Math   Grade 9  Unit: Introduction to Linear Functions and Function Notation
Essential Question:  What is a function, what does it represent, and what is function notation?
In this series of lessons, students:





      1) Will understand that a function is merely a type of relation that satisfies certain conditions




      2) Will understand that linear functions can model real life situations

                                                      3) Will understand the definition of the domain and the range of a function and how it applies to a          

                                                           real life setting
                                                      4) Will understand how to extract a domain or range from a given rule or graph

                                                      5) Will understand the use of function notation

                                                      6) Will understand that functions can be represented graphically, algebraically, and numerically

                                                      7) Will understand that functions can be abstract, representing a situation that has not yet been                  

                                                          defined

Note:  Students have prior knowledge of relations, how to graph a line, and inequalities.
Summary

	Lesson I: The teacher will begin by asking if anyone in class has an allowance.  The teacher will then discuss a model problem with the students about needing a certain amount of money to purchase an Xbox.  A situation will be defined wherein a student is given $5 a week for an allowance as well as $2 per hour of chores she completes.  The teacher will then ask how much allowance the student can expect if she worked on chores for a specified number of hours.  This will be done with several different numbers of hours.  The students will list the number of hours and the amount of the allowance in ordered pairs.  The teacher will then ask the class how they are coming up with the allowance amounts.  Using their responses a rule will be defined that represents the relationship between the amount of allowance the student will be receiving during any given week, and the number of hours she works.  Appropriate variables will be assigned so that the students come up with A = 5 + 2h.  This is the rule for the relation (the teacher will ask them if this rule looks similar to anything they have studied in the past.  They will respond with y= mx + b.  Hence the allowance relation will now be defined a linear relation.)  The teacher will tell the class that the h is the independent variable and that the A is the dependent variable and ask the class why.  The students will the write in their own words what independent and dependent variables represent.  The teacher will then ask what values can be assigned to the independent variable.  Through a class discussion, it will be decided that the independent variable could be assigned to any number between 0 and 168, inclusive.  There will also be a discussion about whether or not h could represent a fraction, a decimal, or a negative number. More advanced students will be questioned about the possibility of h representing an irrational number.  This collection of values for the independent variables will be defined the domain of the allowance relation.  The teacher will tell the students that these values represent the “input” of the relation and each separate independent variable represents an element of the domain.  The teacher will define the “output” of the relation to represent the range.  The students will realize that the range of a relation is the collection of values for the dependent variables and that each separate dependent variable represents an element of the range. The range for the allowance relation will be defined as any number between 5 and 341, inclusive.  At this time the teacher will ask the students to break into groups and see if they can come up with their own situation that can be modeled by a linear relation.  The students will write these situations out and come up with a domain and range for their particular relation.  Homework will be a ditto describing similar situations for which the students will have to list ordered pairs, come up with a rule, and write the domain and range that applies to that rule. 
Objectives:
· Students will understand that linear functions can model real life situations
· Students will understand the definition of the domain and the range of a function and how it applies to a real life setting

· Students will understand how to extract a domain or range from a given rule or graph
	Lesson II: The teacher will begin class by going over the homework and quickly reviewing the allowance relation that was discussed yesterday.  The teacher will then ask if it would be possible to receive different allowances by doing the same number of chores, that is; could we receive different values of A given the same value of h.  The students will say that this is not a possibility.  The teacher will tell the students that this particular type of relation, one in which every value of the domain must correspond to only one value of the range, is a function.  The teacher will then re-write the allowance relation—now known as the allowance function—in function notation: A(h) = 5 + 2h.  The teacher will tell the students that there is no difference between A and A(h), one is merely indicating the variable that A is dependent upon.  The students will now re-write their ordered pairs from yesterday in function notation (ie. (0, A(0))((0,5)).  The students will understand that A(h) represents an A value obtained by plugging in a certain h value into the function A.  The students will further understand that representing a function by a rule is known as representing the function algebraically.  The students will also understand that writing the function as a set of ordered pairs—they will also be shown that these ordered pairs can be arranged into a table—is known as representing the function numerically.  The teacher will ask if there is another way the data can be represented (remember y = mx + b?).  The students will respond with a graph. 

     The teacher will begin the graph by demonstrating which axis corresponds to the independent variable (x-axis) and which axis corresponds to the dependant variable (y-axis).  These axes will be labeled h and A(h).  The teacher will begin the graph by plotting the ordered pairs the students had previously come up with.  The teacher will then ask the students if there should be any space from one point to another.  Drawing on the students prior knowledge of graphing lines, the rest of the graph will be drawn.  The teacher will ask the students if an arrow should be drawn on either end of the line.  The students will reply that the function must have a beginning and an end.  The teacher will then bring back into play the domain that was determined yesterday and show how it applies to the graph.  The teacher will do the same thing with the range.  The students will understand that the domain and the range of a function can be determined by looking at the graph.  Furthermore, the students will be able to extract from the graph information that they previously extracted from the rule for the function, as the teacher will ask them to evaluate A(3) using the graph.  This will solidify the relationship between the graph of a function and the rule for that function.  It will also be stressed that not all functions will be written as A(h).  Many other variables are possible.
     Homework will be for students to come up with a graph for the problems done on yesterday’s homework ditto as well as another ditto where students are given graphs of linear functions and they are asked to identify the domain, range, and rule of the graph; as well as having to evaluate functions by rule and by graph using function notation.  

