Graphical Transformations - An Introduction

Description: This activity is designed to guide students through the development of graphical transformations, and incorporates numerical, graphical, and algebraic representations. The activities are heavily scaffolded, with the intention of forcing students to slow down and give earnest thought to the similarities and differences between the types of transformations, as well as what is actually occurring when transformations are applied.
[bookmark: _qdz1fz11amdi]Possible Learning Objectives
· MA 203.9 Identify and sketch graphs of functions including linear, polynomial, absolute value, rational, radical, piecewise functions, exponential, logarithmic, and use transformation of basic graphs.  
[bookmark: _5nh9izrdr67d]Activity Objectives
The students working on this activity will work towards understanding: 
· Students should understand that from the equation $$af(bx-c)+d$$, that the coefficients of $$a$$ and $$b$$ either stretch or compress because it represents multiply and divide.  
· Students should understand that adding/subtracting constants to the input shifts left or right and that adding/subtracting constants to the output (parent function) shifts the function up or down.
· Students should understand the difference between the parent function and what constitutes the inputs and outputs and where the different coefficients would appear versus the generic function and where the different coefficients appear and how to tell the difference.

Prior Knowledge
Before completing this activity, students should have encountered or mastered the following: 
· Applying the definition of a function. 
· Recognizing and using function notation, $$f(x)=y$$, where $$f(x)$$ is not always a specified function.  
· Identifying the difference in input and output values for a function, including from a graph or table. 
· Reading values from a given graph or table. 

Learning Outcomes
· Measurable Outcomes
· Transform a given specific graph and be able to verbally and algebraically describe the transformation.  
· Transform a generic f(x) graph and be able to verbally and algebraically describe the transformation.
· Graph a transformed function.
· Extensions
· An instructor could add portions of the activity using a graphing calculator to show a specific function and its transformations to reiterate the topic. 
· Use graphical transformations to illustrate cofunction identities. 

Elements of Mathematical Inquiry
· Active Learning
This activity is heavily scaffolded in its given form. Even without selecting tasks to perform, the students will need to perform and evaluate those actions. The first part of the activity isn’t deeply conceptual, while the second part might seem so to the students as they apply transformations to different types of questions. These, too, are scaffolded so that selection is minimal with a heavier focus on performance and evaluation. This will help them when they come across other situations which they could use transformations to solve. 
· Meaningful Applications
This activity is a meaningful application of function notation, since the focus of the activity is with general functions (asking them about f(x) + 1 instead of specifying the function each time it is used). This strays from the usual introductory treatment of function notation as something you “plug numbers into.” Additionally, this activity is a meaningful application of piecewise functions and multiple representations of functions. They have likely seen piecewise functions in the sense of being asked to make an equation from the graph OR to make a graph from the equation. They must now move it around graphically and in a table. 

The second part of this activity shows some applications of graphical transformations that are still in the realm of College Algebra/Precalculus. The activity supports doing examples like these as well as helping to solve more difficult problems in calculus which might need a quick visualization of a function which has been transformed from something familiar. 
· Academic Success Skills
The scaffolding featured in this activity contributes to productive struggle, persistence, and perseverance. Productive struggle is supported since the second part of the activity is still difficult, even with scaffolding. The instructions allow them to struggle within a confined space so that there are only so many possible solution paths at the start. This further supports persistence in that students are encouraged to keep working through the possible solutions. This does create a problem in the short term if they intend to go through all possibilities each time, as that is time consuming. If taking this strategy, a few attempts will first, be discouraging, and second, illuminate some patterns which reinforce what the students need to be selecting in which situations. Giving an opportunity to change from one strategy to another will support their perseverance. 

Notice that the scaffolding for the second part of the activity in each of the three problems is roughly the same, even though the problems there and their goals are quite different. Having some basic thoughts in mind (“How is this different from what I have seen before? How does this change my approach? What’s the answer?”) will reduce mathematics anxiety, since they will at the very least have a “first step”, listing how this problem is new or anything they may know about it. 

Recommended Technologies
1. None needed. Scientific calculator optional. For full benefit, graphing calculators should not be allowed. 
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