PBIT Lesson Planning Guidelines

with Instructional Formative Assessment

	Title:   Riding a Ferris wheel and Transforming Functions

	Grade: 10-12, geometry and above or Integrated Math

	Iowa Core Characteristics of Effective Instruction
	· Student-Centered Classroom

· Teaching for Understanding

· Rigorous and Relevant Curriculum

	Iowa Core Standards for Mathematical Practices
	· Look for and make use of structure

· Model with mathematics

· Look for and express regularity in repeated reasoning

	Iowa Core Standards for Mathematical Content: Domain/Cluster/Standards
	· Algebra/ Model periodic phenomena with trigonometric functions/Choose trigonometric functions to model periodic phenomena with specified amplitude, frequency, and midline.
· Functions/ Build new functions from existing functions/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.

	Prerequisite Knowledge
	· Students should have studied trig functions and transformations, although they need only an elementary understanding of these functions.


	Learning Goals
	Understand that: 

1. Trigonometry is represented and analyzed by using transformations; 
2. transformations and trigonometry is used to model and solve real-world problems; 
3. patterns in graphs, tables, and rules of functions relate to functions’ transformed graphs, tables, and rules.

	Success Criteria
	I can:

1. recognize how the patterns in graphs, tables, and rules of functions relate to the functions’ transformed graphs, tables, and rules.
2. model and solve real world situations using transformations and trigonometry

	Focus Question
	How do modifications in the rule for the cosine function affect the graph?

What particular modifications of the cosine function will produce a function
that models the Ferris wheel situation?



POSSIBLE MISCONCEPTIONS, ERRORS, OR POTENTIAL TROUBLE SPOTS

	Possible Student Misconceptions, Errors, or Potential Trouble Spots
	Teacher Questions and Actions to Resolve Misconceptions, Errors, or Trouble Spots:

	The transformations hardest to understand are #3 and #5 because they both have an opposite affect on the horizontal outcome.   
	Looking at both their graph and table, ask the students to explain what is happening to the x value of the original cos(x) function to get the y value of the new transformed function.


SUCCESS CRITERIA:  
INSTRUCTIONAL FORMATIVE ASSESSMENT STRATEGIES

	Good questions to ask students:
	Possible student responses and actions:
	Possible teacher responses:
What will you do? How will you respond?

	The students will complete the activity sheet #1-6.  As the students are answering questions on the activity, questions the teacher can ask: 

#1 – as cos(x) is graphed, what is the period of the function? What does this mean in relation to the graph?  How does this relate to the Ferris wheel problem?  How does the amplitude relate to the Ferris wheel problem?

#2-#5 How is the change to the formula for f(x) changing the table and graph? Why is this occurring?  How is it affecting the amplitude and period and why?  How will it affect the Ferris wheel problem?
	#1 – period is little more than 6, period is 2pi

#2-graph will go up(add a value) or down(subtract a value) because the y values are increasing or decreasing. Amplitude and period stays the same because shape has not changed, just location.

#3-graph will shift to the right (subtract a value) or left (add a value) because the x coordinate has to be either less (if the value was added to x) or more (if the value was subtracted from x) to get the same y value

#4-graph will stretch or compress vertically by the value proceeding cos(x).  The period stays the same, but the amplitude is stretched or compressed.

#5- If p(x)=cos(bx), then the graph will stretch or compress horizontally by 1/b, because x has to be that many times larger or smaller to get the same y value.  The amplitude remains the same since it doesn’t affect the y value, but the period changes by 1/b.  Since the normal period is 2pi, the new period would be 2pi/b.
	#1 -try to get the student to answer 2pi, by asking questions: “Do you remember working with problems that were periodic that had a period of slightly over 6.  What was that value?  What was the name of that value?

#2-#5

If not getting the right results, I would ask students to use other functions that they have worked with before and see how the transformations have affected those.  Another tech tip: On the TI-84 is an APPS button, scroll down to the bottom selection which is transfrm.  They can also use this selection to help see what each transformation is doing to the graph or table.