   Objectives:

· Students will understand that a function is merely a type of relation that satisfies certain conditions

· Students will understand how to extract a domain or range from a given rule or graph
· Students will understand that functions can be represented 

       graphically, algebraically, and numerically


Lesson III: Students will now be introduced to abstract notation for functions.  This lesson is expanded upon below.

Objectives:

     *Students will understand that functions can be abstract, representing a situation that has not yet been defined                  

Standards :  
F.IF.1 Understand that a function from on set (called the domain) to another set (called the range) assigns to each  element of the domain exactly one element of the range.  If f is a function and x is an element of its domain, then f(x) denotes the output of f corresponding to the input of x.  The graph of f is the graph of the equation y = f(x).

F.IF.2 Use function notation, evaluate functions for inputs in their domains, and interpret statements that use function notation in terms of a context.


F.IF.5 Relate the domain of a function to its graph and, where applicable, to the quantitative relationship it describes.


RST.7. Integrate quantitative or technical information expressed in words in a text with a version of that information expressed visually (e.g., in a flowchart, diagram, model, graph, or table).


RST.8. Distinguish among facts, reasoned judgment based on research findings, and speculation in a text.
Lesson III (note: this lesson may span more than one day)
Required Materials:
· Graph paper
Procedures  

1. Lead- In:  The teacher will ask the students to recall the allowance function that has been discussed the last two days.  The teacher 

will put the graph of this function that was previously created on the board.  The teacher will then ask if this function applies only to the real life situation that they thought of.  The teacher will ask if there is any other real life situation the students could come up with that this function will model.  The teacher will then tell the students that functions can be abstract, and the situations they model may not be identified. 
2. Step by Step:

a)  Using the allowance function, the teacher will demonstrate how functions can be labeled abstractly.  The teacher will ask the students what the horizontal axis on a graph is normally labeled.  They will respond with x.  The students will see that h is in x’s spot and will replace the h with an x.  Thus it will be determined that the independent variable in an abstract situation is normally designated x.  The students will now want to replace A(h) with y (because it is representing the y axis) but the teacher will tell them that while a function does always represent y values, it needs to be denoted in function notation.  Students need to understand that not every function can merely be called y.  The teacher will then introduce to the students the most famous abstract notation for a function: f (which stands for function).  Through a series of questions the teacher will lead the students to understand that f can be denoted f(x).  Just like before, when there was no difference between A and A(h), f and f(x) mean the same thing.  One is merely indicating the independent variable that the function depends upon.  The allowance function can now be denoted f(x) = 5 +2x or rearranged as f(x) = 2x + 5, to correspond to y = mx +b.  The teacher will then proceed to take everything the students learned about A(h) and apply it to f(x), that is; get the domain and range of f(x) given the graph and evaluate f(2), f(6), etc, by the graph and by the rule.  By listing several ordered pairs of f, the students will understand that f(2) represents the y-value that corresponds to an x-value of 2 on the graph of f.  It is important that the teacher continue to refer to the function as f and f(x), as students need to be familiar with both notations.  Students will now understand that f(x) represents the set of all y-values of the function f (the range).  They will be shown that abstract functions may be defined by a graph only and not a rule, and many times in these cases will be denoted y = f(x), as f(x) merely represents a collection of y-values.  It will further be shown that an abstract function can be defined numerically by a set of ordered pairs.  It is important that students realize that the numerical representation of a function is normally the most difficult to extract information from, as there is no description of what is going on between the ordered pairs like there is with a rule or a graph. 

b)  The teacher will now ask the students that since their former allowance function has been rewritten in abstract form, do the former restrictions on A(h) still apply.  Isn’t it possible, on the abstract x and y coordinate plane, that an x-value or a y-value can be negative?  This information will lead the teacher to extend the line infinitely in either direction.  The teacher will then ask the students how this will affect the function’s domain and range.  The students will respond accordingly.  The teacher will then tell the students that sometimes in an abstract situation the domain and range will be restricted for reasons unknown.  The students will need to be able to recognize these situations.
c) The teacher will now ask the students to recall the definition of a function as it pertained to the allowance function.  They will redefine a function as a relation in which every x-value (or element of the domain) corresponds to only one y-value (or element of the range).  Hence it will be shown that x-values can’t repeat.  This will be demonstrated graphically through the use of the vertical line test (this test will be revisited as other types of relations are described). The teacher will then caution the students that not all functions are linear, and they will soon come into contact with different types.         

3. Closure:  The teacher will then distribute a ditto that has graphs, rules, and sets of ordered pairs for abstract linear functions.  The students will answer questions such as evaluating f(4)—all three ways, coming up with a rule given a graph, and finding a domain and range given a graph.  
Differentiation

Advanced:
· More advanced students will work on problems on the ditto that have other types of relations (some finite).  They will use the vertical line test to check if they are functions as well as write up a short paragraph describing the difference between a finite and infinite relation (this will be studied later).  Also ask them questions of the nature of: for what value of x does f(x) = 7?
Struggling:  
· The teacher will work with struggling students by taking abstract functions and coming up with ways—with the students—that these functions can represent real life situations.  The idea is for the students to see the connection between the abstract and the applied situations. 
Homework/Assessment

The homework will be a ditto similar to the one given in class.  This ditto will include a few real life representations of functions as well as abstract.  The ditto will also include some graphs and lists of ordered pairs for relations we haven’t explicitly studied yet (quadratic, exponential).

Differentiation

Advanced:
· Advanced students can try to take some of the more advanced relations (quadratic, exponential) on the ditto and apply them to real life situations that they create.
Struggling:

•
Struggling students should work on the real life representations of functions and see the teacher if they are still struggling.
