sson Planon Plan



	Course:
	BC Calculus (grades 11&12)

	Unit & Lesson:
	Lesson: Riemann Sums
	Block(s): 6/7 
	

	VDOE SOL(s): 

	APC.10	The student will use Riemann sums and the Trapezoidal Rule to approximate definite integrals of functions represented algebraically, graphically, and by a table of values and will interpret the definite integral as the accumulated rate of change of a quantity over an interval interpreted as the change of the quantity over the interval
b
  f '(x) dx = f(b) – f(a).
a
Riemann sums will use left, right, and midpoint evaluation points over equal subdivisions.


	Learning Target:

	How will I know my students reached mastery today?
By the end of class students will be able to use Riemann sums to approximate the area under a curve (using notes).  They will know that they have mastered this by correctly answering the problem for their exit ticket.

	
	


	Teacher:

The teacher will write a warm-up on the board about calculating area under a curve to prompt students to figure out how to calculate area of an unfamiliar shape. 

Warmup: Find the area of the shaded region:
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	Student:

Students will work on the warm-up.
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	Explain & Model
Teacher instructs and models to identify and clarify critical information, definitions, explanations, and new concepts
How are my students actively involved in this part of the lesson?
What questions will I ask to check for understanding?
	Explore & Apply
Teacher acts as a resource provider and guide as students apply new learning.
Am I using a variety of instructional strategies in order to meet individual learning needs?
Are my students engaged in tasks that support the learning target at the appropriate level of rigor?

	 
The teacher will gather examples of how students got their answers, going from least accurate to most accurate (for example: start by looking at a student who calculated area using a triangle then move to a student who used rectangles and then to a student who used trapezoids). 

The teacher will then ask students how to make these approximations more accurate (and if needed, ask questions to get the students to say: divide into more rectangles!) 

The teacher will go back to the students who calculated area by rectangles, and discuss inscribed (below the curve) versus circumscribed (above the curve) rectangles.  The students will determine which were examples of inscribed and which of circumscribed and talk about whether they overestimated or underestimated.  Do inscribed always underestimate and circumscribed always overestimate, or was that just for this problem??  Answer: always! 

The teacher will work through problems calculating area using rectangles with left and right endpoints as well as midpoints as students take notes. (see “teacher work” photo in resources) 

The teacher will show students the Riemann Sums gizmo (see attached pictures) to help them see that as the number of rectangles increases, the accuracy of the approximation increases, and that rectangles created by left or right endpoints either overestimate or underestimate depending on the graph is increasing or decreasing (the teacher will show different regions of the graph to get students to conclude this themselves). The teacher will start by explaining how the gizmo works.  The teacher will ask questions to get kids thinking before they see the gizmo such as “What will happen to the area approximations using left and right endpoints as the number of rectangles increases?” and then show the gizmo (as the number of rectangles increases, the approximations become more accurate and there is less of a difference between these two numbers…the actual area is in between these two approximations)  
	
The teacher will circle the room helping while students algebraically solve problems approximating the area under a curve using left and right endpoints as well as midpoints.

Problem: Find the area under the curve y = 4-x2 from x = -1 to x = 1 with 4 circumscribed rectangles.  Find the area with 4 inscribed triangles.  How do these areas differ?  What happens when you use midpoints?  (see worked out problems in resources)

 The teacher will bring the class back together and go over the problems as a group. 

[Continued on Day 2:] Students will work in groups to write a generic formula to find area under a curve using left and right endpoints as well as a midpoint. 

The teacher will go over these formulas with the class, and students will copy them into their notes. 

	Evaluate & Close
Teacher & students assess understanding and abilities through multiple assessments
How will my students know they achieved mastery today?
How will I know my student reached mastery today?

	Teacher:
The teacher will administer an exit ticket using Plickers (see attached picture) asking students to approximate the area under a curve y = x3 + 2 from x = 0 to x = 3 using inscribed rectangles when dividing the region into 3 rectangles (5 mins)
Answer = (2)(1) + (3)(1) + (10)(1) = 15
	Student:
Students will complete the exit ticket.

	Homework/Review

	





Plan B: If the gizmo doesn’t work, I will draw graphs and Riemann sums using more or less rectangles and increasing and decreasing curves.  Although this is not ideal, I think it would still get the point across and be enough information to have a meaningful conversation.  If the Plickers don’t work, I will have students do the exit ticket on a piece of paper that they will turn in to me.  

Demographics: There are 9 students in this class: 2 are white and 7 are black; 3 are boys and 6 are girls.  No students have IEPs.  About a third of the students took AB Calculus last year and have learned most of these concepts.  Students work in groups and are generally on task and engaged.

Differentiation:  Because students are working in groups, the teacher is able to spend more time with struggling students and ask them questions to help these particular students.  The gizmo is a good way for students to see what happens when we divide a shape into more rectangles.  Although we do not have a class set of computers, a student who needed extra time to process what is happening in the gizmo could come play with the gizmo while others are solving problems.

Resources:

Marley, T. (n.d.).  Area Under a Curve – Day 1 of 2.  Retrieved from http://betterlesson.com/lesson/580696/area-under-a-curve-day-1-of-2

Riemann Sum. (n.d.). Retrieved from https://www.explorelearning.com/index.cfm?method=cResource.dspView&ResourceID=153



Teacher Work – Approximating area under f(x) = x^2 + 4 curve
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Student work – answers 
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Gizmo:   Riemann sum with 2 rectangles		Riemann sum with 30 rectangles
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Plickers: 
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Plickers (2015). Retrieved from http://plickers.com
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What is the Area of the Shaded Region?

f@=x+4
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