LESSON SEQUENCE

(Include plans for adjustments to accommodate all learners)

Launch

	Activities

Teacher will start the class by asking the question:  “How many of you have ridden a Ferris wheel? Describe the process of loading the Ferris wheel.”  We are looking for them to answer that each seat is loaded at the base of the Ferris wheel and once all seats are loaded, the Ferris wheel continues going around in a circular motion.

Distribute the handout, “Riding a Ferris wheel and Transforming Functions” and talk about the following situation:

Suppose that a Ferris wheel with diameter 50 feet makes one complete rotation every 10 seconds and that the ride starts (the last passengers are loaded into their seats) when you are at the top of the ride.  The bottom of the Ferris wheel is 2.5 feet above the ground.  

Take 5 minutes for the students to read a)-d) and discuss at their tables.  

a)  Sketch a graph of the relation between elapsed time and your height above the ground during the ride described in this situation.  Hint:  Make a table of time, height data at quarter intervals around the Ferris wheel.

b)  Is the graph you sketched repeating, i.e., periodic?  What functions do you know that are periodic?

c)  Does the graph you sketched have a maximum value and a minimum value? If so, what are these values?

d)  What do you predict your height above the ground would be if you were 12 seconds into the ride?

      Bring the class together to discuss the four questions.  Look for a graph of a cosine function with a range from 2.5-52.5, knowledge of a periodic function, and note their predictions on the board of the height when they are 12 seconds into the ride.  (NOTE: It is not expected nor likely that students will have exact answers at this time. This is only a quick initial discussion to motivate the problem, get some initial ideas, and see what they already know.)


	Notes
	Materials 
“Riding a Ferris wheel and Transforming Functions”
Document projector

Graph paper

Graphing Calculator or computer software


Explore
Get students engaged in teams in investigating important mathematics. 

Given the student handout, students will find guiding questions in the task where they will have student-to-student communication and a high level of student engagement

Key Ideas
	Key ideas and important points in the lesson:
	Teacher strategies and actions to ensure that all students recognize and understand the key ideas and important points (e.g., ask targeted questions, facilitate mini-summary, point out key problems in the lesson, etc.):

	Looking at both  horizontal and vertical shifts and stretches graphically, numerically, and symbolically.  Use these transformations with a periodic function to solve a real world problem.
	Assign group roles to each group: reader, recorder, coordinator, and quality controller.  Have students discover what happened to the cos(x) function when a value is multiplied or added to the function or the x- value.  Students will be experimenting with the function rule, look at their graphs and the tables developed as they progress through the activity.  As you visit the groups, make sure their transformation conjectures are correct.   Start out by making sure all students know how to use the graphing calculator to graph f(x), setting up the window to see the graph and table or make a tech-tip sheet available for each group. (See attached Tech Tip.)

After the students are comfortable with the function f(x) and problem #1, divide problems #2-#5 up according to the role of the group.  All readers will be working together on #2 (effect of d on y=cos(x) when y=cos(x)+d), recorders on #3 (effect of c on y=cos(x) when y=cos(x+c)) , coordinators on #4 (effect of a on y=cos(x) when y=acos(x)) and quality controllers on #5 (effect of b on y=cos(x) when y=cos(bx)).  After these new groups have developed conjectures for their problem, they will return to their original groups to explain their problems to the others in the group.  After the groups are comfortable with the results from #2-#5, each group will complete problem #6.  

The summary will assess the group’s knowledge of the transformations given in problems #2-#5.


SUMMARIZE:

Provide closure and summary for the lesson, typically teacher led.

Whole class discussion on the following 4 problems:

       Report to the class your findings from 1-5 above, by answering the following general questions.

1)  What happens to the graph of f(x) = cos(x) if the function changes to cos(x) + b or cos(x) – b?

2)  What happens to the graph of f(x) = cos(x) if the function changes to cos(x + b) or cos(x - b)? 

3)  What happens to the graph of f(x) = cos(x) if the function changes to acos(x) when

a<0? When 0<a<1? When a>1?

4)  What happens to the graph of f(x) = cos(x) if the function changes to cos(cx) when 0<c<1? When c>1?

What modification of the function f(x) = cos(x) models your height above the ground as a function of time?  Use your modeling function to predict your height above the ground 12 seconds into the ride.
