Lesson plan for Arc Length/ Area of a Sector (The Hexagon Gate)

By: James Schaffer and Kassie Smith

Class: Math II

Class Size: 31 Students

Topic:

· Properties of Circles

· Finding measure of arcs subtended by two radii at a given angle. 

· Finding areas of sectors of circles subtended by two radii at a given angle.

Objectives:

· Use knowledge of properties of circles (radius, circumference, area, diameter, etc.)and their relationships to one another to determine

Standards:

· MM2G3: Students will understand the properties of circles.

· c: Use the properties of circles to solve problems involving the length of an arc and area of a sector.

· d: Justify measurements and relationships in circles using geometric and algebraic properties.

Instructional Tools/Resources:

· Geometer’s Sketchpad

· Projection from computer display

· whiteboards and markers and erasers 

· Task Handout with practice problems 

· Homework Handout

· Timer

Initial Classroom Setup:

· Desks grouped approximately into groups of four

· Dry erase boards and markers not handed out, to avoid distraction from

warmup/initial discussion.

Main Ideas/Definitions:

· Regular Hexagon - hexagon with all sides congruent and all interior angles congruent

· Arc - section of the outer edge of a circle subtended by two points or radii

·  Radius/Radii - line segment(s) from the center of a circle to its outer edge, each radius of the same circle has the same length

· Midpoint - point on a line segment which is equidistant from that line’s endpoints

· Cardinal Directions - north, south, east, west, used as up, down, left, right respectively for this task

· Interior - area which a polygon or other shape encloses

· Area in square feet - measurement of two-dimensional space within given restrictions

· Sector - part of the interior of a circle which is subtended by two radii

· Length of an arc in feet - measurement of the distance along a circle’s circumference between two given points on that circle

Connections to Previous Day:

· Students will use understanding of previously learned definitions of a circle’s radius as a segment from a circle's center to its perimeter.  They will use the fact that this length measure does not change when considering only a sector of that a circle.

· Students will use the previously-learned relationship between a radius and the area of a circle having that radius. (πr²)

· Students will use the previously-learned relationship between a radius and the circumference having that radius. (2πr)

Time Schedule:

· 90 minute class period

· ( < 10 Minutes ) Display EQ and standards for the day before tardy bell and as students are arriving. Leave up during initial welcome, announcements, logistical/housekeeping needs.

· ( 15 minutes ) Display Warmup, field homework/review questions as students work on warmup which is related to homework and previous day’s lesson. Have individual students work warmup problems on board.

· (10 minutes ) Display GSP File (TheHexagonGate.gsp), recruit one student to read first paragraph aloud to class. Animate the endpoints of the fences and have students discuss in their groups what information they think they may need to gather for the task, keep a list, and reconvene to make a class list of ideas. Briefly allow class to agree on a master list of possible needed information, shade regions, trace arcs about which we need to find information.

· ( 10-15 minutes ) Reveal the rest of the text in the GSP file, have same student read rest of task, have one member of each group come to front of room to get a dry-erase board and markers, and let students work in groups to begin solving the task. Monitor class with chart and begin selecting and sequencing student inputs for discussion to follow.

· ( < 10 minutes ) Have class-wide discussion of progress on task. Use monitoring considerations to select groups/group members to share ideas, as well as the order in which to select these contributions. Work from list of questions. Keep list of ideas and progress recorded on the board.

· ( 10-15 minutes ) Have students continue to work in groups using newly-discussed information. Continue to monitor class with chart and continue selecting and sequencing student inputs for discussion to follow.

· ( 10-15 minutes ) Final class-wide discussion of solutions each group arrived at, including full methods leading to such solutions. Make connections between solutions. Show at least one correct solution explicitly on board. Generalize equations for finding arc length and area of sectors of circles using prompts on GSP file:

· Arc Length = (n°/360°)2πr

· Sector Area =(n°/360°)πr²

· ( 5 minutes ) Wrap up discussion, practice problems, assign homework, answer brief last minute questions.

Questions:

· How do we find the area of a circle given its radius?

· How do we find the circumference of a circle given its radius?

· What role does the hexagon play in this discussion?

· Does anyone know the measure of the interior angles of any regular hexagon?

· How can we describe the shapes of the areas of grass being swept over by the gates?

· How do these shapes and the arcs made by the ends of the gates relate to circles?

· How can we use what we know about finding a circle’s area and circumference to solve this problem?

· Do we see a part of a whole anywhere here?

· How do we represent a part of a whole algebraically?

· Can we generalize this problem? Is the answer the same for any wall length of The Hexagon?

· Does the answer remain the same for other polygons?

· What portion of each circle is sectioned off by the sides of the hexagon?

How to Monitor:

· Circulate throughout the room and use chart to monitor student discussions during group work time.

· Use second column to record significant ideas from listening in on group work during the first work time.

· Use third column to record names of students who primarily contributed to explanations of these ideas, as well as potential numerical ordering of these students to sequence these responses.

· Repeat process for second work time using fourth and fifth columns, with more emphasis on finalized student ideas.

Anticipated Student Response:

· Misconceptions:

· Area of the hexagon must be used to complete the task

· There is a particular, previously-learned formula which must be used to complete the task.

· The radius of the sector changes as the fence sweeps back and forth.

