Lesson Plan: Measuring Angles (This lesson should be adapted, including instructional time, to meet the needs of your students.)
	Background Information

	Content/Grade Level

	Mathematics – Grade 4
Note:  This could easily be a two-day lesson.

	Unit/Cluster:

	4.MD.C Geometric Measurement: Understand Concepts of Angle and Measure Angles

	Essential Questions/Enduring Understandings Addressed in the Lesson


	Essential Questions
· Why do I measure angles?
· Why do I need standardized units of measurement when measuring angles?
· How does what I measure influence how I measure?
· What types of problems are solved with measurement?
· What are tools used to measure angles and how are they used?
· When is an estimate more appropriate than an actual measurement?
· What strategies help estimate measurements of angles?
· When will I use angle measurements in real-life problem solving

Enduring Understandings
· Measurement describes the attributes of objects and events.
· Standard units of measure enable people to interpret results or data.
· All measurements have some degree of uncertainty.
· Objects can be described and compared using their geometric attributes.
· The choice of measurement tools depends on the measurable attribute and the degree of precision desired.


	Standards Addressed in This Lesson



	· 4.MD.C.5-7 Recognize angles as geometric shapes that are formed wherever two rays share a common endpoint, and understand concepts of angle measurement.
· 4.MD.C.5a An angle is measured with reference to a circle with its center at the common endpoint of the rays, by considering the fraction of the circular arc between the points where the two rays intersect the circle. An angle that turns through 1/360 of a circle is called a “one-degree angle,” and can be used to measure angles.
· 4.MD.C.5b An angle that turns through n one-degree angles is said to have an angle measure of n degrees.
· 4.MD.C.6 Measure angles in whole-number degrees using a protractor. Sketch angles of specific measure.

It is critical that the Standards for Mathematical Practice are incorporated in ALL lesson activities throughout the unit as appropriate.  It is not the expectation that all eight Mathematical Practices will be evident in every lesson.  The Standards for Mathematical Practice make an excellent framework on which to plan your instruction.  Look for the infusion of the Mathematical Practices throughout this unit.


	Lesson Topic

	Measuring Angles

	Relevance/Connections


	· Clocks are circles and the hands form different types of angles as they move around the clock face
· In various sports, athletes often refer to “doing a 360, a 180,” etc.  and they are referring to the amount of turns around a circle they are completing.


	Student Outcomes



	The student will:
· Explain that an angle is made by two rays with a common endpoint (vertex).
· Use a protractor to measure angles which are presented in a variety of orientations to the nearest degree.
· Sketch angles of various specified measures.

The student will understand:
· There are 360 in a full circle.
· A 1 angle that turns 90 times through the circle is a 90 angle and so on.
· Angles are measured in degrees.
· Benchmark angles of 180, 90 and 45 are helpful when classifying and measuring angles.


	Prior Knowledge Needed to Support This Learning



	Students should have experiences with the following prior to this lesson.
· Types of angles: acute, obtuse, right, straight angles
· Understanding that two rays that share an endpoint (vertex) form an angle 
· Sorting quadrilaterals by types of angles

Note:  Prior to the lesson, consider having struggling students/ELL students view one of the video clips listed in the Motivation section to frontload the idea of angle measures in the real world so that they can contribute to the brainstorming discussion.



	Method for determining student readiness for the lesson
	Materials Needed:
· Resource Sheet 1: Background Information for the Teacher (Read prior to lesson.)
· Resource Sheet 2: Pretest 
· Resource Sheet 3: Pretest Answer Key

Directions:
· Distribute Resource Sheet 2: Pretest to students.
· Allow time for them to complete the Pretest.
· Review their responses based on the notes on Resource Sheet 3: Answer Key and plan interventions as needed.




	Learning Experience

	Component
	Details
	Which Standards for Mathematical Practice(s) does this address? How is the Practice used to help students develop proficiency?

