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Lesson Plan Analysis
Greg Johnson - T410 Lesson Plan - March 11, 2004
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1. Background

This report reviews a lesson plan culminating in an writing assignment for a tenth and eleventh grade pre-calculus class. My host school mandated a specific writing assignment worksheet used by other pre-calculus sections.  

The mandated topic to cover was "Period and Amplitude of Sinusoidal Functions".  I phrased my objective as:  "Students will characterize the period and amplitude of sinusoidal functions, graphically, by equations, and in words." 

The students had prior knowledge that sin(x) ranged from -1 to +1, and that the sine function repeated every 2π radians.  The textbook (Sullivan & Sullivan, Precalculus, Prentice-Hall, 1998) provided reference and practice problems.  My host teacher had copiously supplemented the text with worksheets.  These students had full command of their graphing calculators.

My plan developed around inductive observations of how settings of amplitude and period related to sine and cosine graphs and to the symbolic form y = A sin((2π/P)x).  
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The text mentioned but in my opinion did not sufficiently model the skill of using the "¼ points" in understanding sine and cosine functions.  Subsequent lessons would add phase shift, vertical shift, and frequency to complete the sinusoid concepts.  

Homework consisted of textbook problems to exercise and check basic skills, and a writing assignment that aimed to develop comprehension by having students contrast sinusoidal functions.   The resulting submissions I assessed first by a traditional scorecard of assignment specs, and again using a "student-friendly" rubric.


2. Annotated Lesson Plan

Posted:

	Objective: Stretch and shrink sine and cosine functions.


MINUTE 0:  Discuss selections from homework due today.

MINUTE 5: Review y = sin(x)

Help me graph a sine function: y=sin x…

What does this look like? 

What is y at x=0?  

Where does it go next? 

What does the first half of a sine function resemble? (hill, parabola)  How is sine different? 

(It repeats…)

Why does it repeat?  

(Appeal to sweeping unit circle definition of sin x ).

(Leave y=sin(x) graph on board for duration of lesson.)

There are some interesting points that help you distinguish a sine function. What are some key points?  (Record in tabular form?)

Cycle
x
y

start
(0)
(0)

¼ 
(π/2)
(1)

½ 
(π)
(0)

¾ 
(3π/2)
(-1)

full
(2π)
(0)

¼ 
(5π/2)
(1)

What does a cosine function look like?  (Sketch)

Connections:  This graph could describe several things that repeat.  This could be a picture of how temperature changes over a day.  Or, I breathe in.  I breathe out.  

What other things exhibit repetitive or sine-like waves?

(Waves on the ocean.  AC current.  Sound waves. Radio waves. Brain waves. Average daily temperatures over a year….)


MINUTE 10:  Amplitude in graphs and equations

Often we want to stretch a sine graph to match some time-related events like temperature, the height of a ball, voltage, population, orbits, or other repeating phenomena.  

First, we can stretch the graph vertically.

By what factors have we stretched these graphs of sin(x)? (Sketch on board, number only y-axis)
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Amplitude is the maximum distance of the sine function from its centerline.  Amplitude measures distance, so amplitude is never negative. 

What are the amplitudes of the above functions?

How do we measure amplitude?  (Not top to bottom, but from centerline out)

What function does it look like I am graphing in the last instance?  (cosine)

How can I tell a cosine graph from a sine graph?

Symbolically, we write y = A sin x,

where Amplitude = |A|

Suppose we start back again with a regular sine wave.

What is the effect on the graph of setting A to 5?  

y = 5sin(x)

What about:  y = ½ sin(x) ?

Can we have a negative amplitude? Can we have a negative "A" in  y = 5sin(x) ?

What about:  y = -5 sin(x) ?

So, what is amplitude?  ("Vertical stretch", "|A|", distance from centerline to peak.)
MINUTE 15: Period in Graphs


We can also stretch a graph horizontally.

Period is the number of x units a function requires to complete a full cycle. In the graph at right, where is a starting point?  Where is ¼ of a cycle?  ½ ?  The full cycle. This graph repeats every five units.  It has a period of 5.

Given a sine graph, what is a way to find its period?  (Measure between peaks)

Any other way?  (Measure between valleys)

Any other way?  (Measure between midline crossings--but don't mistake for ½ point.)

(Sketch another sine graph labeling ¼ point x values.)  