·  More information about the hexagon and arcs is needed to complete the task.

· Questions:

· How do we find the area of a sector?

· How do we find the length of an arc?

· How do we find the area of a hexagon?

· What are the interior angles of a regular hexagon?

· What is tracking?

· Representations:

· System of equations (incorrectly)

· Proportions represented by fractions

· An individual drawing of an arc subtended out of a circle by two radii

· Both arcs drawn together with the sides of the hexagon integrated as in the original GSP figure

· Answers:

· (correct solution, incorrect reasoning) Al’s because he charges $85,000π and Bruce charges $85,500π.

· (incorrect solution, incorrect reasoning) Bruce’s because he charges $70 less per foot of tracking, but only $2 more per square foot of grass removal.

· (correct solution, correct reasoning) Al’s because he charges $85,000π ($267,035) and Bruce charges $85,500π ($268,606).

How to Select and Sequence Student Solutions:

· Select solutions which exhibit clear, mathematically correct thinking, as well as some which exhibit unclear and sometimes mathematically incorrect thinking.

· Select a variety of correct solutions from students if a diversity of ways of thinking exist.

· Select incorrect solutions only which have one or two elements which were out of place or misused. The desire is not to create more misconceptions, but to allow correct conceptions to be brought out of initially incorrect solutions.

· Select incorrect solutions from students who are not alienated from the context of the word problem by their non-inclusion in a culture which would easily understand the context of the problem.

· Sequence solutions in a way such that, ideally, some simplistic and correct ideas come first. Then perhaps introduce some more complex ideas that may not exactly be correct, and follow up with more complex/complete ideas that are correct and useful for developing concrete ways of thinking about this problem which have no holes in them.

Transitions:

· Once warmup is complete, have students return to seats if they are not back in seats. Quiet the class and get their attention. Ask for a volunteer to read first paragraph.

· When student finishes reading paragraph, tell students to talk in their groups about what information they feel is important to gather in preparation for this task. Explicitly explain that students are not to begin determining a solution. Set timer.

· When timer finishes, get students’ attention to begin discussion.

· At time of my choosing, prompt students to resume group discussion and set timer again.

· When timer finishes, get students’ attention to begin second discussion about the answer to which company the government should use. 

· Distribute handout and have students write out the formulas 

· Discuss the formulas they came up with and finalize ideas.

· Use final discussion of ideas as segue into practice problems and assigning homework.

Formative Assessment:

· Discussion of warmup

· Fielding homework questions, general review questions

· Conversations with students while circulating during group work time

· Construction of correct solution and final ideas through class-wide discussion

· Student success on practice problems

Tasks:

· IntroandWarmup.gsp

· TheHexagonGates.gsp

· HexHandout.doc

· SectorAreaArcLengthHW.gsp (practice problems to do in class after task)

Plans to Extend/Scaffold:

· Extensions:

· Ask students to generalize this situation. Is it possible to generalize? 

· Do we see different results for different sized hexagons?

· Can you create a regular hexagon where it would be more affordable to hire Bruce to do the work?

· Scaffolding:

· We know that all the interior angles of any regular hexagon are 120 degrees.

· 120 degrees is what portion of 360 degrees?

· What portion of the area/circumference of the circle is in that sector if 120 degrees is one third of 360 degrees?

Alternative Plans:

· We hope to get done with the task early enough to work out practice problems with the students. If time still remains,  we will give out homework early and allow in-class work time.

· If class seems to be taking too long, I see no problem with allowing students to discuss at their tables in their groups until class ends without a “wrap-up”. As long as the conversation is mathematical and progress is being made, students could likely benefit more from discussion up until class ends than from cutting that discussion short for a wrap-up time.

· If technology is not working, a drawn model on the dry erase board, or even the small scale model intended for the student with vision issues would make fine alternatives to the animated GSP illustration.

Closing:

· A quick review of method(s) used to determine solution to the task.

· Practice problems 

· Brief preview of the homework, which will double as a review of what skills were learned and what reasoning was used to determine arc length and area of a sector.

· Hand out homework.

· Class ends, or time to work on homework.

Homework: 

· worksheet from http://www.clackamasmiddlecollege.org/Documents/7.6WS.pdf (the first 8 problems) 

Summative Assessment:

· End of unit test, periodic quizzes.

For Absent Students: 

· Make a pdf of the all the files/ work we did in class. Email to the students

References:

https://www.georgiastandards.org/standards/Georgia%20Performance%20Standards/Math-II-Stds-rev-0409.pdf

Groups: 

Group 1 

1.  Eli 

2.  Michael C

3.  Ariel 

4.  Molly

Group 2 

1.   Scott 

2.  Mason

3.  Victoria

4.  Grace 

Group 3 

1.  Ethan 

2.  Connor 

3.  Kameron 

4.  Isabel 

Group 4 

1.  Luke 

2.  Devin 

3.  Tori

4. Corinne   

Group 5 

1.  William 

2.  Allen

3. Tori  

4.  Ashley 

Group 6 

1.  Chris

2.  Michael P

3.  Jasmine 

4.  Madelyn 

Group 7 

1.  Dylan 

2.  Aaron 

3.  Peyton 

4. Morgan 

5. Jessica 

