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DRAFT COMMON CORE STATE STANDARDS FOR GEOMETRY DRAFT
Welcome

In June 2010, the Michigan State Board of Education adopted the Common Core State
Standards (CCSS) as the state standards for mathematics and English Language Arts.
Michigan will transition to a testing framework based on the CCSS in 2014-2015. Itis
important to note that there are varied pathways to help students successfully
demonstrate proficiency in meeting the content defined by the CCSS. Working together,
teachers can explore a variety of pathways that meet the rigorous requirements of the
Michigan Merit Curriculum.

This document was developed to assist teachers in implementi
Curriculum and defines the content for Algebra I as well as

the Michigan Merit
with the transition to

instruction and assessment based on the CCSS. The ide rds and guidelines
provide a framework for designing curriculum, assessmen

experiences for students. Through the collaborative rnor Jennifer M
Granholm, the State Board of Education, and the S are being

provides the specific CCSS Mathematics s >fine the Geometry
Course/Credit requireme i fashion similar to the

The organization in i ‘ i onal sequence Curriculum personnel or
teachers are enco ] i

of what content has changed from the 11/07 version
2quirements, and an expected transition timeline. Please
note that this ¢ includes exact wording from the CCSS mathematics

document.
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Geometry Goal Statement

Geometry builds on a number of key geometric topics developed in the middle grades,
namely relationships between angles, triangles, quadrilaterals, circles, and simple three-
dimensional shapes. It is expected that students beginning Geometry are able to
recognize, classify, and apply properties of simple geometric shapes, know and apply
basic similarity and congruence theorems, understand simple constructions with a
compass and straight edge, and find area and volume of basic shapes.

Students studying Geometry in high school will further develop
reasoning and move towards formal mathematical arguments
apply what they know about two-dimensional figures to thr
world contexts, building spatial visualization skills and d
shape and shape relationships.

and spatial
d constructions. They
nsional figures in real-

Geometry includes a study of right triangle trigon
similarity relationships and is extended with th
Cosines. These topics allow for many rich rea
geometric reasoning skills. It is critical that connec
reasoning to geometric situations. Connections betwe
quadratic functions to geometric transformations shoul ade. Earlier work in linear
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COMMON CORE STATE STANDARDS FOR MATHEMATICS

Standards for Mathematical Practice

The Standards for Mathematical Practice describe I. Make sense of problems and persevere in
varieties of expertise that mathematics educators at solving them.

all levels should seek to develop in their students.

These practices rest on important “processes and 2. Reason abstractly and quantitatively.

proficiencies” with longstanding importance in . ..
mathematics education. The first of these are the ConStrucr' viable arguments and critique the
NCTM process standards of problem solving, reasoning of others.

reasoning and proof, communication, representation,
and connections. The second are the strands of
mathematical proficiency specified

in the National Research Council’s report Adding It
Up: adaptive reasoning, strategic competence,
conceptual understanding (comprehension of
mathematical concepts, operations and relations),
procedural fluency (skill in carrying out procedures
flexibly, accurately, efficiently and appropriately), and )
productive disposition (habitual inclination to see reasoning.
mathematics as sensible, useful, and worthwhile,
coupled with a belief in diligence and one’s own

w

Model with mathematics.
Use appropriate tools strategically.
Attend to precision.

Look for and make use of structure

© N o U >

Look for and express regularity in repeated

efficacy).

| Make sense of problems and persevere in
Mathematically proficient students start by explaining to ¢
to its solution. They analyze givens, constraints, relationsh
meaning of the solution and plan a ion pathway rather than

oblem and looking for entry points
onjectures about the form and

They monitor and evaluate th if necessary. Older students might, depending on the context
of the problem, transform i sions wing window on their graphing calculator to get the

ers to problems using a different method, and they continually
an understand the approaches of others to solving complex problems and

sense of quantities and their relationships in problem situations. They bring two
ems involving quantitative relationships: the ability to decontextualize—to abstract a
ally and manipulate the representing symbols as if they have a life of their own,
eferents—and the ability to contextualize, to pause as needed during the manipulation
eferents for the symbols involved. Quantitative reasoning entails habits of creating a
problem at hand; considering the units involved; attending to the meaning of quantities, not
d knowing and flexibly using different properties of operations and objects.

process in order to probe
coherent representation of t
just how to compute them;

3 Construct viable arguments and critique the reasoning of others.

Mathematically proficient students understand and use stated assumptions, definitions, and previously established results in
constructing arguments. They make conjectures and build a logical progression of statements to explore the truth of their
conjectures. They are able to analyze situations by breaking them into cases, and can recognize and use counterexamples.
They justify their conclusions, communicate them to others, and respond to the arguments of others. They reason
inductively about data, making plausible arguments that take into account the context from which the data arose.
Mathematically proficient students are also able to compare the effectiveness of two plausible arguments, distinguish correct
logic or reasoning from that which is flawed, and—if there is a flaw in an argument—explain what it is. Elementary students
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can construct arguments using concrete referents such as objects, drawings, diagrams, and actions. Such arguments can
make sense and be correct, even though they are not generalized or made formal until later grades. Later, students learn to
determine domains to which an argument applies. Students at all grades can listen or read the arguments of others, decide
whether they make sense, and ask useful questions to clarify or improve the arguments.