	Warm Up

	Materials Needed:
· Judy clocks (one per student and teacher)

Directions
· Review the types of angles including straight angles – asking students to move the hands of clock to form different angles.

	SMP 5: Use appropriate tools strategically
· Students will use clock hands to model and to visualize different angles

	Motivation



	Materials Needed
One of these video clips:
· Kobe Bryant 360 degree dunk 
http://www.youtube.com/watch?v=jfD8aWe1QdA
· Vince Carter 360 degree dunk 
http://www.youtube.com/watch?v=4rLL_g3GZtg
· Vince Carter 180 degree dunk 
http://www.youtube.com/watch?v=7mG4MmddLos


Directions:
1. Have students brainstorm in pairs or trios:  When have you heard 360, 180, 90 degrees?
(Example:  Doing a 360 or a 180 in sports such as basketball or ice skating)
2. Optional:  After students have had a few minutes to brainstorm, view one of the video clips listed below:
· Kobe Bryant 360 degree dunk 
http://www.youtube.com/watch?v=jfD8aWe1QdA
· Vince Carter 360 degree dunk 
http://www.youtube.com/watch?v=4rLL_g3GZtg
· Vince Carter 180 degree dunk 
http://www.youtube.com/watch?v=7mG4MmddLos

	SMP 4: Model with mathematics
· Students list real-world situations that connect to angle measures

	Activity 1 
UDL Components
· Multiple Means of Representation
· Multiple Means for Action and Expression
· Multiple Means for Engagement
Key Questions
Formative Assessment
Summary

	Materials Needed:
· Straws (two or each student)
· 3-inch pieces of pip cleaner (one for each student)

Part 1
Each student makes an “angle explorer”
· Give each student 2 straws and a length of pipe cleaner approximately 3 inches long.
· [image: ]Students bend the pipe cleaner in half and insert each end into the straws.






Part 2
· Have students show different types of angles with their angle explorer (acute, obtuse, right, straight)
· Discuss:  Angles are formed by two rays sharing an endpoint like two clock hands.  Have students identify the vertex and the two rays on their angle explorer.
· Have students work in pairs.  
· Give students different times such as 1:15, 12:30, 2:35.  Students should move the clock hands to the given times and match with angle explorer.  Have them identify the types of angles formed with their partner.

	SMP 2: Reason abstractly and quantitatively 
· Students explore the relative size of angles based on the degrees of the angles.

SMP 6: Attend to precision 
· Students use appropriate symbols () and unit of measurement (degrees).

SMP 7: Look for and make use of structure
· Students recognize that a 45 is half of a 90 angle and so on.
· Students recognize that a 90 angle is still a 90 angle regardless of its orientation.
SMP 8: Look for and express regularity in repeated reasoning
· Students understand that an angle that turns through n one-degree angles is said to have an angle measure of n degrees.

	
Activity 2

UDL Components
· Multiple Means of Representation
· Multiple Means for Action and Expression
· Multiple Means for Engagement
Key Questions
Formative Assessment
Summary






	Materials Needed:
· Resource Sheet 4: Paper Circle (one circle for each student)

Directions:
· Ask students if they know how a circle is measured.  Refer back to the Motivation Activity.
· Discuss that a full circle is 360 and that circles and angles are measured in degrees.  The angle measurement is measuring the spread of the rays in a circle.  Introduce the degree symbol.  Relate to clocks and the movement of the clock hands.
· Give each student a paper circle with the center point marked from Resource Sheet 4: Paper Circle. 
· Have students fold the circle in half and then trace over the line.  Encourage them to be as exact as possible.  
· Ask:  If a circle equal 360, what would ½ circle equal?
· Label half circle 180. (See example.)
· Have students fold circle in ½ again, creating four sections and trace over the line.
Ask:
· How many sections do you have now?  (4)
· What fraction of the circle would one section be? (1/4)
· Remember that half of a circle is 180 so how many degrees would ¼ of a circle be? (90)
·  What fraction of the circle is 90 (1/4)
· A full circle is 360.  Is 90 ¼ of 360?
· Have students label 90  on their circle.









