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Content (what is taught): 

· Determine what a function is

· Identify common mathematical functions (mean, distance, area, etc.)

· String functions together in series to create functions producing desired results

Context (how it is taught):

· Have students describe a process from beginning to end
· Have students break down process steps into smaller processes or functions (example:  multiplication can be broken down into repetitive addition)
· Discuss how to write a “program” to perform the same functions as a calculator (example: what happens when the “x2” function key is pressed?)

Activity Description:

In this lesson, students investigate the logic used by calculators when multiple functions are requested in the same request for an answer.

Standards: 

Math: A2, B1, B2




Science: A1, E1, E2
Technology: A3, B4




Engineering: A4, B5
Materials List: 

· Paper

· Pencils

· Flow Chart Templates

· Stop Watch

· Calculators or Access to a Spreadsheet Program like Excel to Verify Solutions

Asking Questions: (Serial Functions)

Summary:  Students will define what a function is and give examples of functions inside and outside of the math classroom.

Outline: 

· Students will learn what a function is (broad definition- not just mathematical definition)

· Pros and cons of functions will be explored

Activity: Students will be engaged in class discussions centered around the concept of functions (a broader definition than the mathematical definition of a function can be considered).  When looking at manufacturing, a function is a process that can be completed time after time by completing a set of ordered steps.  In the discussion, the teacher should guide the students so that the questions below are considered.  To wrap up the discussion, the pros and cons of functions should be considered.
	Questions
	Answers

	What is a function? What are some real world examples of functions?
	A function is something that relates one object to another, but is also a working relationship. Example: y = sin x

	What is a sequence or series? What are some real world examples of a series?
	A sequence (or series) is a list of objects that occur in a specified order.  Examples:  geometric progressions, the Harry Potter books, etc

	Can functions be reused in a sequence? What would be some real world applications of repeating functions?
	Yes.  Assembly line stations, quality control cameras, etc

	How many times do you think a function is written?  Justify your answer.
	One time.  Example:  I can use the same web site as a reference source for multiple projects.  Trig functions are the same no matter how many time I use them. 

	What would you call a collection of reusable functions?
	Library

	When it comes to showing you work while solving problems, how would libraries simplify the process?
	A repeating series of steps could be replaced by a single function.

	Could there be a disadvantage to functions?
	As in all things, yes.  Example: repetitive stress syndrome AKA carpal tunnel


Resources:  

· BD:  Medical Supplies; Devices and Technology; Laboratory Products; Antibodies http://www.bd.com
Exploring Concepts: (Serial Functions)

Summary: Students will investigate normal data distribution as used by manufacturing quality control processes.

Outline: 

· Students will complete an activity that demonstrates the usability of functions

· Discuss activity and draw conclusions

· Explain applications

Activity: Have students get into groups and choose a leader.  Give each leader a “box of supplies” to pass out.  Restrictions:  

· In group one, the leader passes out all of one type of supply before the next supply can be distributed
· In group two, the leader takes one type of supply and passes the remaining supply items to the next student
· In group three, the leader passes out all of the supplies to each student in turn
· In group four, the leader takes enough of each supply and passes the box.  
Time the entire exercise.  Discuss which process was fastest and why the other processes were slower.  Was there any duplication with the process?  Could the process be broken down into reusable steps or functions?  Describe these functions.  Explain that companies that use automation have this discussion for every activity that they want to automate.

NOTE:  The “box of supplies” could contain anything to make a simple project such as a paper cube (supplies might include paper, ruler, scissors etc.).


Instructing Concepts: (Serial Functions)
Functions

Putting “Functions” in Recognizable Terms:  Functions are a set of related ordered pairs that when graphed a vertical line will pass through the graph only one time no matter where the vertical line is drawn.

Putting “Functions” in Conceptual Terms:  A function is a relation where each element in the domain (the x value) is paired with only one value in the range (the y value).   This means that that an element in the domain is not allowed to repeat.

Putting “Functions” in Mathematical Terms:  A function is a set of related ordered pairs that can be used to model real world situations.  It can be solved explicitly so that y can be written in terms of  x for all cases.  The advantage of a function versus a relation is that if you plug in an element in the domain (x value) to the function you will always get the same value in the range (y value).  This is not true for relations.  

Functions take many forms.  Some of the most common are polynomials in the form 
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 where n is an integer.  Other functions are absolute values in the form 
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 or radicals in the form 
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 where n is an integer.  This list is far from inclusive.

Putting “Functions” in Process Terms:  Thus, for any function, when you plug in a specific x value, you can compute the corresponding y value.  These ordered pairs if graphed will be a visual representation of the function. 

Putting “Functions” in Applicable Terms:  Functions are often used to model the real world.  Some situations are: 1) linear relationships, 2) quadratics including projectile motion, 3) trigonometric equations and periodic motion, 4) parametric equations and numerous others.  A function can be used to model any situation in which every value of x in the domain is paired with only one y in the range.

Organizing Learning: (Serial Functions)

Summary:  Students will have graphs of relations and they will determine if the relations are functions. Students will also using mappings to show how relations and functions are related.
Outline: 

· Mathematical relations will be broken down into a series of ordered steps that are basic mathematical functions

· Ordered steps will be graphed/charted to show logical flow including input and output

· Charted steps will be checked to see if the desired outcome is produced if not modifications will be made
Activity: The students will work in groups and individually.  Each group will receive a mathematical process to map out using logic flow symbols (flow chart templates work well for this).  Once the process is broken down into functions (multiplication, division, squaring, factoring, etc), each group member will take the function and break it into smaller steps (i.e. multiplication is repetitive addition requiring two inputs to provide one output).  The students will graph the local flow of the function including decision logic and integrate it into the group process.  When all functions are mapped, the group will test their process using sample inputs and check their results using a calculator or a spreadsheet program.

NOTE:  The students should retain their function maps in a binder organized with subject tabs because they are creating a library of reusable functions.  This activity should be repeated, using existing (or known) functions for a starting point, as more advance functions are introduced.  This activity lends itself nicely to logic lessons in geometry, functional analysis in Algebra, and understanding how trigonometric functions work.
Resources:

· Flow Chart Templates: http://www.breezetree.com/articles/flowchart-templates.htm
Understanding Learning: (Serial Functions)

Summary: Students will write an explanation of how standard deviation can be used to control quality and reduce delivered defects in a manufacturing environment.

Outline: 

· Formative assessment of functions

· Summative assessment of functions

Activity: Students will create flow diagrams for a given prompt.
Formative Assessment: As students are engaged in the lesson, the teacher will walk around and asks these or similar questions to students to get idea of their understanding of functions:

1) Do students understand when functions should be used?

2) Are students able to state when functions should be written?

3) Will every function work 100% of the time?  Give an example of one that wouldn’t work all the time.
4) How do you think this principle can be applied outside of math class?
Summative Assessment: Students will create flow diagrams based on the following prompts:
1) Choose an activity that you do often.  Break this activity into smaller steps and diagram its flow.  Be sure to show decision points and repeating steps.

2) Create a library of math functions based on the math operations that you use most often.  Keep this library in a separate section of your math journal and add to it throughout the year.  There should be a minimum of one math function per unit covered.
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