4 Model with mathematics.
Mathematically proficient students can apply the mathematics they know to solve problems arising in everyday life, society,
and the workplace. In early grades, this might be as simple as writing an addition equation to describe a situation. In middle
grades, a student might apply proportional reasoning to plan a school event or analyze a problem in the community. By high
school, a student might use geometry to solve a design problem or use a function to describe how one quantity of interest
depends on another. Mathematically proficient students who can apply what they know a fortable making
assumptions and approximations to simplify a complicated situation, realizing that thes y need revision later. They are
able to identify important quantities in a practical situation and map their relationshi ing such tools as diagrams, two-
way tables, graphs, flowcharts and formulas. They can analyze those relationship ically to draw conclusions. They
routinely interpret their mathematical results in the context of the situation a ether the results make sense,
possibly improving the model if it has not served its purpose.

5 Use appropriate tools strategically.
Mathematically proficient students consider the available tools wh
include pencil and paper, concrete models, a ruler, a protractor.

helpful, recognizing both the
insight to be gained and their limitations. For example, mathematically pr high school students analyze graphs of
functions and solutions generated using a graphing errors by strategically using estimation
and other mathematical knowledge. When making : hat technology can enable them to

proficient students at various grade levels are able to id | resources, such as digital
content located on a website, and use them to pose or use technological tools to explore
and deepen their understanding of concepts.

6 Attend to precision.
Mathematically proficient stud
with others and in their o
consistently and appropriately. about specifying of measure, and labeling axes to clarify the
correspondence with quantities i oy calculate accurately and efficiently, express numerical answers with a

7 Log

that three and i ount as seven and three more, or they may sort a collection of shapes according

to how many si r, students will see 7 x 8 equals the well remembered 7 X 5 + 7 x 3, in preparation
for learning about th ibuti rty. In the expression x* + 9x + 14, older students can see the 14 as 2 x 7 and the 9

auxiliary line for solving p
They also can step back for an overview and shift perspective. They can see complicated things, such as some algebraic
expressions, as single objects or as being composed of several objects. For example, they can see 5 — 3(x — y)? as 5 minus a
positive number times a square and use that to realize that its value cannot be more than 5 for any real numbers x and y.

8 Look for and express regularity in repeated reasoning.

Mathematically proficient students notice if calculations are repeated, and look both for general methods and for shortcuts.
Upper elementary students might notice when dividing 25 by || that they are repeating the same calculations over and over
again, and conclude they have a repeating decimal. By paying attention to the calculation of slope as they repeatedly check
whether points are on the line through (I, 2) with slope 3, middle school students might abstract the equation (y — 2)/(x —
I) = 3. Noticing the regularity in the way terms cancel when expanding (x — 1)(x + 1), (x = 1)(* + x + 1), and (x = 1)(¢ + x*
+ x + 1) might lead them to the general formula for the sum of a geometric series. As they work to solve a problem,
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mathematically proficient students maintain oversight of the process, while attending to the details. They continually
evaluate the reasonableness of their intermediate results.

Organization of the Common Core State Standards
The high school standards specify the mathematics that all students should study in order to be college and career ready.
These high school standards are listed in conceptual categories:

e Number and Quantity e  Modeling
e Algebra e  Geometry
e Functions e  Statistics and Probability

Conceptual categories portray a coherent view of high school mathematics; a student’s work with functions, for example,
crosses a number of traditional course boundaries, potentially up through and including
Modeling is best interpreted not as a collection of isolated topics but in relation to ot

models is a Standard for Mathematical Practice, and specific modeling standards ap

standards. Making mathematical
roughout the high school

Conceptual Categories, then into Domains (larg grades) and
then by Clusters (groups of related standards hool

Content Expectations). In the example provided t umber and
Quantity” (N) and the Domain is “The Real Number " (RN). The Cluster is defined
tional exponents” and includes

N: Number and Quantity conceptua
N.RN: The Real Number System doma

category
N.RN.2: Stand i Real Numbe

The Real Number System N-RN

Extend the properties of exponents to rational exponents.