Note:  Students who have difficulty visualizing the parts of a circle could color the angles as shown above.

· Have students use their angle explorer from Activity 1 to form 90 angle and a 180 angle and lay on top of the lines on their circle to model the two types of angles. 

	SMP 1: Make sense of problems and persevere in solving them.
· Students analyze the relationship between the sizes of different angles (< 90, > 90, etc.)
SMP 2: Reason abstractly and quantitatively
· Students explore the relative size of angles based on the degree of the angle
SMP 6: Attend to precision
· Students use appropriate symbols () and unit of measurement (degrees)
SMP 7: Look for and make use of structure
· Students recognize that a 45 is half of a 90 angle and so on.
· Students recognize that a 90 angle is still a 90 angle regardless of its orientation.

	Activity 3

UDL Components
· Multiple Means of Representation
· Multiple Means for Action and Expression
· Multiple Means for Engagement
Key Questions
Formative Assessment
Summary
	Materials Needed:
· Wax Paper Squares (one for each student)
· Resource Sheet 5: Angle Worksheet
· Resource Sheet 6: Making a Wax Paper Protractor (one for the teacher)

Making and Using a Wax Paper Protractor
1. Pass out square of wax paper and Resource Sheet 5: Angle Worksheet (which displays 3 circles – ¼, 1/8, 1/16).
2. Using the beginning directions on Resource Sheet 6: Making a Wax Paper Protractor, ask students to fold the wax paper in half and then in half again.
3. Once students have folded the wax paper twice, making fourths, have students lay their “protractor” on the paper circle showing fourths on Resource Sheet 5: Angle Worksheet.  
4. Model how to line the vertex up and rotate it around the circle 4 times to complete the circle.  
5. Have students verbalize that it is fourths because there are four sections and the protractor needs to be rotated 4 times to cover the four sections.
6. Have students fold the wax paper again and repeat step 3 for eighths, as stated on Resource Sheet 6.
7. Have students fold the wax paper again and repeat step 3 for sixteenths.
8. Discuss:  Could students continue to fold the wax paper, making smaller and smaller “wedges”?  (Theoretically, yes.  They can’t with the wax paper because the wedges become too small to fold anymore.)
9. Ask:  
· How many “wedges” in a full circle?  (360)  
· How do you know?  (360 in a circle)
· What is the measure of each of these wedges? (1)

	SMP 1: Make sense of problems and persevere in solving them.
· Students analyze the relationship between the sizes of different angles (< 90, > 90, etc.)
SMP 2: Reason abstractly and quantitatively
· Students explore the relative size of angles based on the degree of the angle
SMP 5: Use appropriate tools strategically
· Students understand that a protractor is the appropriate tool to measure angles and the unit of measurement is degrees
SMP 6: Attend to precision
· Students use appropriate symbols () and unit of measurement (degrees)
SMP 7: Look for and make use of structure
· Students recognize that a 45 is half of a 90 angle and so on.
· Students recognize that a 90 angle is still a 90 angle regardless of its orientation.

	Closure
	Materials Needed:
· Resource Sheet 7: Exit Ticket

Wrap Up:
1) Distribute Resource Sheet 7: Exit Ticket and allow time for students to complete it. 
2) Collect the Exit Ticket from each student and ask them to join you up front for a class discussion.
3) Discussion:  Refer back to the motivation.  
· Talk about why something is called a 180, a 360, etc?  
· What would two complete turns be called?
· Show clip of Shaun White doing a 1260.  
http://www.youtube.com/watch?v=qIr2ki4nWkU 
http://www.youtube.com/watch?v=oF-jmHTYLBQ 
· Ask student how many turns is a 1260?  Prove your answer.

