Lesson Title: Transformations
Unit Title: Inverses
Teacher Candidate: Brendan Carpenter
Subject, Grade Level, and Date: Mathematics, 12th grade, 2/23/2016
Placement of Lesson in Sequence

This lesson is the first lesson in a progression of three lessons whose goals is to build an understanding of inverse functions. In this lesson the students will review function notation and practice working with it in the context of understanding transformations. This progression is designed to supplement the curriculum of the Collection of Evidence (COE) students now that their culminating tests have concluded. The purpose is to prepare students with mathematics that they may use in the workforce.
Central Focus and Essential Questions

The central focus for this learning progression is to understand inverse functions and learn how to work with different types of mathematics to prepare the students to work in careers that require more than basic mathematics skills. The central focus for this lesson is to learn how to work with transformations and identify and construction transformations from parent functions. This focus is encompassed in the CCSS that have been chosen for this lesson. The instructor should be able to, after the lesson, ask the following questions: What is the parent function of this function? What transformations have taken place to generate this function from its parent function? What would the parent function look like after the given transformations have been applied?
Content Standards 
High School-Functions-Building Functions:
Build new functions from existing functions.

CCSS.MATH.CONTENT.HSF.BF.B.3

Identify the effect on the graph of replacing f(x) by f(x) + k, k f(x), f(kx), and f(x + k) for specific values of k (both positive and negative); find the value of k given the graphs. Experiment with cases and illustrate an explanation of the effects on the graph using technology. Include recognizing even and odd functions from their graphs and algebraic expressions for them.

CCSS.MATH.CONTENT.HSF.BF.B.4

Find inverse functions.

CCSS.MATH.CONTENT.HSF.BF.B.4.A

Solve an equation of the form f(x) = c for a simple function f that has an inverse and write an expression for the inverse. For example, f(x) =2 x3 or f(x) = (x+1)/(x-1) for x ≠ 1.

CCSS.MATH.CONTENT.HSF.BF.B.4.B

(+) Verify by composition that one function is the inverse of another.

CCSS.MATH.CONTENT.HSF.BF.B.4.C

(+) Read values of an inverse function from a graph or a table, given that the function has an inverse.

CCSS.MATH.CONTENT.HSF.BF.B.4.D

(+) Produce an invertible function from a non-invertible function by restricting the domain.

CCSS.MATH.CONTENT.HSF.BF.B.5

(+) Understand the inverse relationship between exponents and logarithms and use this relationship to solve problems involving logarithms and exponents.

	Learning Outcomes
	Assessment

	-Students will be able to identify parent functions
-Students will be able to construct a function given a parent function and a set of transformations
-Students will be able to identify a list of transformations given a function and its parent function
	The formative assessment will be as follows: students will be given a warm-up that reviews function notation and working with function algebra to assess the readiness of student to begin the lesson. This will determine the pace and content of the lesson. There will be two subsequent activities that will each determine if the students are prepared. Each will address the key concepts that the students had learned in the direct instruction portion of the lesson directly before the activity. Success of the students in these activities will determine if repetition is necessary of if more examples would be beneficial. At the end of the lesson before the exit slip, Students will be given a worksheet with individualized questions for each specific outcome and a comprehensive question that encompasses all the specific outcomes that students will fill out. This assessment will be based on the perceived learning with respect to the Learning Targets. The teacher will ask questions of the student to gauge their level of learning. As for the Summative Assessment, the student’s worksheet will be graded and be used to assess the student’s understanding of the content of the learning segment. The student’s grade on the worksheet will be used to assess their preparedness to continue on to the next day’s material. 



	Learning Targets
	Student Voice

	-I can identify parent function
-I can make function from a list of transformations

-I can write a list of transformations to make a function from it’s parent function.
	The learning targets will be stated at the beginning and the closing of the lesson. At the beginning the students will write down the learning targets in their notebooks or in the margins of the worksheet. It will also be written on the board. When students ask questions they will be asked to repeat the learning target before they receive help. This will direct the questions and my response to those questions. Questions from the teacher will be phrased in such that they relate content to the learning targets, extending the students understanding of the learning targets to content. Students also will be periodically asked how successful they feel with respect to the Learning Targets. In order to answer this question they will need to communicate to me the Learning Target first before answering.