What is the period of this graph?  How did you find that?

(Draw a cosine graph, labeling ¼ points.)  What is the period of this graph?  Why?


My lunchtime has a period of 24 hours.

What is the period of Saturday?  (7 days)  

What is the period of Christmas? (~365 days)

We can also measure period as a length.  This graph on the board (use yard stick) has a period of about (14 inches or whatever).  It repeats about every 14 inches.

MINUTE 20: Period in Equations

You can also find period just from an equation.

What is the period of the plain sine graph, y=sin(x)?
(2π)


Now look at this equation:  y = sin(2π x).  Let's fill out a table:  

How far apart does y=sin(2π x) repeat?

So what is the period of y=sin(2π x)?

Look what happens if I divide by some number:  
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What's y if x=0?  What's y if x=3?  Finish the table:

How far apart does 
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 repeat?
(3)

What is the period of 
[image: image5.wmf]x

y

3

2

sin

p

=

?

(3)

Suppose we try
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.  What is the period?

Suppose we want to write a cosine function with a period of 24.  How?

(
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MINUTE 25: Symbolic Summary & Practice


If I wanted to make a sine graph that had an amplitude of 3 and a period of 7, how would I write the equation?

(
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What would the graph look like if I changed the 3 to -3?  If I changed sine to cosine?

If A is amplitude and P is period, how can we write a general sine equation?
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   With Amplitude = |A|, Period = P, and x in radians.  (Leave displayed)

Guided Practice 1: Graph to Amplitude & Period

Write these down, then check with your group.

Copy this graph on your paper.   (Sketch at right)

Estimate the amplitude:   

(10)     

Estimate the period:   


(24)

How did you find the period?
 (Some students will measure between zeroes, some between peaks, …)

Write an equation for the graph.
(Sketch
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What do you know that has a period of 24?

Guided Practice 2:  Amplitude & Period to Graph.
a. Here's an equation: 
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What is the amplitude?  
(3)

What is the period?

(8)

At what x value is the first peak? ( ¼ of 8 = 2)

Why?
(The peak falls at ¼ of the period.)

At what y value is the first peak? (3)

At what x value does the graph return to the centerline?  ( ½ of 8 = 4)

At what x value is the valley?  ( ¾ of 8 = 6)

What is the y value at the valley? (-3)

What is the x value on returning to the centerline?  (8)

Sketch the graph on your paper.

b. Repeat with 
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MINUTE 35: Individual Practice

Please place last night's homework for pickup.

Complete these four textbook problems as individual practice.  You have five minutes.

p 568 #5 and #6, p 570 #27 and #37.

	"In Problems 1-10, determine the amplitude and 

period of each function without graphing:

5.  y = 6 sin π x.  

6.  y = -3 cos 3 x.

"In Problems 27-36, graph each function by hand.  Verify the result using a graphing utility.

27.  y= 5 sin 4 x.

"In Problems 37-50, find an equation for each graph:


Minute 45: Closure, Homework and Writing Assignments


Discuss four problems.  

Given y = A sin(B x), 

What is the amplitude?  |A|

What is the period? Solve for P in 2π/P = B.

Did you catch that #37 is a cosine function?

Assignment: 

(1) Textbook p 568: #5-14, #27-#46, due tomorrow

(2) Work Sheet:  Simon and the Snoring Pig, due in four days.

Submit a report of mathematical arguments as to 

whether the snores are those of the farmer or of the pig.

I expect to see three kinds of things.  First, appropriate paragraphs of dialogue, perhaps something like a script in a play.  Second, equations, Third, graphs. 

This will be require a whole page, probably two whole pages.  

The report can be handwritten or typed.  Be neat.  Be clear.  

You may want to use colors for your graphs.

You will continue to get textbook homework.  This report is due in four days.

Minute 50: Closing Bell.


Analysis of Lesson Plan

As to current recommendations for learning and teaching mathematics, this lesson demonstrates several.  To summarize the preceding annotations:

· This lesson asked students to use and extend prior knowledge, bridging earlier parts of the curricula through this lesson to subsequent lessons.

· This lesson used open-ended questions, questions that had no single answer, questions that stimulated higher-level thought.

· The lesson made connections to periodic phenomena outside math.

· The lesson used graphical, symbolic, and verbal representations of period and amplitude, involving several learning styles.

