Leveling the Bars
A 40-minute lesson plan based on Activity 11.2, p. 313 
Teaching Student-Centered Mathematics Grades 5-8 (Van de Walle & Lovin: 2006)
By: Helen Shields 000790559

4173 B2 Teaching Elementary Mathematics
GRADE LEVEL: 4
MATHEMATICAL OBJECTIVES: This lesson plan introduces the concept of “mean” in a data set. Thus, the objective of this lesson is to develop an understanding of the concept of mean in a data set.
RELATED GRADE 4 MATH SCOs: 
F5: Construct bar graphs, pictographs and stem and leaf plots
F7: Describe data, using the mean
CONTEXT: 

· This lesson follows prior lessons on bar graphs. Students will be familiar with data sets and will have made their own bar graphs using data sets. Therefore, students will understand how to create a visual representation of data in a set. 

· This lesson precedes lessons on mode and median.

· Follow-up lessons will explore how the mean changes when data changes.

MATERIALS AND PREPARATION: 
· For students: Sufficient Unifix cubes or other plastic connecting cubes are required so that each pair of students in the class can create models of bar graphs based on the teacher’s predetermined data sets. As noted in the section on exceptionalities, a sufficient number of larger cubes should also be available if there are students with visual or small motor deficits in the class. 
· For the teacher: An overhead projector and sufficient cubes for mini-lesson demonstration are also required. The data set in “The Task” portion of the lesson plan requires 6 sets of cubes (to represent toy prices) for a total of 36 cubes ($36.00) for each group. 
· Appendix 1 can be printed out and distributed to students with vision problems or reading challenges, as it is printed in a large font and contains pictorial representations of the data set (See Equity Issues: Vision Problems).

· Pre-select data sets for further practice and challenge (see “Extending the Lesson”) in which the mean of the data is a whole number (e.g. 30 gives a mean of 5 using 6 sets) for students to represent with the cubes. It would be advisable to further ensure that the number chosen for the total number of cubes is one that students are familiar with from the multiplication tables that they have learned. These should be printed on paper in regular and large-sized print (see “Equity Issues: Vision Problems”) to distribute to pairs of students once they demonstrate that they are ready for further practice or challenge.
· Set up the overhead projector and place cubes nearby for demonstration purposes.

· Consider carefully how to pair students. Ideally, students of similar ability levels will be grouped together for this activity so that each gets an opportunity to explore the cubes and work through problem-solving strategies. The reason I recommend this arrangement for this particular activity (as opposed to Van de Walle’s recommendation of mixed grouping) is that student pairs with stronger math skills who finish the given tasks early will have time to go on to more complex problems for further challenge, while students who are not as strong in math will have the time they need to work through the process rather than deferring to a stronger partner or feeling pressured. I would further suggest pairing the most struggling students and special needs students with others who are patient and kind, regardless of their ability level. Of course, teachers know their students best and could thus make the best judgement of which recommendation to follow based on knowledge of which students work well together. This is an introductory activity which is geared toward success so a high level of mathematical skill is not necessary for students to master the activity.

· Once students are organized into pairs, distribute the cubes so that each pair has more than enough cubes to complete the activities (50). If there are not enough cubes to give each pair 50 cubes, groups could be increased to 4 students per group, cubes could be borrowed from other classes, or the number of cubes required in the “Extending the Lesson” activities could be adjusted to accommodate the resources available.
PROCEDURE:

BEFORE:

Activate prior knowledge:

· Ask students to relate experiences they have had of not getting a fair share of something. Ask students to estimate what they got and compare it to what others received, and to estimate what an equal share would have been.
Begin with a simpler version of the task:

· Relate the following story to introduce the data set:

· You and two of your friends (Alex and Jessie) win a pile of movie passes in a radio contest. You are all very excited until your friend Alex passes them out. She takes 5 of the passes for herself, gives Jessie 3 of them, and gives you the 1 leftover movie pass. How does that make you and Jessie feel? (Answers: sad, not fair, etc.) Alex begins to feel sad too, and agrees that the passes should have been shared equally. How will you help her re-distribute the movie passes so that each of the three of you gets a fair share?
· Give the students the following data set: 5, 3, 1. Have students make linking stacks with their cubes to represent the data. Then, ask them what they would need to do to make all three bars equal. Invite them to manipulate the cubes to make the bars equal in height. Ask how they knew which cubes to move. Invite students to come up to the overhead projector and demonstrate their problem solving strategies. Once a strategy has been demonstrated, request a show of hands from students who used the same strategy. Then, ask if anyone used a different strategy. If so, invite them to share their strategies also. 