	SMP 3:  Construct viable arguments and critique the reasoning of others
· Students justify their reasoning when discussing types of angles in the real world.
SMP 4: Model with mathematics
· Students apply the math they know to solve problems arising in everyday life




	Supporting Information

	Interventions/Enrichments
· Special Education/Struggling Learners
· ELL
· Gifted and Talented

	Special Education/Struggling Learners and ELL students:  
· Prior to the lesson, consider having struggling students/ELL students view one of the video clips listed in the Motivation section to frontload the idea of angle measures in the real world so that they can contribute to the brainstorming discussion.
· Students who have difficulty visualizing the parts of a circle could color the angles as shown in Activity 2
ELL students
· Provide a vocabulary sheet identifying and illustrating the different types of angles (acute, obtuse, right, straight)
Gifted and Talented
· Babylonians – share what they learn
· Challenge problems are included on the exit slip for enrichment purposes

	Materials
	· Resource Sheet 1: Background Information for the Teacher (Read prior to lesson.)
· Resource Sheet 2: Pretest 
· Resource Sheet 3: Pretest Answer Key
· Judy clocks (one per student and teacher)
· One of these video clips:
· Kobe Bryant 360 degree dunk 
· http://www.youtube.com/watch?v=jfD8aWe1QdA
· Vince Carter 360 degree dunk 
· http://www.youtube.com/watch?v=4rLL_g3GZtg
· Vince Carter 180 degree dunk 
· http://www.youtube.com/watch?v=7mG4MmddLos
· Straws – 2 per student
· 3-inch length of pipe cleaner – 1 per student
· Resource Sheet 4: Paper Circle (one circle for each student)

· Wax Paper Squares (one for each student)
· Resource Sheet 5: Angle Worksheet
· Resource Sheet 6: Making a Wax Paper Protractor (one for the teacher)
· Resource Sheet 7: Exit Ticket


	Technology

	Links for Motivation Activity:
· Kobe Bryant 360 degree dunk  http://www.youtube.com/watch?v=jfD8aWe1QdA
· Vince Carter 360 degree dunk  http://www.youtube.com/watch?v=4rLL_g3GZtg
· Vince Carter 180 degree dunk  http://www.youtube.com/watch?v=7mG4MmddLos


	Resources
(must be available to all stakeholders)

	Measuring Angles with a Protractor:  
www.mathplayground.com/measuringangles.html 
Practice reading a protractor.  The protractor is already lined up with the vertex of each angle, but the protractor needs to be rotated into the proper position.  The angle measure is reported in whole numbers and the margin of error is only 1.
 
Alien Angles game:
www.mathplayground.com/alienangles.html 
Alien Angles game:  Practice estimating angles with this game. It is challenging and some students might find it frustrating.
 
Creating Practice Worksheets:
www.worksheetworks.com/math/geometry/measuring-angles.html  
This site allows the teacher to create a practice worksheet that provides students with a set of angles that they measure with a protractor.  Teachers are able to specify the range of angles used on the worksheet and are able to make the measuring easier by not rotating the angle, which will keep the base of the angle always horizontal on the worksheet.  
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Resource Sheet 1            Background information for the teacher

Mesopotamia Mathematics and the 360-Degree Circle
[image: http://factsanddetails.com/media/2/20120208-planisphere_.jpg] 
[image: http://factsanddetails.com/skins/country/images/pmark.gif] The Mesopotamians are credited with inventing mathematics. The Mesopotamians numerical system was based on multiples of 6 and 10. The first round of numbers were based on ten like ours, but the next round was based on multiples of six to get 60 and 600. Why it was based on multiples of six, no one knows. Perhaps it is because the number 60 can be divided by many numbers: 2, 3, 4, 5, 6, 12, 15, 20 and 30.
[image: http://factsanddetails.com/skins/country/images/pmark.gif] The Sumerians developed a numerical system based on 60. The base 6 numerical system is the reason why Babylonians chose 12 months instead of 10 for their calendar and why hours and minutes are divided into 60 units and why we have dozens and a circle has 360 degrees. Babylonian astronomers knew the true number of days in a year, but kept it at 360 because that number was believed to be possessed with magical properties.
[image: http://factsanddetails.com/skins/country/images/pmark.gif] Babylonians devised the system of dividing a circle into 360 degrees (some say it was the Assyrians who first divided the circle). The tiny circle as a sign for a degree was probably originally a hieroglyph for the sun from ancient Egypt. A circle was used by the ancient Babylonian and Egyptian astronomers to the circle the zodiac. The degree was a way of dividing a circle and designating the distance traveled by the sun each day. It is no coincidence then that the number of degrees in a circle (360) corresponds with the days of the year on the Babylonian calendar.


