


	A.CED.1
	Cluster Heading: Create equations that describe numbers or relationships.
Content Standard: Create equations and inequalities in one variable and use them to solve problems.

Practice Standard: MP2 Reason abstractly and quantitatively.

	Problem/Task Suggestions
	Formative Assessment Suggestions

	Magic Number
A magician told you to pick a number and remember it.  Add 5. Triple this answer.  Subtract 1. Subtract your original number. Take half of this answer, and subtract your original number again. The magician is always able to guess your final number.

Initially have all students pick a number and put their final answer on a personal white board and show it at the same time. If there are students that do not have a result of 7, do the task again, but this time have students write their original number in the corner and then their final answer large and in the middle.  Using any mistaken responses, have several students show their thinking process on the board with symbols.
If the magician is always able to guess your final number, how does he or she do this?  Explain.  Can you use numbers and a variable to explain your thinking?
Have students explain using symbols and a variable for the number chosen. Compare these to the numbers and symbols that are on the board from earlier.
Differentiation
Extensions
•
Create your own Magician’s trick in which you will always know the answer.

•
Create a Magician’s trick where the answer would always be the original number the audience member picked.

Solution
•
[3(𝑥+5)−1−𝑥] − 𝑥 = 7
2
•
Explain the equation simplifies to 7 = 7, an equation that is true for
any value of x.
	Observation of Students
•
Is the student able to use mental math to do simple computation or does he/she need to use another tool? MP5
•
Does the student immediately attempt to write a one-variable equation for the situation?

•
Can the student explain the process of writing and solving the equation to other students? MP3
•
Does the student’s work generate and solve a one-variable equation to represent the situation?

•
Does the student’s work include a written explanation of the creation of a one-variable equation?

Questions to Guide Student Thinking
•
What could we use in the expression to represent any number?

•
If you do this again with a different input (original number), would you always have the same output (final number)?

Misconceptions
Students may

•
Explain that no matter what number they pick, it yields 7, but will not be able to generate a general equation with a variable to represent the initial value.

•
Do the order of operations incorrectly, or place parentheses in the wrong spot.

•
Distribute or combine terms incorrectly.

•
Be convinced that the problem really is magic.

Vocabulary
•
Infinite solutions, all real numbers, distribute, combine like terms
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A.CED.2
VIP Dilemma


Cluster Heading: Create equations that describe numbers or relationships

Content Standard: Create equations in two or more variables to represent relationships between quantities; graph equations on coordinate axes with labels and scales.

Practice Standard(s): MP1 Make sense of problems and persevere in solving them, MP4 Model with mathematics.
Problem/Task Suggestions
Formative Assessment Suggestions
My phone beeps with a text from my friend who is an event coordinator:

“My producer sent me only 50 feet of red velvet robe and 4 poles!  I don’t know what he was thinking, how can I fit all of the VIPs in this section?“

a.
What is the mathematical question that is being asked?
b.    Precisely answer the question that we wrote. (Ideally “What is the maximum area you can have for a rectangle with a constant perimeter of

50 feet?  What would the side lengths be?)

c.
Write a text to the event coordinator to explain the answer and to explain how he could always do similar problems in the future.

Differentiation
Supports
•
Ask what math words relate to the event coordinators problem.

•
Provide yarn and pushpins or graph paper for the student to construct the figure.

•
Ask what the perimeter of the figure needs to be.

Extension
•
How would the problem change if you could use a wall as one of the sides of the VIP section? Would another shape provide more space?

Solutions
a.
Explain that perimeter must be 50 feet and they are trying to find the maximum area.  Answers could vary if students consider the looping of rope or think about one continuous rope.

b.    Write the equation y=x (25-x), create a table of values, or graph the possible values to find the maximum value (vertex) to get two side lengths of 12.5 feet and an area of 156.25 square feet.

c.
Explain that a square would be the best possibility because it maximizes area.
Explain to the event coordinator, that anytime he has four poles, he could
divide the rope length by 4 to find the best length for each side. He could also write a quadratic equation and find the maximum value.
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Observation of Students
•
Do the students recognize the math in the situation?

•
Are the students able to make sense of the dilemma and come up with a mathematical question either alone, in their group or during full class discussion?

•
Is the student able to recognize what the problem is asking? (MP1)
•
Do students recognize that the situation can be represented as a quadratic function?

•
Are the students able to explain in words the methods they are using?

Questions to Guide Student Thinking
•
What are the key words that we need to create a mathematical question?

•
How can you be certain?  How could you check?

•
How could you mathematically convince a skeptic that there is no other answer that is better and that you have checked every possibility?

Misconceptions
Students may:

•
Argue that 12x13 is the best answer because they created a table of whole numbers.