Prior Content Knowledge and Pre-Assessment
Students have had exposure to functions in previous math classes and were reintroduced to function for a learning progression of four days that reviewed and covered material more deeply. In the earlier section before their exams where the student review functions, they had complete understanding of dependent variables, independent variables, domain, range, linear, function, set, and quadratic.At the end of the learning segment before this lesson the students will be reminded of the functions and asked how comfortable they are with them so as to gauge the level of understanding of the student previous to the lesson. Since this lesson will begin the week and the students typically do not have homework, their pre-assessment will be in the form of a warm-up task. This warm-up task will test the student’s ability to graph functions and work with function notation to solve for an output given an input. This includes graphing a function, using a X-Y table, and identifying linear and non-linear as well as understanding the concept of dependent and independent variables. The purpose of the warm-up will be to determine the procedural fluency of the class. This will in turn determine the pace of the lesson until the first activity. If students are successful in the warm-up activity the pace of the lesson will speed up and there will be less example problems. The students will more than likely go straight into the first discovery based activity. If the students struggle with the warm-up task, there will be time taken at the start of the lesson to review relevant procedures. Then the students will be able to go into the first activity prepared and fully able to learn. Since this is the first lesson, the amount of content that will be covered may vary. It is expected that all of the planned material for the day will not be covered because there are remaining gaps in the students understanding of functions. 
	Academic Language Demands

	Vocabulary & Symbols
	Language Functions
	Precision, Syntax & Discourse

	· Domain
· Range

· Dependent Variable

· Independent Variable

· Function

· f(x)

· Set

· Linear function

· Quadratic function

· Parent function

· Transformation

· Vertical shift

· Horizontal shift

· Stretch 

· Squeeze

· Reflection

	In this lesson students will use language to:
· Interpret and understand question posed in the warm-up task, the two in class activities, the worksheet, and the exit slip.

· Describe a function as a parent function

· Describe actions that result from specific transformations

· Distinguish between a linear and a quadratic function. 

	Mathematical Precision:

Students use precise mathematical vocabulary to differentiate between linear and quadratic functions, precisely state the actions done to a function due to a given transformation, and accurately describe the relationship between and function and its parent function. 
Syntax: 
Students use definitions, context clues, and previous classwork to articulate justifications for the classifications of a function as a parent function. Students must use specific vocabulary when describing transformations.
Discourse: 
Students will discuss the differences between certain transformation and discuss methods for identifying transformations within a function to better identify its parent function. Students parallel in-class problems with problems done the day before to provide a context for justification and pull appropriate vocabulary.


	Language Target
	Language Support 
	Assessment of Language Target

	I will use terms like vertical shift, horizontal shift, and stretch to describe the transformations done to a parent function.

I will use terms like linear and quadratic to describe different types of functions.

I will use the term transformations to describe the differences between a function and its parent function.
	Much of the function vocabulary will be review from the lesson taught in Fall. However, the vocabulary will be discussed and explained during class as well as be written and left on the board for later activities during the lesson. During the direct instruction portion of the lesson the teacher will model proper use of key vocabulary for students to repeat during activities. The teacher will have the students write down vocabulary words that they struggle with repeatedly.
	Student’s oral use of the mathematical language will be assessed as the teacher checks on the progress of each student periodically throughout the lesson. They will also use this language when writing answers on the worksheet in conjunction with the lesson.



Lesson Rationale (Connection to previous instruction and Objective Standards)
This lesson will begin where the last lesson on functions left off. The previous function lesson introduced students to the notation and familiar functions. The students learned how to work with functions and the concepts of domain and range. This current lesson will build off of the base of understanding left from the last lesson. The notation that the students learned will be repeated and emphasized to add familiarity to the lesson. The objective standards for this lesson requires previous understanding of functions. So this lesson is a sort of formative assessment lesson. It assesses the students previous knowledge and has provisions for reteaching of forgotten material. It also prepares students for the next lessons regarding inverses and is a formative assessment of the understanding necessary to work with inverses. The lesson is an introduction to the framework that inverse live in. without a good understanding of this framework, inverses have no context and no basis in what the students are learning.
Differentiation, Cultural Responsiveness and/or Accommodation for Individual Differences
Materials – Instructional and Technological Needs (attach worksheets used)

The materials needed are: worksheets, basic calculators, pens, pencils, scratch paper, warm-up sheets, white board markers, and a whiteboard (for presentation). 

Below are the warm-up sheets, activity sheets, and the exit slip used.
	Teaching & Instructional Activities

	Time
	Teacher Activity
	Student Activity
	Purpose

	
	
	
	

	
	
	
	

	
	
	
	


