Math Unit: What is Fair?


Unit: What is Fair? (Measures of central tendency) 

STAGE 1: DESIRED RESULTS  

Miss. Competency/Objective(s)



DATA ANALYSIS & PROBABILITY 5. Interpret, organize, and concepts of probability


b. Predict patterns or generalize trends based on given data. 


c. Explain the role of fair and bias in sampling and its effect on data.  


f. Construct and use a variety of methods (i.e., organized lists, tree-diagrams, Fundamental Counting Principle) to solve real-world problems.

g. Collect data.  Select and justify the most appropriate representations to organize, record and communicate data. 

h. Use a given mean, mode and/or median of a set of data to construct a data set and determine missing values from a data set.

Understandings:

· Mathematics can give us tools that we can apply to complex problems that involve numbers, but it rarely answers all our questions or addresses all the needs in a situation.

· Sometimes different mathematical approaches yield different solutions. 

· Different measures of central tendency yield different solutions – the choice depends upon the context.

· Not all solutions to real-world uses of mathematics are perfect or beyond criticism. Often, we must defend our solutions using both mathematical and non-mathematical evidence and reasoning. 

· Questions about fairness ultimately involve decisions about values, so math is helpful only up to a point.

Essential Questions

· What is the best solution to a complex problem? How can I know? How can I 
best defend and communicate my thinking?

· What is fair? How can mathematics help us answer that question? What are the limitations of mathematics in helping us answer that question? What is the fairest grading system?

· How can we best use mathematical information to draw non-mathematical conclusions?

· How can I best transform this data into useful information?

· When should mean, median, or mode be used?

· What are the pros and cons of each measure?

· In whose interest is it to use which measure?

Students will know & be able to
· definitions of mean, median, and mode; range; variation; bias; trend 
· calculate mean, median, and mode 

· make and defend decisions on when to use mean, median, and mode 

 STAGE 2:  ASSESSMENT EVIDENCE

Performance Task

· How should I grade you?  Based on our study in this unit of various measures of central tendency, and the pros and cons of using “averages” (calculating the mean and other such measures) in various situations, propose and defend a “fair” grading system for use in this school. How should everyone’s grade in classes be calculated? Why is your system fairer than the current system (or: why is the current system the fairest?)


· What is fair? How can math help?  Write a brief essay on the Essential Question of the unit. 


· Rubrics: Problem Solving, Presentation Quality

Other Evidence
· Written defense of solution to group activities (see below)

· Quiz:  calculate mean, median, and mode - 24 different exercises

· Homework and class-work problems (initial answers not graded; used for feedback to student and adjustment of learning plan)

STAGE 3:  LEARNING ACTIVITIES

1. Small Groups: Who Won the Race? (Question a.) [The task is to determine which class won a 1-mile race in which everyone ran, and in which the data is ambiguous as to meaning.]
· Students work in small groups, with guidance from teacher, including:

· suggestions for ways to solve the problem prompt to see if other solutions might be possible

· prompt to graph the data to see if the model it yields is helpful

2. Class, small group: Brief discussion on Question a: What is fair? And how might math help?

· “So, Jo, when you say to your brother ‘That’s not fair!’ what do you mean?”

· “Why do we say that it is fair to let someone have a do-over in mini-golf or kickball?”

· “Is it fair or not fair to factor in degree-of-difficulty in diving competitions?”

· etc.

Ask students to draw some tentative conclusions that will be explored and ‘tested’ later in the unit

3. Class, small group: Introduction of performance task, with reminder on grading policy in this class

· Do a KWL – what do we know, what questions do we have: get everyone to share different examples of grading policies they have lived under or heard of from siblings and parents, collect and save questions for later use.

4. Class: Direct instruction in mean, median, mode, with practice

· Textbook and other exercises on mean, median, and mode

5. Class: Discuss further on the question of fairness –

· “What do we mean when we say that the rules of a game of chance are “not fair”? What role does math play in our judgment?

· “What is the fairest way to cut and distribute a piece of cake between two people?

· “When is straight majority voting “fair” and when is it “not fair”?

· “Why did our Founders think it fair to have two different branches of Congress, assigned in 2 different ways” (prompt, as needed, to remind them)

6. Think, pair, share: Q. i and Q. ii: So, when should we use mean, median, or mode? When shouldn’t we? Where should we be careful in using each measure? 