· This lesson continually gauged student understanding by questions and guided practice.  Further assessment proceeded via a variety of homework problems including a writing assignment.

· This lesson forwards several NCTM standards, principally  Measurement, Communication, and Representation.  

Lesson Follow-Up

The mandated writing assignment on the following page, Simon and the Snoring Pig, asks the student to compare cosine functions in terms of amplitude and period.  

The assignment does engage students in contrasting functions in three representations:  graphic, symbolic, and verbal.  They could creatively show that Simon's snores--or else the Pig's--matched the recording.

I confess I was concerned that the page-long specification would intimidate several disengaged students.  Other students would find it simply hokey and not give it their best effort, so I thought. Finally I felt that this particular writing assignment offers wasted opportunity by narrowly specifying the mathematical approach and results.  Creativity would show in color graphs and humorous narrative--but not in the math!  I would have modified the assignment to not describe the results of Sarah's "instrument", but to show oscilloscope displays.  However, the other sections were already engaged with the existing worksheet.  

As it turned out, without my enhancements, students responded with appropriate mathematical engagement!  They demonstrated understanding of the focal concepts of period and amplitude.  
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Figure 1.  The writing assignment work sheet, with a student's annotations


Student Responses

(1) During the lesson, students responded adequately most of the time, sometimes enthusiastically.  However, their lack of response required me seriously back up and rebuild to a question. After developing the concept of amplitude, I asked before going on, "So, what is amplitude?"  Silence.  More silence.  I was unable to read whether they were bored after five minutes on this topic, or unable to articulate a graphical or symbolic concept or what.  So I asked, "How does increasing amplitude affect the graph?" 

Paraphrasing the subsequent exchange: "It stretches it vertically."  "So what is amplitude?" "Amplitude is the vertical dimension."  To which I asked, pointing, "From peak to valley?", "No, from the centerline to a peak"  "How does amplitude relate to the equation form?"  "Amplitude is absolute value of the equation."  "Of A?"  "Yes."  "Can A be negative?" "Yes" "Can Amplitude be negative?" "No"

(2) By the lesson's completion, I felt all had demonstrated mastery of my goal for discovery, exploiting the "¼ period points" to characterize sine and cosine functions.  Some showed this verbally.  I followed the host teacher's practice of rotating questions among the seven pods of four students each, with occasional questions to all.   Spot checks of their in-class work verified this for all.  

Later, their graphs on the writing assignment showed dots marking these key points.  See also Figure 2 following.

Generally, the submissions demonstrated that students could apply the concepts of amplitude and period to compare cosine equations, a comparison for which class time provided only parts and concepts.  There were a few glimmers of mathematical creativity. The prescriptive assignment asks students to compare periods. Several students used the device of a skeptical or obtuse Simon and reported in terms of both period and frequency, as in Figure 3.

(3)  In the writing assignment, many students did not coherently identify their goal. A proper goal would be to match a mystery waveform to the pig or to Simon--or conclude that the observation could not be reliably matched.   I was disappointed that despite having had Geometry and being considered upper-track, few students demonstrated a grasp of proof or of persuasive argument.  

In retrospect, a writing assignment is the best place for students to show extended prowess at reasoning and persuasion.  When I give a similar writing assignment in the future, I want to include some rubric starting like this:  "The student will state a goal, and develop an argument with sound mathematical steps to reach that goal…."

As to student errors, I expected I might see graphs lacking scales, labels, or otherwise uninformative.  No students failed to adequately annotate their graphs. I thought perhaps a few students would interpret a frequency as a period, or vice versa.  None did.  I did not anticipate that students would split evenly in choosing a pi-based scale versus a scale of decimal seconds, as in Figures 2 and 3.
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Figure 2.  "Alice's" response
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Figure 3.  "Brianna's" Report
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Figure 4.  "Carl's" Report. 

Student reports were essentially compliant with the assignment specifications.  None ventured extended investigation.  Students missed the opportunity to have a defensive Simon argue that the measurements were too similar to support any conclusion.

Follow-Up Lesson

The subsequent lesson began by examining the textbook problems the students were to have worked overnight.  The sole textbook problem with a negative argument for sine was the only concern, but it took time to discuss. 


"Graph each function and verify with a graphing utility… y = 3/2 sin (-2/3 x)."  

