.  Compare this to a function machine.  Start with a number, do something to it, and the output is the result.  Discuss independent and dependent variables. 

· Provide time for the students to explore one of the following website(s) individually, in small groups, or as a class: (You may also choose a similar website that shows a virtual function table. See appendix for additional function machine websites)

 http://www.mathplayground.com/functionmachine.html (this website offers varying levels, requires student to enter the function as an equation, and gives students the option to enter their own input or computer generated input—the numbers can go as high as 150. See additional information in the appendix. If the website does not open with the link, open up an internet browser and paste the link into the address bar. ) 
 
http://www.learningtoday.com/corporate/files/games/Algebra_Functions_L3_V1_T4a.swf  (this website is more at a beginning level to functions and asks for a rule rather than the equation as the above website does.  See additional information in the appendix.) 

· After providing independent exploration time, ask the students to write about what they think the rule is for a few examples they explored on the chosen website. 

	

	Activity 1 

UDL Components
· Multiple Means of Representation
· Multiple Means for Action and Expression
· Multiple Means for Engagement
Key Questions
Formative Assessment
Summary









	UDL Components:
· Principle I: Representation is present in the activity.  Students have choices for completing the Function Sort Chart on paper or on an interactive whiteboard.  The formative assessment also provides choices of equivalent yet different tasks. 
· Principle II: Expression is present in the activity.  Resources in the Motivation and in the Appendix include links to computer-based instructional materials that provide alternatives in the requirements for rate, timing, amplitude, and range of motor action necessary to interact with instructional materials and technologies.  
· Principle III: Engagement is present in the activity.  Throughout this activity, students are given choices regarding level of challenge, type of materials used.   

Directions:
Identifying a function using a table of values.

Complete Activity One: Function Sort Chart (Note: this activity could be completed using an interactive whiteboard)

Suggested conversations: 
· Sort the first two functions for the students – yes it is a function and no it is not a function. Have the students work with a partner or a group to discuss the similarities and differences between the two tables to help students discover the properties of functions.
· Share one function table at a time. Ask students to predict if the example is or is not a function and their reasoning.
· Challenge students to notice the similarities and differences between those that are functions compared to those that are not functions.
· Use the vocabulary domain and range when referring to the table of values for x (input) and y (output).
· Have students justify the answer they chose to one or more of the examples.

Culminating Question/Summary: What defines a function?  Answer:  A single input value in the domain results in a unique (only one) output value.

Formative Assessment: 
Option 1: Give students several table of value examples. Students need to determine if the table is a function or not and justify. 

 (
input
output
3
5
3
10
3
12
3
14
2
15
) (
input
output
1
5
5
13
9
21
10
23
12
27
)Possible Examples:








Option 2: Students create an example of a table that is a function and one that is not and justify.  

	Students will construct viable arguments and critique the reasoning of others as they justify conclusions while sorting their cards.
(SMP#3)

Students will make sense of problems and persevere in solving them as they plan a solution pathway instead of jumping to a solution as they compare the function cards.
(SMP#1)

Students will attend to precision as they notice the similarities and differences between the function cards.
(SMP#6)

	Activity 2

UDL Components
· Multiple Means of Representation
· Multiple Means for Action and Expression
· Multiple Means for Engagement
Key Questions
Formative Assessment
Summary
	UDL Components:
· Principle I: Representation is present in the activity.  Students have choices for completing the Function Sort Chart on paper or on an interactive whiteboard.  The formative assessment also provides choices of equivalent yet different tasks. 
· Principle II: Expression is present in the activity.  Resources in the Motivation and in the Appendix include links to computer-based instructional materials that provide alternatives in the requirements for rate, timing, amplitude, and range of motor action necessary to interact with instructional materials and technologies.  
· Principle III: Engagement is present in the activity.  Throughout this activity, students are given choices regarding level of challenge, type of materials used.   

Directions:

What is a function, using a graph?

Complete Activity Two: Function Sort Chart. (Note: this activity could be completed using an interactive whiteboard)

Suggested conversations: 
· Sort the first two graphs with their corresponding table for the students – yes it is a function and no it is not a function. Have the students work with a partner or a group to discuss the similarities and differences between the two graphs to help students discover the properties of a graphed function.
· Share another graph with its table. Ask students to predict if the example is or is not a function and their reasoning.
· Share additional graphs without a table, ask students to predict if the example is or is not a function and their reasoning.
· Challenge students to notice the similarities and differences between those that are functions compared to those that are not functions.
· Discuss the concept dependent (y-coordinate) and independent variables (x-coordinates) when discussing the graphs.

