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[bookmark: h.cq6vpyiru25a]A Summary of the Math

	Students have had lots of experience with arithmetic - how to add, subtract, divide and multiply real numbers. Students have also usually had experience with transformations -- how to stretch, shrink, rotate, reflect and slide shapes. 

In these series of activities a strong link between arithmetic and transformations is established. Arithmetic can be interpreted in terms of transformations, and transformations can represent arithmetic. This is as true on the number line as it is in the plane, and students study arithmetic and transformations in both.

In Investigation 2 students will be introduced to complex numbers. This series of lessons aims to prepare kids for the jump into imaginary numbers. The arithmetic/transformations connection is key to this, but there are other important prerequisite skills and concepts to teach along the way, including fluency with 90 degree rotations, fluency with dilations, and the problematic nature of square roots of negative numbers.




[bookmark: h.sjk4ebaz216o]A Brief Outline of the Activities

	Day 1
	· Coordinate movement along a large number line
· Solve problems relating to number line movement

	Day 2
	· Coordinate movement along a large coordinate plane
· Students solve problems relating to coordinate plane movement

	Day 3
	· Students practice transformations of the plane involving multiplication by .
· Students debate the possibility of giving meaning to multiplication by .

	Day 4
	· Students practice rotations of 90,180 and  270 degrees
· Students learn notation that enables them to answer questions such as _______.



[bookmark: h.aka11440ecnd]The Biggest Idea 

	All arithmetic can be interpreted as describing motion.

Every lesson in this Investigation drives at this idea. This idea is crucial for developing an understanding of complex numbers. Imaginary numbers are an invented arithmetic for describing motions that could not be described using real arithmetic. This is the geometric interpretation of complex numbers.



[bookmark: h.k1a75op2u2ys]Other Big Ideas

	· Even if a number doesn’t exist, that doesn’t mean we can’t talk about what properties it would have if it did exist.

Many students at first balk at questions that ask them to consider possible motions that multiplication by might describe. While we don’t want to pretend that impossible numbers are possible, it’s still productive to consider what it would be like for them to exist.

· You can see the transformation of an shape as a transformation of the individual points that make it up.

It’s often difficult for students to connect the arithmetic of plane transformations with the resulting motions. Some students struggle to take rules, such as , and connect them to a transformation. These students can be advised to test individual points in a figure against the rule. However, many students only consider a single point that they take to be representative of the entire transformation. (A common motion associated with  is a translation up and to the right.) Figuring out the “just right”  number of points to choose is a challenge for some students in this Investigation.

· Some motions are easy to describe with arithmetic of real numbers, but other motions come less naturally (or can’t be described at all).

The first time that students are asked to map  many of them assume that they are being asked to describe a reflection across the axis. Many students have trouble seeing that following this rule requires swapping the coordinates, a move that seems unnatural and a sort of “cheat.” On the other hand,  is easy for students to comprehend. This frustration with and similar rules is one we try to foster throughout the Investigation, as in many ways it is resolved by the creation of complex numbers.





[bookmark: h.emfihj9aopl0]Obligatory CCSS Target Standards

	HSG.CO.A, mostly. We’re also working on HSN.CN but at a very early stage.



[bookmark: h.kuhk1iil0uug]Skills in this Investigation

	· Following a transformation rule written using arrow notation, such as  or 
· Fluently rotating a figure in the coordinate plane by 90 degrees.
· .



[bookmark: h.2crj85yrxqs7]Hints That You’ll Find Yourself Repeating

	[bookmark: h.j03e99yoi98h]“If you’re not sure how a rule works, try it out on a few different points to get a sense for what it does.”
[bookmark: h.jyirqcm5qpur]
[bookmark: h.gb9bvliccdw0][picture]
[bookmark: h.87itiyljcka9]
[bookmark: h.s505k8w1zjiq]“If you’re testing a rule it’s often helpful to pick numbers to test that are especially easy to calculate with, like 0, 1 or -1.”
[bookmark: h.g7tg9z6zyhxi]
[bookmark: h.99hhayfn6zk7][picture]
[bookmark: h.d5p7kj5p6qzq]
[bookmark: h.65hb36j3ceml]“Working with square roots can sometimes be difficult. They all have decimal approximations, though, and you can try working with those instead.”
[bookmark: h.z7tj6mbypbql]
[bookmark: h.3x2zsrn3e13s][picture]



[bookmark: h.9ug43yam027s]Assessments
	The unit materials include two formative assessments that can be given at any point in the unit. The assessments are similar -- they ask students to sketch (rather than carefully determine) the image of a figure after a transformation rule is applied.

These assessments compliment the careful point-mapping work and assess students’ ability to quickly and accruately determine the transformations associated with various rules. For instance, we’ve found that even students who have successfully applied  to a figure will often reveal that they associate this rule with a translation (up and to the right) in these assessments.