Students' uncertainty was whether the period was "-2/3" or " "-3π/2)" or "-4π/3".  We tried graphing with the most nearly correct factor, and found that the graph matched the requirements.  I asked, can period be negative?  Can I have a birthday every -365 days?  No student admitted changing sin(-x) to -sin(x).  They had covered far more daunting trig identities in the previous chapter.  Once I pointed this out, the concept did not need elaboration.  There was grumbling about the work of converting to  y = -3/2 sin (2/3 x).   I pointed out that this led might change -A to +A, and possibly simplify graphing.  We also worked on the concept of beating the equation into standard form so we finally identified P = 4π/3 and A = -3/2.

Collected homework showed few errors.  We discussed the writing assignment.

This follow-up lesson proceeded to add the concepts of first "vertical shift", and then "horizontal shift" aka "phase shift".  Vertical shift was easy.  As I expected, students "got" the concept of phase shift but struggled with implementation due to the complication of  scaling to 2π.  I started by showing how horizontal shift worked with parabolas: y=(x)2, then y=(x-3)2, then y=(x-5)2.  Students supplied the generalization that h in y=sin(x-h) shifted the graph right h units.  The students appreciated that the one-hump parabola was easier to track than the many-humped sine function.

Thus, in terms of the general sinusoidal function, "y = A sin(B(x-C)) + D", we introduced the parameters in the order A and B on the first day, then D and C on the second.  This developed naturally from student's prior acquaintance with y=sin(x) and y=A sin(x) and to begin the two classes with the easier of the parameters, A on the first day, and D on the second.  I feel it is motivating to give students each day an early chance for success and comprehension.  Subsequent lessons exercised identifying amplitude, period, vertical shift, and phase shift from graphs, graphing by hand from a set of parameters, and finally applications to periodic phenomena.   The lesson concluded with a worksheet asking students to find amplitude, period, vertical shift, and phase shift for graphs, or to sketch graphs given these parameters.  For this lesson I still felt it was quite important for students to be able to discern the relations of parameters and graphs without a calculator's verification. The previous assignment had opened the door to calculators, and I observed two students using them, but refrained from comment since they also seemed to be handling the manual concepts adequately.


A Connection Statement

This lesson plan artifact can be used by MOSTEP 1.2.4 (Planning), 1.2.5 (Instructional Strategies), and 1.2.8 (Assessment).  Here is part of 1.2.4 referencing this artifact.

	Quality Indicator 1.2.4:  The pre‑service teacher recognizes the importance of long‑range planning and curriculum development and develops, implements, and evaluates curriculum based upon student, district, and state performance standards.

Meets the Standard:  The pre-service teacher is aware of state and district knowledge and performance standards and considers those, as well as student needs, when planning lessons.  Instructional planning and implementation consider individual student learning styles and are constructed to build student skills in developmentally appropriate ways.  During implementation, the pre-service teacher demonstrates flexibility by evaluating and changing long-& short-term goals and/or instruction to meet student needs.




My use of long-range planning and curriculum I will demonstrate by the following artifacts:


Lesson Plan Analysis


[…]

These lesson plans and included student work demonstrate my awareness of state and district standards for student knowledge and performance, and of needs of the particular student. These also show my flexibility in assessing and accommodating student learning needs.

1.2.4.1
The pre-service teacher selects and creates learning experiences that are appropriate for curriculum goals, relevant to learners, and based upon principles of effective instruction (e.g., encourages exploration and problem solving, building new skills from those previously acquired).

As noted in "Background" at the beginning of this sample lesson plan, this lesson was presented in synchronization with other sections of pre-calculus in the same school system.  These in turn accord with Missouri Grade Level Expectations for 12th Grade Algebra, also listed on page 1.  I refined the topic "Period and Amplitude of Sinusoidal Functions" to a deliverable objective:  "Students will characterize the period and amplitude of sinusoidal functions, graphically, by equations, and in words."  Though useful to me, I further refined for student consumption the posted objective:  "Stretch and shrink sine and cosine functions."   This objective activates students' prior knowledge particularly with sine and cosine functions and dilations in algebraic geometry.  