1. Explain how the definition of the meaning of rational exponents
follows from extending the properties of integer exponents to
A those values, allowing for a notation for radicals in terms of rational
exponents. For example, we define 5Y7 to be the cube root of 5
because we want (5¥7)F = 5423 to hold, so (57%)7 must equal 5.

2. Rewrite expressions involving radicals and rational exponents using
the properties of exponents.
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Standards for Geometry

Congruence G.CO
Experiment with transformations in the plane.

G.CO.I Know precise definitions of angle, circle, perpendicular line, parallel line, and line segment, based on the
undefined notions of point, line, distance along a line, and distance around a circular arc.

G.CO.2 Represent transformations in the plane using, e.g., transparencies and geometry software; describe
transformations as functions that take points in the plane as inputs and give other points as outputs. Compare
transformations that preserve distance and angle to those that do not (e.g., translation versus horizontal
stretch).

G.CO.3 Given a rectangle, parallelogram, trapezoid, or regular polygon, describ
carry it onto itself.

G.CO.4 Develop definitions of rotations, reflections, and translations in te
parallel lines, and line segments.

ions and reflections that
les, circles, perpendicular lines,
graph paper, tracing paper, or geometry software. Specify a ns that will carry a given

figure onto another.
Understand congruence in terms of rigid motions.

G.CO.6 Use geometric descriptions of rigid motions to t en rigid
motion on a given figure; given two figures, use : i i otions to
decide if they are congruent.

G.CO.7 Use the definition of congruence in terms of rigid motion ow that two triangles are congruent if and

only if corresponding pairs of sides and corresponding pairs o es are congruent.
G.CO.8 Explain how the criteria for triangle cong follow from the definition of
congruence in terms of rigid motions.
Prove geometric theorems.
G.CO.9 Prove theorems about lines and angles. : i are congruent; when a transversal

uent; the segment joining midpoints of two sides of a
; the medians of a triangle meet at a point.
de: opposite sides are congruent, opposite angles are

degrees; base a
triangle is par.

cting a line parallel to a given line through a point not on the line.
, a square, and a regular hexagon inscribed in a circle.

Similarity, nght Trlangles, and Trlgonometry G.SRT

passing through the center unchanged.
b. The dilation of a line segment is longer or shorter in the ratio given by the scale factor.

G.SRT.2 Given two figures, use the definition of similarity in terms of similarity transformations to decide if they are
similar; explain using similarity transformations the meaning of similarity for triangles as the equality of all
corresponding pairs of angles and the proportionality of all corresponding pairs of sides.

G.SRT.3 Use the properties of similarity transformations to establish the AA criterion for two triangles to be similar.

Prove theorems involving similarity

G.SRT.4 Prove theorems about triangles. Theorems include: a line parallel to one side of a triangle divides the other
two proportionally, and conversely; the Pythagorean Theorem proved using triangle similarity.

G.SRT.5 Use congruence and similarity criteria for triangles to solve problems and to prove relationships in
geometric figures.
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Define trigonometric ratios and solve problems involving right triangles.
G.SRT.6 Understand that by similarity, side ratios in right triangles are properties of the angles in the triangle, leading
to definitions of trigonometric ratios for acute angles.
G.SRT.7 Explain and use the relationship between the sine and cosine of complementary angles.
G.SRT.8 Use trigonometric ratios and the Pythagorean Theorem to solve right triangles in applied problems. %
Apply trigonometry to general triangles.
G.SRT.9 (+) Derive the formula A = (1/2) ab sin(C) for the area of a triangle by drawing an auxiliary line from a
vertex perpendicular to the opposite side.
G.SRT.10 (+) Prove the Laws of Sines and Cosines and use them to solve problems. (EMPHASIZE SOLVING)
G.SRT.II (+) Understand and apply the Law of Sines and the Law of Cosines to fin nown measurements in right
and non-right triangles (e.g., surveying problems, resultant forces).

Circles
Understand and apply theorems about circles.

G.C.1 Prove that all circles are similar.

G.C.2 Identify and describe relationships among inscribed angles,
central, inscribed, and circumscribed angles; inscribed a
circle is perpendicular to the tangent where the radi

G.C.3 Construct the inscribed and circumscribed circles
quadrilateral inscribed in a circle.

G.C4 (+) Understand and apply theorems about circles. Const
to the circle.

Find arc lengths and areas of sectors of circles.