•
Argue that 12x13 is just as good as 12.5x12.5 because the difference between 156 and 156.25 square feet is negligible in a VIP section.

•
Believe that the two sides have to add up to 100 instead of all four sides.

Vocabulary
•
Parabola, quadratic, vertex, perimeter, area, maximum


	A.REI.3
	Cluster Heading: Solve equations and inequalities in one variable.
Content Standard: Solve linear equations and inequalities in one variable, including equations with coefficients represented by letters.

Practice Standard:  MP3 Construct viable arguments and critique the reasoning of others.

	Problem/Task Suggestions
	Formative Assessment Suggestions

	Compare and Contrast
Compare and contrast the following two equations. Solve each for x, explaining each of your steps.  (Assume u, t and q are non-zero real numbers).

a) [image: image1.png]20=7x-1



                        b) [image: image2.png]u=qgx—t




Differentiation
Supports
•
Have the student first solve part a and then use the exact same steps to solve part b.

•
Give the student a number for one or more of u, t and q.
Extension
•
Write a word problem that would yield the first equation.  How would you have to change that word problem to yield the second? Have students pair and share their word problems and discuss the validity

of each problem in relation to the original equation.

Solution
•
Part a: x = 3.

•
Part b: 𝑥 = 𝑢+𝑡 or 𝑥 = 𝑢 + 𝑡
𝑞
𝑞
𝑞
•
Students explanation should include: For each equation, first add
either the 1 or the t to both sides, then divide both sides of the equation by the coefficient of x, either 7 or q.  The only difference is that the first uses number coefficients and the second uses letter coefficients.
	Observation of Students
•
Does the student recognize that solving a numeric one-variable equation uses the same process as solving a literal equation? MP7
•
Is the student able to explain the process of solving a one-variable equation to group members? (Consider using Think, Pair, Share).  MP3
•
Does the student include a written explanation of each of the steps to solve a one-variable equation?

Questions to Guide Student Thinking
•
What operations “undo” the operations of subtraction and multiplication?

•
What operation is implied when a number is next to a variable? What does qx mean?

Misconceptions
Students may

•
Not recognize similarities between the two equations.

•
Argue there is no way to solve the second equation.

•
Believe that qx cannot be divided.

Vocabulary
•
Coefficient, Variable, Equivalence

	Created by: Illinois State Board of Education Content Area Specialist


Mathematics: Functions
	F.IF.4
	Cluster Heading: Interpret functions that arise in applications in terms of the context.
Content Standard: For a function that models a relationship between two quantities, interpret key features of graphs and tables in terms of the quantities, and sketch graphs showing key features given a verbal description.

Practice Standards: MP4 Model with mathematics, MP6 Attend to precision.

	Problem/Task Suggestions
	Formative Assessment Suggestions

	Ball Toss
A ball was thrown into the air and data was recorded to model its path, with x representing horizontal distance from the start point, and y representing the height in feet.

Describe the path of the ball in mathematical terms.  Include all critical points.

Differentiation
Supports
•
Ask the students specifics about the problem, or provide a worksheet that has these questions on it: How high did the ball reach? Where did the ball land if its path continues? (Consider making a graph or extending the table) What shape would a graph of the data take? What are the critical points on this graph?

Extensions
•
Write the equation that models the data. (y = -.5x2 + 5x + 5.5)
Solution
•
The ball began at 5.5 feet in the air. On a graph, this would be the y- intercept. The ball traveled in a parabolic path, landing 11 feet away from the start. Graphically, this is the x-intercept. The highest point, the vertex of the parabola, is when the ball is 5 feet horizontally away and 18 feet high.
	Observation of Students
•
Is the student able to model parabolic data?

•
Does the student contextualize the vertex as the highest point reached?

•
Does the student contextualize the x-intercept as the farthest point traveled in a real-life situation?

•
Does the student correctly label the x- and y-variables contextually and abstractly?

•
Is the student able to extrapolate a table by either creating a graph, rule, or by using the pattern to continue the table?

Questions to Guide Student Thinking
•
What does the point (0, 5.5) represent?

•
What do you notice about the data and the path of the ball?

•
When you throw a ball how can you predict where it will land?

Misconceptions
Students may
•
Believe that the ball hit the ground before the starting point because that is another location where the y-value equals 0.

•
Believe the ball never hit the ground because the table is incomplete.

•
Believe that the maximum height is 5 yards because that is the horizontal distance when the ball reaches its highest point.

•
Call the shape an upside down “U” or “V”, instead of using precise language.

•
Say that the ball lands at 7 or 16 feet because this is where the table ends.