I was careful to start the lesson with questions that referenced this background knowledge.  These also informally assessed that students indeed had skills needed for the rest of the lesson.  Questions are often open-ended:  "Help me graph a sine function: y=sin x…

What does this resemble? … Why does it repeat?…"  These questions aim to provoke comprehension and critical connections in the higher levels of Bloom's taxonomy.  Speaking of connections, I sought student insights into what "wave" phenomena sine functions could model.   The initial dependence on me modeling analysis and graphing shifted to the students analyzing and graphing first as small groups then individually.

1.2.4.2
The pre-service teacher creates lessons and activities that recognize individual needs of diverse learners and variations in learning styles and performance;

Symbolic representation "y=A sin 2π/P x" appeals to a few students, but not to all.  Therefore the lesson alternated among symbolic, graphic, and verbal representations of the amplitude and period for the sine function.  I encouraged students with verbal gifts to observe that period was measured as one complete cycle.  The graphically minded could observe that period was measured from "here" (peak) to "here" (next peak), or from "there" (upward zero crossing) to "there" (next upward zero crossing).  The symbolically-inclined might note that the period of the function had to be scaled by  2π.  Besides discussing the concepts, students also solved problems on paper both as groups and as individuals.  This practice also allowed me to gauge their comprehension or any misperceptions.  In lessons following this one, we used pendulums, springs, and sound to actively involve students in applications of periodic functions.

1.2.4.3
The pre-service teacher evaluates plans relative to long and short‑term goals and adjusts them to meet student needs and to enhance learning.

Knowing that certain topics will be covered later, in an appropriate context, has lessened my natural tendency to overwhelm students with tangential concepts.  In this lesson on page 4, I chose examples to steer students away from confusing "period" with "frequency", a concept I planned to cover a few days later.  

As focused as this lesson was, I was not able to model all details that students would encounter in problem-solving.  When we discussed homework the next day, we found disagreement (page 13) concerning  amplitude and period of  y = 3/2 sin (-2/3 x).  Having solved simpler problems on the topic at hand, and having studied trigonometric identities, students were ready to consider nuances. We spent time admitting that this equation could be re-written, 
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, and then time deciding that it should be so re-written.

The writing assignment associated with this lesson aimed to engage the descriptive abilities of students, and so it did.
Appendices:  Assessment, Reaction, & Long-Range Planning

I used this same Amplitude and Period assignment in Fall 2003 to explore rubrics for assessing open-ended questions.  This yielded a discovery of "Student-Friendly Rubrics".   I found those results provocative and relevant to analysis of my lesson plan.  Also, to offer more support for my connection statement, I include lesson plans for lessons that followed the "Amplitude and Period" lesson analyzed in the body of this report. 

Appendix 1: Assessment Via Compliance Scorecard

My host teacher asked me to grade the writing assignment on a fifteen point scale, with ten points for compliance of the graph and mathematical content, and five focusing on the script's argument.  A compliance-based scorecard makes sense if the assignment is sufficiently detailed, and the instructor believes those details are the matters to be assessed.

  Points
Compliance with Specification


2
Display and correctly contrast both amplitudes


2
Display and correctly contrast both periods


2
Display both corresponding equations


3
Correctly graph both equations; adequately label scales and 



other graph features;  show three or more cycles. 


1
Mention any common features or assumptions of both functions.


2
Emphasize two differences (amplitude and period).


1
Explain equations


1
Use terminology that another trigonometry student could understand.


1
Give a succinct conclusion and closure.


1
Any useful extensions beyond required specifications: 



Display both period and frequency;  Display data table.

An ideal open-ended activity may yield student solutions that are difficult to anticipate.  These must be judged on general considerations of quality--a rubric.

Appendix 2:  Assessment Via "Student-Friendly Rubric"

This collection of rubrics for open-ended assignments awed me but left me vaguely unsatisfied:

 http://intranet.cps.k12.il.us/Assessments/Ideas_and_Rubrics/Rubric_Bank/rubric_bank.html

I found at http://www.isbe.net/assessment/math.htm, also for Illinois, a set of "Student-Friendly Rubrics".  These equip students to assess themselves in the three dimensions of mathematical knowledge, strategic knowledge, and communication.  A student can use this as a checklist before submitting an assignment.  On receiving a graded assignment back, the student can see clearly from the score, without extensive teacher elaboration, what the student can do to improve.  To the original rubric I added at the top level a goal to consider more than what an assignment requires.  See Figure 6.