· Each student constructs the outline of a problem like the hook problem—a large set of data that yields an uncertain solution to the question asked. They calculate the “answer” using all three modes of central tendency and record each one, then choose one as the “best” answer. Each student writes an independent defense of that answer. Pairs share questions and answers, trying to solve the other’s. Pairs discuss, offering feedback to each other on the quality of the other’s solution and defense. Whole class discusses examples, and tries to answer the Unit Questions i. and ii. 

· Whole class/small group: Q. iii - In whose interest is it to use mean/median/mode? Consider the question of usefulness in computing averages:

· When is it most useful to know the “average” in various circumstances (e.g. salaries, home prices, batting average, price of a new car)? When is it not useful, even misleading? What other information is needed before an individual can act wisely (e.g. can I afford to buy a new car? Who is the best hitter to send up now as a pinch hitter?)?

· Small group task: come up with a situation where, depending upon your point of view, one group would want to use one measure while the other would not want that one at all. (e.g. employee wants a raise to the median salary, while employer wants to offer the mean salary). Each group will have to explain their sample argument (and a solution to the argument, if there is one) to the whole class. Whole class discussion of the essential question, based on the examples. Each student writes an answer in their math journal.

7. Class/small group. How important is range (variation) and trend when reaching a solution?  Should they matter in assigning a final result? Should you be rewarded or penalized for consistency/inconsistency and downward/upward trend? Students investigate several situations and draw conclusions (national team ranking systems, Olympic scoring, won-loss records, stock market, etc.) Students divide into self-selected groups, solve different problems in these groups, and present the problem, the thinking, and the solution to the class. 

· Scenario: Because of your expertise in math, you have been hired as a consultant by [choose one: NFL, Southern Conference, Rock Hall of Fame, Olympic Skating Committee] to recommend a more fair way of assigning scores. Propose and defend your idea to the Executive Committee...
8. Class: Return to the original problem of the unit: Now who do you think won the race? Using what has been learned, students re-evaluate the problem and their solutions to it.

9. Individual: Final Task/Question Q. iv: So, given all we have learned, what is the fairest grading system? 

10. Think, pair share: Question Q. a. Students first write an answer in their journal, discuss their answers in pairs, and share answers in class. Any remaining questions are filed away for another unit on the same issues.

Who won this year’s 7th grade race around the campus?

Every year at Birdsong Middle School, there is an all-class race. Below are the results for the 7th grade (which is made up of four different classes of 7th grade).

But there is a problem: no one agrees on who won! One person thinks Class C should win the trophy because they had the 1st runner overall in the race. Another person thinks Class D should win because they had 3 runners come in under 10th place. A third person says: just find the average. But a 4th person said: wait a minute – D Class had way more students in their class than Class C! Averages won’t be fair. A 5th person says: use the scoring system in Cross Country – just add up the place of finish of the top 5 and lowest total wins. A 6th person says – unfair! Some classes did well in the first few runners but poorly in the middle! Why should they win? Now, everyone is confused and arguing.

What is the most fair solution? Who should win the trophy? Your group, well-known in the school as a group of expert mathematicians (and widely known and respected for your sense of fairness) is being consulted as to who should win the trophy. What will you recommend and why?

	Class 

rank
	Class 

A
	Class 

B
	Class 

C
	Class 

D

	· 
	4
	6
	1
	2

	· 
	9
	7
	3
	5

	· 
	11
	10
	14
	8

	· 
	12
	13
	18
	15

	· 
	20
	16
	19
	17

	· 
	21
	22
	23
	31

	· 
	25
	24
	28
	33

	· 
	26
	27
	30
	36

	· 
	29
	34
	32
	37

	· 
	35
	39
	41
	38

	· 
	43
	40
	44
	46

	· 
	45
	42
	47
	51

	· 
	49
	48
	50
	55

	· 
	54
	52
	56
	57

	· 
	61
	53
	60
	58

	· 
	65
	62
	63
	59

	· 
	69
	66
	64
	67

	· 
	70
	72
	
	68

	· 
	71
	
	
	73

	· 
	
	
	
	74


Notes on the chart:

· The numbers in the chart, from 1 to 74 represent the place of finish of that runner. So, the overall race winner was from Class C, the number two runner overall was in Class D, etc.

· Class rank refers to the rank in that class, not the overall race. So, the first runner in class A was 4th overall in the race, the 2nd best runner in class A came in 9th overall, etc.

· The blanks reflect the fact that each of the 4 classes has a different number of students. Class D has 20 students, CLASS A has 19 students, etc.
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