Vocabulary
•
Parabola, Vertex, x-intercept, y-intercept
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Mathematics: Geometry
	G.CO.5
G.SRT.8
	Cluster Heading: Experiment with transformations in the plane.
Content Standard: Given a geometric figure and a rotation, reflection, or translation, draw the transformed figure using, e.g., graph paper, tracing paper, or geometry software. Specify a sequence of transformations that will carry a given figure onto another.

Cluster Heading: Define trigonometric ratios and solve problems involving right triangles.
Content Standard: Use trigonometric ratios and the Pythagorean Theorem to solve right triangles in applied problems.

Practice Standards:  MP1 Make sense of the problem and persevere in solving it, MP4 Model with mathematics.

	Problem/Task Suggestions
	Formative Assessment Suggestions

	Escalator Problem
At the local mall, an escalator will carry people from the ground floor to the basement.  The basement is 3.6 m below the ground floor. Each step on the escalator needs to measure 24 cm wide and 18 cm high.

-
How much horizontal distance is needed to allow room for the escalator?

-
What will be the measure of the angle formed by the escalator and basement floor?  Justify your response.

-
Describe the transformation for a person starting at the top of the escalator and riding to the bottom.  Justify your response.

Differentiation
Support
•
Supply a drawing that has the vertical and horizontal distances labeled, along with the first step.

Extension
•
Have the students describe the transformation that would take place if instead of an escalator, there were stairs.

Solution
•
The necessary horizontal distance would be 480 cm or 4.8 meters.

•
The angle would be approximately 53.13 degrees or 0.927 radians because you would need to do the inverse tangent of the horizontal distance/vertical distance.

•
The translation would be that a person would translate 600 cm downward at an angle of 53.13 degrees.  An alternative would be for the person to translate 360 cm down and 480 cm horizontally, however, this does not describe the path the person traveled.
	Observation of Students
•
Can the student visualize the problem, either mentally or by using paper and pencil?

•
Does the student recognize he/she will have to use an inverse trigonometric function to find the angle?

•
Can the student explain the process he/she used to find the angle to their classmates and in writing?  MP3
•
Does the student recognize the difference between a diagonal translation and a combination of a horizontal and vertical translation?

Questions to Guide Student Thinking
•
Could you draw a diagram of the situation to help you?

•
How many steps will you need to reach the basement?

•
If you know two side lengths, how can you find the angle involved?

•
Which transformation will need to occur to move the person?

Misconceptions
Students may

•
Forget to convert all of the numbers to either meters or centimeters.

Vocabulary
Tangent, Inverse Tangent, Angle, Transformation, Translation

	Adapted from:  Bauer, et.al. (2006). Simms Integrated Mathematics Level 2, Dubuque, Iowa: Kendall/Hunt Publishing. ISBN# 978-0-7575-2030-3


Mathematics: Statistics and Probability
	S.ID.3
	Cluster Heading: Summarize, represent, and interpret data on a single count or measurement variable. 

Content Standard: Interpret differences in shape, center, and spread in the context of the data sets, accounting for possible effects of extreme data points (outliers).  

Possible Practice Standard: MP3 Construct viable arguments and critique the reasoning of others.   

	Problem/Task Suggestions
	Formative Assessment Suggestions

	Clerk’s Wages

What measure of central tendency would most closely represent the potential pay of a new clerk if there are ten clerks who all make about the same amount and a manager who makes ten times as much?  In your group, create a presentation report justifying why this would be the best choice.   

Differentiation

     Supports

· Give the student examples of possible wages, or have them come up with possible wages, calculate the measures of central tendency and then decide which most closely represents the new clerks pay.  
· First have the student define or look up the meanings of the measures of central tendency.  
     Extension

· If posting this job, what measure of central tendency would the company want to display?

· Create a situation where another measure of central tendency would be more pertinent.  

Solution
· The new pay would most closely be represented by the median.  The manager is pulling the mean heavily, making the wage look about double of what it would be.  The mode may not be helpful because of the phrase “about the same amount”.  The median would show the mid-range of the numbers, which would be one of the middle paid clerks.  


	Observation of Students

· Is the student able to define and use correct vocabulary? (MP6)

· Is the student able to see the value in the different measures of central tendency and use it to evaluate within the context?
Examining students’ presented work

Does the group

· Address the median as the most appropriate answer?  
· Explain why they chose this measure of central tendency and use appropriate vocabulary? (MP6)

· Communicate to the whole class?  
· Include full participation of all members of the group?
· Answer questions from the class as needed?
Questions to Guide Student Thinking

· What are the measures of central tendency?

· Pick numbers that would model the situation and decide if the measure of central tendency that you picked previously still appears to most closely represent the new clerk’s wages. 

Misconceptions

Students may

· Explain that the answer is the mean because that is the average.  

· Explain that all of the measures of central tendency represent the same data, so the answer could be any of them.  



	 Available at: http://isbe.net/common_core/default.htm
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