A fortunate aspect of this assignment is the requirement that Sarah will explain her argument in terms "understandable to a farmer who has taken trigonometry".  Thus, I was able to indirectly observe the student's strategy, and directly observe communication skills.

The submissions received were uniformly compliant with the mathematical requirements of the assignment.  One student (Figure 5) submitted a numerically correct graph but no narrative and no equation, and received the fewest non-zero points.  There were several no-shows.  Students varied greatly in their writing quality, from the mathematically accurate but inarticulate narrative in Figure 4, to a mini screenplay involving Sarah, Simon, and the pig.  Only one submission used computer word processing, and all graphs were hand sketched in 1:1 aspect ratio.

[image: image22.png]



Figure 5. "Dillon's" report - only this graph.

	GRADE 8 "STUDENT-FRIENDLY" MATHEMATICS SCORING RUBRIC

	Points
	Mathematical Knowledge 

(Do I know it?)
	Strategic Knowledge 

(How do I plan?)
	Explanation
(Can I explain it?)

	4
	· I  get the right answer, and I label it correctly. 

· I use math terms correctly to show I understand how math works. 

· I compute with no errors.

· I consider multiple ways to represent and solve the problem.*
	· I find all important parts of the problem.  I know how they go together. 

· I show all the steps I use to solve the problem. 

· I explain work I do in my head or with a calculator. 

· I completely show pictures, diagrams, models, or computation if I use them in my plan.

· Having done what is required, I consider more than what is required.* 
	· I write what I did and why I did it. 

· If I use a drawing, I can explain all of it in writing. 

	3
	· I use most math terms correctly. 

· I make minor errors in computation. 
	· I find most of the important parts of the problem. 

· I show a reasonable plan and most of the steps I use to solve the problem. 

 
	· I write mostly about what I did. 

· I write a little about why I did it. 

· If I use a drawing, I can explain most of it in writing. 

	2
	· I know how to do parts of the problem, but I make major errors in computation and get a wrong answer. 

· I give a wrong answer or only part of the answer. 
	· I find some of the important parts of the problem. 

· I show some of the steps, but my plan is not clear. 
	· I write some about what I did or why I did it but not both. 

· If I use a drawing, I can explain some of it in writing. 

	1
	· I try to do the problem, but I do not understand it. 
	· I find almost no important parts of the problem. 

· I show a plan that is not reasonable. 

· I show almost none of the steps I use to solve the problem. 

· I may include unnecessary information. 
	· I write or draw something that does not go with my answer. 

· I write an answer that is not clear. 

	0
	· I do not try to answer the problem. 
	· I do not show a plan. 
	· I do not explain anything in writing. 


Figure 6.  Adapted (with two * additions) from Illinois State Board of Education, www.isbe.net/assessment/math.htm, accessed December 2003.  

	Student
	Compliance

Points
	Rubric: Mathematical
	Rubric: Strategy:
	Rubric:

Communication
	Rubric: Total

	"Alice"
	14/15
	3
	3.5
	3.5
	10/12

	"Brianna" - Added explanation via table, period & frequency.
	15/15
	4
	4.0
	3.0
	11/12

	"Carl" - Fragmented narrative.
	11/15
	3.5
	3.5
	2.0
	9/12

	"Dillon" -  Missing narrative!
	5/15
	3.0
	0.0
	0.0
	3/12


 Figure 7. Scoring of samples.

The rubric assessment of mathematical knowledge is a little more discriminating than my compliance scorecard, in that it reflects "Briana's" extra effort in using several representations of the data.  Strategy is more of a subjective judgment of how well the student's narrative compares and contrasts the two periodic functions.  No student in the class really dealt with the specification, "determine what characteristics, if any, Simon's snore and the pig's snores have in common."  Nor did they perfectly offer "an explanation of how you obtained your equations."  So communication scores are where students tended to loose the most points, as listed in Figure 7.  I chose to weight the three scales equally in the total.

Grades returned to students showed the compliance score, not the rubric score, in accordance with the student's and host teacher's expectations.

Rubric Reflections

A rubric should shape the phrasing of assignments.  The Snoring Pig assignment might have offered more structure, a mystery snore to compare with the reference snores.  The assignment might offer less guidance on how the students are to characterize differences--amplitude and period--and simply say, show as many differences as you can.  Students might consider then such characteristics as frequency, area of the curves, volume of air moved, and error factors.