Source:  http://factsanddetails.com/world.php?itemid=1511&catid=56&subcatid=363 


Resource Sheet 2:                                         Pretest
     
Name ___________________________            Date _____________________


Directions:  Name the types of angles shown below.





1.					2.					3.			








4.					5.					6.			


Directions:  Answer questions 7-12 by listing the letters of the appropriate quadrilaterals.
[image: ]










7. Which quadrilaterals have only right angles? 						

8. Which quadrilaterals have at least one acute angle? 					

9. Which quadrilaterals have at least one obtuse angle? 					

10. Which quadrilaterals have at least one right angle? 						

11. Which quadrilaterals have at least one acute, one obtuse and one right angle? 			

12. Which quadrilaterals have acute and obtuse angles? 					
Resource Sheet 3:                               Pretest - ANSWER KEY

[image: ]


 































Teacher Note/Look fors:
· Did students generally know the different types of angles?
· If students thought #2 is an acute angle and #6 is an obtuse angle, they might have a misconception that the length of the rays determine what type of angle it is.
· Did students recognize #4 is a right angle and quadrilateral G has a right angle?  (Right angles that are oriented differently than what they are used to.) If so, these students might need more work focusing on attributes of polygons regardless of orientation, i.e., tracing square pattern blocks with different orientations, etc.
· Did students see the connection between their answers in 7-12?  For example, any quadrilateral with an acute angle must also have an obtuse angle.  The only quadrilaterals without acute and obtuse angles are those with all right angles.  
Resource Sheet 4:                                   Paper Circle




[image: ]

Resource Sheet 5                             ANGLE WORKSHEET
[image: ]


[image: ][image: ]

Resource Sheet 6         MAKING A WAX PAPER PROTRACTOR


1. Start with a square sheet of paper, approximately 4 inches x 4 inches.
[image: ]






2. [image: ]Fold the square in half, creating a rectangle.  Crease the fold.




3. Fold the rectangle in half, creating a new square.  Crease the fold.

[image: ]




4. Fold the new square in half like a triangle.
[image: ]



[image: ]
5. Fold the triangle in half, making a narrower triangle.



[image: ]
6. Cut off the top edge, making all the edges even.




7. [image: ]Unfold




[bookmark: _GoBack]Resource Sheet 7                                       Exit Slip
Name ______________________________        Date ____________________
1. How many one-degree angles are in a full circle?  _____________________

2. An angle that makes a full turn through a circle measures ________ degrees.

3. What fraction of a circle is a 180 angle?  ____________________________

4. What fraction of a circle is a 90 angle? _____________________________

Challenge: What fraction of a circle is a 45 angle? _______________________
Challenge:  What fraction of a circle is a 60 angle? ______________________



Resource Sheet 7                                         Exit Slip
Name ______________________________        Date ____________________
5. How many one-degree angles are in a full circle?  _____________________

6. An angle that makes a full turn through a circle measures ________ degrees.

7. What fraction of a circle is a 180 angle?  ____________________________

8. What fraction of a circle is a 90 angle? _____________________________

Challenge: What fraction of a circle is a 45 angle? _______________________
Challenge:  What fraction of a circle is a 60 angle? ______________________
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