Teacher note: If students have difficulty noticing that a graph is not a function when there are multiple y-values for one x-value (vertical line test), share one of the non-function graphs and create a table of values that corresponds to the graph. See example below:




	x
	y

	5
	1

	5
	5

	5
	9












Culminating Question/Summary: Given a graph, how do you determine that it is a function?

Formative Assessment: 
Use formative assessment example attached below.

	Students will reason abstractly and quantitatively as they look at each graph.
(SMP#2)

Students will make sense of the graphing problems and persevere in deciding if it is a function or not a function.
(SMP#1)

Students will attend to precision as they communicate precisely with others and try to use clear mathematical language when discussing the graphs.
(SMP#6)
.

	Closure





	
Have students complete the following sentence:

A function is …

	



	Supporting Information

	Interventions/Enrichments
· Students with Disabilities/Struggling Learners
· ELL
· Gifted and Talented




	For students who need additional instruction visualizing functions from a table of values, use the mapping examples in the appendix.

Vocabulary – ELL and Students with Disabilities/Struggling Learners need to know and understand the following terms to be successful with these activities: independent, dependent, input, output, vertical, x-axis, y-axis, table of values, function table, domain, and range.

This website uses two-operations and also f(x) - a good extension activity for a function machine:
http://www.glencoe.com/sites/common_assets/mathematics/im1/concepts_in_motion/interactive_labs/M2_05/M2_05_dev_100.html


	Technology



	· At least 1 computer with internet access
· LED projector
· Smart Board or White Board or something comparable

	Resources
(must be available to all stakeholders)




	See appendix for additional resources.
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Activity One: Is it a function?
	
	Yes
	No
	
	
	Yes
	No

	1)  (
Input
output
0
5
1
6
2
7
3
8
4
9
)
	
	
	
	2)  (
x
y
0
0
1
1
1
-1
4
2
4
-2
)
	
	

	3)  (
x
y
5
-5
6
-6
7
-7
8
-8
9
-9
)
	
	
	
	4)  (
input
output
2
4
2
8
2
9
2
11
2
15
)
	
	

	5)  (
x
y
-12
12
12
12
-24
24
25
25
-30
30
)
	
	
	
	6)  (
Domain
range
0
-3
1
-1
2
1
3
3
)
	
	

	7)  (
Input
output
1/8
¼
1/6
1/3
½
1
2/3
 
)
	
	
	
	8)  (
x
y
1
5
2
5
3
5
4
5
5
5
)
	
	

	9)  (
Domain
Range
2
4
2
5
3
6
3
8
4
10
)
	
	
	
	10)  (
Input
output
0
0
¼
½
¼
-
 
½ 
1/16
¼ 
1/16
-
 ¼ 
 
)
	
	


Activity Two: Is it a function?
	
	Yes
	No
	
	
	Yes
	No

	1) [image: ] (
Input
output
0
5
1
6
2
7
3
8
4
9
)
	
	
	
	2) [image: ] (
input
output
0
0
1
1
1
-1
4
2
4
-2
)
	
	

	3) [image: ] (
x
y
5
-5
6
-6
7
-7
8
-8
9
-9
)
	
	
	
	4) [image: ] (
x
y
2
4
2
8
2
9
2
11
2
15
)
	
	

	5) [image: ]
	
	
	
	6) [image: ]
	
	

	7) [image: ]
	
	
	
	8) [image: ]
	
	

	9) [image: ]
	
	
	
	10) [image: ]
	
	




Activity Two Formative Assessment Two:

Given the graph below, Maria says this is an example of a function. Do you agree or disagree with her, justify your answer.
[image: ]




Appendix
http://www.mathplayground.com/functionmachine.html[image: ]
Beginner:
[image: ][image: ]
Advanced:
[image: ]   [image: ]
http://www.learningtoday.com/corporate/files/games/Algebra_Functions_L3_V1_T4a.swf 
[image: ]

[image: ]
Other function machine websites:
Beginner machine: http://pbskids.org/cyberchase/math-games/stop-creature/

Includes graph with function machine: http://hotmath.com/util/hm_flash_movie.html?movie=/learning_activities/interactivities/function_machine.swf&return_to=Algebra%20Activities%20-%20Math%20Activities%20-%20Hotmath&title=The%20Function%20Machine

Does not include a table with the machine: http://www.shodor.org/interactivate/activities/FunctionMachine/

Mapping Examples
 (
X
y
0
1
2
3
4
5
6
7
8
9
)
	Input
	output

	0
	5

	1
	6

	2
	7

	3
	8

	4
	9


 (
X
y
-12
12
-24
25
-30
12
24
25
30
) (
x
y
-12
12
12
12
-24
24
25
25
-30
30
) (
X
y
0
 
1
 
2
0
1
-1
2
-2
) (
x
y
0
0
1
1
1
-1
4
2
4
-2
)




how krispy kremes are made (1).mp4
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