Students do not learn by doing activities, whether highly prescribed or ambitiously open. Students learn by thinking about what they are doing.  

Reflecting is something even lagging students can do. They can try to articulate why they are stuck, list parts of the activity they have discerned.  If complaining or making excuses leads to insight, all the better.  I admire the "strategy" aspect of this rubric for making such reflection a part of every assignment.  I plan to discuss with my host teacher how I can best phase in such innovation.

Graph of sine or cosine function.





Key points at  


x = beginning, ¼, ½, ¾, and end of period





Symbolic form  


y = A sin((2π/P)x) 





Words or problem context for Amplitude and Period





The intro touches on  connections to previous math topics, and to modeling the physical world.  I am finding that 'usefulness' often works best not as motivation but as a reinforcer after initial abstract investigation. 
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¼ cycle








½  cycle








¾  cycle








full cycle








start








The text book is traditional in defining a term before explaining it.  Here I use integrated math practice which follows the natural order:  First, students see a concept in several contexts and representations. Then, label the concept and learn the conventional name.





AMPLITUDE





AMPLITUDE





A graphical approach offers an alternate definition.  Alternate perspectives can uncover misconceptions.  Students might parrot "Amplitude=|A|" but still  measure amplitude from peak to valley.  In class I was glad students showed correct comprehension.  However, on a subsequent quiz some claimed that -6sin(x) had an amplitude of -6.  I should have kept reviewing after this lesson!





Students did not reply when asked, "What is amplitude?"  perhaps because there are several adequate answers.


I retreated to, "How does changing amplitude change the graph?" and got appropriate responses.
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More connections.  


Examples aimed to solidify "period" but avoid opening the topic of "frequency".  Relation of period and frequency would be a topic two days later.  I've learned to plan and avoid diluting topics by following every relation.





 y = sin(2π x)	x


		0


		¼


		½


		¾


		1
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		0
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		6


		9














Technology--or lack thereof.  I was tempted to let the calculator verify that our graphs were correct.  But I wanted students to confidently, manually plot the five points that define a sine or cosine graph. I modeled this skill then let them practice it.  In later lessons we used graphing calculators, pendulums & springs.  





�EMBED Word.Picture.8���





I predicted that associating period, its graph, and period's place in the sine or cosine equation was the biggest challenges for this lesson.  





Using the strategic "¼  points"  to make plots and interpret plots required repeated modeling.  Students did display this habit in their practice.





This clocked as Minute 42 out of 50!  I could omitted the 2nd example at Minute 20. Lesson closure though accomplished was rushed. 
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Students correctly solved these practice problems and to the closure questions. 


Students picked period 5 out of sin(2π/5 x). 





This was fortunate, because I had used time I intended to reserve to correct any misconceptions.  I deferred discussing the writing, assignment beyond saying it was due in four days.





The next day, students had read the longish writing assignment and asked appropriate questions.





� EMBED PBrush  ���





This is the first lesson in a series that would explore periodic functions and their applications apart from solving triangles.  The pre-calculus students had already studied radian measure,  translation and dilation, trig identities, and triangle solution.





I like to set for students a lesson objective that should be meaningful to them, as opposed to "We will learn about amplitude and period."   My crudely-stated objective both activates prior knowledge and  establishes expectations for the hour. At the end, students should be able to summarize the essence of the lesson with formal terms such as "amplitude" and "period".





Questions that appeal to both verbal and visual learning aim to engage most students.  Most of these questions are open-ended, requiring whole sentences or sometimes pictures for reply.  These also serve as informal assessment, that students know sine values at key points such as π/2. I was prepared to re-teach a bit.





Mathematics Grade Level Expectations 


Missouri Department of Elementary and Secondary Education





Algebraic Relationships 


Grade 12:


understand and compare the properties of exponential, polynomial, rational, logarithmic, and periodic functions;


describe the effects of parameter changes on polynomial and periodic function;


use symbolic algebra to represent and solve problems that involve periodic relationships;


analyze rational, polynomial and peri�odic functions by investigating rates of change, intercepts and asymptotes;


perform simple transformations and their compositions on linear, quad�ratic, logarithmic, exponential, rational and periodic functions;





http://dese.mo.gov/divimprove/curricu lum/GLE/MathFinalGLE_3.2.04.pdf ; updated March 2, 2004, page 8 ff.
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