· Students should be able to compute the data mentally. Some may figure out that the three sets equal 9 and 9 divided by 3 is 3. Ask students how they might know that each stack should equal 3 without using the manipulatives. Ask students to share strategies for solving the problem without using manipulatives. 

· Demonstrate the exercise with cubes laid flat on the overhead projector in a bar graph arrangement, reasoning out loud as you go. This will help students double check their reasoning and learn problem-solving self-talk that they can use as they continue with more challenging problems.
The task:

· Show students a data set of prices for six different toys by writing the following on the board. Also have large-font printed versions available for students who cannot see the board clearly or who have difficulties with reading (See Appendix A): 

· Football: $8.

· Doll: $12.

· Jump rope: $3.

· Car: $5.

· Game: $7.

· Top: $1.

· The task is to create a bar graph using the cubes to express the data set, and then use the graph to determine what the prices would be if all toys were the same price, assuming that the total of all the toys remained the same. 

· Students will then use various techniques to rearrange the cubes in the graph but will eventually create six equal bars of six cubes each. Once they have solved the problem and levelled the bars, have them record the number of cubes in each bar in their notebook. Further ask students to write in words how they solved the problem. They may draw pictures also, in order to clarify their explanations if needed.
Establish Expectations:

· Do not tell the students that they are finding the average or mean at this point, only that they are to make equal-length bars so that the cubes are shared fairly among them.
· Allow student pairs to think out loud and to experiment with different ways of rearranging the cubes. Eventually, they will discover the correct number of cubes required in each bar. 

· The idea of the lesson is not to be the fastest to solve the problem, but to work through the problem by trial and error and to visualize the equalization of the data set. 

DURING:

· Listen and watch students as they work through the process. Do they understand the meaning of making equal bars? 

· Are the students using the cubes to figure out the solution or are they attempting to solve the problem mentally?

· What strategies are they using? Check students’ written explanations of how they solved the problem to determine the steps and thought processes they utilized.
AFTER:

· Ask students to come up and show how they worked through the problem using the overhead projector and cubes to demonstrate. Ask them to share their thinking out loud as they go along. Request demonstrations of solutions in the following order:

· solutions arrived at through trial and error, without using addition, subtraction, multiplication or division, just manipulation of the cubes (beginner level strategy)

· solutions arrived at through addition and/or subtraction (a little more sophisticated)

· solutions arrived at through multiplication and/or division (the most sophisticated strategy)

· Ask if any students solved the problem using a strategy not demonstrated; if so, ask them to come up and show how they solved the problem.

· Explain to students that they have found the mean of the data set. The number of cubes in each equal set is the “mean” of the data set. In this case, 6 is the mean. 

· Explain an easy way to remember “mean”: your best friend has a bag of goodies to share but when he/she passes them out, everyone gets a different number. If you get the fewest, you would say that that’s not fair. You might even think that your friend is being “mean”. If we want to be fair, everyone has to get an equal share. That is what “mean” in math is all about: fair sharing, or NOT being mean! So in math, mean is the opposite of what we think of as mean. It’s NICE! (


EXTENDING THE LESSON:

· Have students stand in line in 4 rows at the front of the class: one row of 4, one row of 1, one row of 8, and one row of 3. Allow them to move about to make the equal rows. 

· If time permits, or if some groups solve the given problem quickly and easily, allow students the opportunity to practice their new skill. This could be as simple as changing the toy prices, ensuring that when the total price of the items is divided by the number of toys, the quotient is a whole number. 
· Students could also create their own data sets for their partner to find the mean of, if they are keen on doing so. One student in the pair would make the data set by stacking the cubes in bars, and the other student would attempt to make the sets equal. It is important, however, to point out to these students that if they choose data sets in which the total is not equally divisible by the number of bars, the result will not be a whole number. In that case, fractions would be necessary to add to each bar in order to make the stacks equal. The student solving the problem would need to determine from the number of leftover cubes the fractions that would be needed to equalize the bars. Since cubes cannot be physically divided into parts, symbolic representations such as drawings would be particularly helpful in solving these problems. Encourage students to use drawings or other symbolic representations that make sense to them. For example, they may choose to represent each leftover cube with a certain number of stacked bingo chips which could then be divided among the bars. 
· A variety of pre-selected data sets of varying difficulty could also be made available for students to choose from and solve in the same manner. Make some with larger numbers, and some that will require more bars. These should be made available in print, both in regular and large font (see “Materials and Preparation). Have students write their explanation of strategies used for solving and their end result. Groups that solve the same challenges could compare their problem solving strategies and results with each other. Some examples:

· Ten friends have 3, 2, 4, 7, 4, 6, 5, 8, 1, and 10 blocks (use names of students in the class to make it more fun). How could they share them to give each equal share? Solve the problem using cubes. [requires 50 cubes to solve]. 
· Note: This problem can also be done as a class activity by having ten students come to the front of the class, handing them the appropriate number of blocks, and getting the students who are not at the front to give directions (e.g. “Jenny, give Nathan 2 of your blocks”) until all of the students have an equal number.
· Nathan’s babysitter has brought him and his seven brothers a bag of homemade chocolates. She gave the brothers 6, 5, 4, 3, 3, 2 and 1 and (oops!) there were none left for Nathan. Most of the brothers think that this is unfair. (Especially Nathan!) How can the eight boys re-distribute the chocolates so that each gets a fair share? (Don’t forget Nathan!) [requires 24 cubes to solve].
· Jenny decided to give away her collection of comic books to her four best friends. She gave 14 to Keisha, 10 to Jung-Lee, 8 to Zachary, and 4 to Keisha. How many comic books would each of Jenny’s friends have gotten if Jenny had given them out equally so that each friend would get a fair share? [requires 36 cubes to solve].
· Five dogs have buried bones in Mr. Dahl’s garden. Mopsy has buried 15, Buster has buried 10, Mr. Winkles has buried 6, Sniffer has buried 4, and Jumping Jack has buried 5. Mr. Dahl has found all of them and wants to divide them evenly among the dogs so they can bury them again. How many will each dog get? [requires 40 cubes to solve].
· You are in charge of setting up the summer fair in your town. Last year at the pie eating contest, 11 blueberry pies, 15 cherry pies, and 24 apple pies got eaten. This year, however, the store will only sell equal quantities of each kind of pie. How many of each will you order to make sure you have the same total as last year? (By the way, last year you won!) [requires 50 cubes to solve].
ASSESSMENT NOTES:

· What strategies are students using to find the mean of the data sets? Are any beginning to use algorithms to solve the problem?

· Which data sets are students choosing to solve in the extension activities? 

EQUITY ISSUES:

Accommodating the student with:

· Vision problems:

· Larger cubes may be used; data sets may be handed out in large print on sheets of paper (see Appendix A); student may come close to the front so that overhead projector demonstrations can be seen or felt. Data sets may also be written in large print on an overhead transparency and displayed while students solve each problem.
· The tactile nature of this activity supports the visually impaired child’s learning.

· Hearing problems
· For students who lip-read, ensure that you are facing the student when giving instructions. Check back with the child as he or she begins the task to ensure that expectations have been understood. 

· For students with a hearing aid or who are hard of hearing, use an FM receiver headset to amplify voice, and ensure that children who are demonstrating their problem solving strategies in front of the class wear it also.
· Have the child’s partner demonstrate with the cubes and then allow the hearing impaired child to show they understand by taking a turn with the cubes.

· Mobility problems
· For a child with deficits in small motor skills, larger cubes (as in the vision problems section) should be used.
· For a child in a wheelchair, arrange the classroom so that there is room for the child to get to the overhead projector. Place the projector on a lower table so that the child can reach it when demonstrating problem-solving strategies to the class. Ensure that the child is able to roll up easily to a table that is sufficiently large and at the correct height to work at. 
· For a child with crutches or canes, ensure that there are no objects in the way of their getting safely to the front of the room.
· For a child with difficulty moving his or her arms or hands to work with the manipulatives, have the student give instructions to his or her partner to manipulate the cubes. 
· English as a Second Language students

· Use key words often: e.g. bar, cube while showing what they mean. 
· Have the child’s partner demonstrate the first problem and then allow him or her to do the following one. 
· Check in with the student regularly to ensure that he or she has understood the directions given.

· Numbers in data sets should pose no problems and actually support the ESL child in learning the concepts presented. 
APPENDIX 1: PICTORIAL DATA SET – Large Print (Based on Van de Walle’s Blackline Master BLM-L6)
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Football   $8.00
    
Jump Rope  $3.00
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Doll  $12.00        







    Toy Car   $5.00
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Game   $7.00



Top    $1.00