G.C.5 Derive using similarity the fact that th
and define the radian measure of the an

of a sector.
Expressing Geometric Properties with Equations G.GPE
Translate between the geome i ipti < i onic section.
G.GPE.| Derive the equa i r and radius usi e Pythagorean Theorem; complete the

by an equation.
the equation for a conic section. Derive the equation of a
parabola gi

Use coordinates to prove
G.GPE.4 Use

i ate plane is a rectangle prove or disprove that the point (I,

e origin and containing the point (0, 2).

perpendicular lines and use them to solve geometric problems (e.g.,

Geometric Measurement and Dimension G.GMD
Explain volume formu d use them to solve problems.
G.GMD.I Give an infMargument for the formulas for the circumference of a circle, area of a circle, volume of a
cylinder, pyramid, and cone. Use dissection arguments, Cavalieri’s principle, and informal limit arguments.
G.GMD.3 Use volume formulas for cylinders, pyramids, cones, and spheres to solve problems. %
Visualize relationships between two-dimensional and three-dimensional objects.
G.GMD 4 Identify the shapes of two-dimensional cross-sections of three-dimensional objects, and identify three-

dimensional objects generated by rotations of two-dimensional objects.
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Modeling with Geometry G.MG

Apply geometric concepts in modeling situations.

G.MG.| Use geometric shapes, their measures, and their properties to describe objects (e.g., modeling a tree trunk
or a human torso as a cylinder). %

G.MG.2 Apply concepts of density based on area and volume in modeling situations (e.g., persons per square mile,
BTUs per cubic foot).*S.MD.7 (+) Use probability to evaluate outcomes of decisions. Analyze decisions and
strategies using probability concepts (e.g., product testing, medical testing, pulling a hockey goalie at the end of
a game). %

G.MG.3 Apply geometric methods to solve design problems (e.g., designing an object or structure to satisfy physical
constraints or minimize cost; working with typographic grid systems based on ratios). %

STATISTICS AND PROBABILITY

Conditional Probability and the Rules of Probability S.ID
Understand independence and conditional probability and use the

S.CP.I Describe events as subsets of a sample space (the set of ou ics (or categories) of the
outcomes, or as unions, intersections, or complements o

S.CP.2 Understand that two events A and B are independent together is the
product of their probabilities, and use this characte

S.CP.3 Understand the conditional probability of A give and interpret inde nce of A and
robability of A,

object being classified. Use the two-way ta ide if events are independent and to
approximate conditional probabilities.

everyday situations. For example, compare ha avi if you are a smoker with the

chance of being a smoker if you have lung ca
Use the rules of probability to compute probabili ts in a uniform probability model.
S.CP.6 Find the conditiona outcomes that also belong to A, and
interpret the an
S.CP.7 Apply the Add ) = P(A) + P(B) — P(A and B), and interpret the answer in terms of the
model. %

Rule in a uniform probability model, P(A and B) = [P(A)IX[P(B|A)]
in terms

tcomes of decisions. Analyze decisions and strategies using probability

(e.g., product ing, medical testing, pulling a hockey goalie at the end of a game).*

KEY:
(+) Additional mathematic nts should learn in order to take advanced courses such as calculus, advanced
statistics, or discrete m atics is indicated by (+). All standards without a (+) symbol should be in the common
mathematics curriculum for all college and career ready students. Standards with a (+) symbol may also appear in
courses intended for all students.

% Making mathematical models is a Standard for Mathematical Practice, and specific modeling standards appear throughout

the high school standards indicated by a star symbol (%). The star symbol sometimes appears on the heading for a
group of standards; in that case, it should be understood to apply to all standards in that group.
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APPENDIX I: Strategies to implement the Common Core State Standards

Curriculum Unit Design
One of the ultimate goals of teaching is for students to acquire transferable knowledge
across mathematics concepts as well as other disciplines, such as social studies, science,
and technical subjects. To accomplish this, learning needs to result in a deep
understanding of content and mastery level of skills. As educational designers, teachers
must use both the art and the science of teaching. In planning coherent, rigorous
instructional units of study, it is best to begin with the end in min
Engaging and effective units include:

e appropriate content expectations
students setting goals and monitoring own progress
a focus on big ideas that have great transfer value
focus and essential questions that stimulate inqui
identified valid and relevant skills and process
purposeful real-world applications
relevant and worthy learning experiences
substantial opportunities for students to rec
varied flexible instruction for diverse learners
research-based instructional strategies
appropriate explicit and systematic instruction with her modeling and guided

practice
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Relevance
s rapidly changing world is at the forefront of
not by itself lead all students to academic

ives, and their futures. An engaging and effective

ties for exploration and exposure to new ideas. Real-world
learning expe
in new, diverse

Student Assessme
The assessment process can be a powerful tool for learning if students are actively
involved in the process. Both assessment of learning and assessment for learning are
essential. Reliable formative and summative assessments provide teachers with
information they need to make informed instructional decisions that are more responsive
to students’ needs. Engagement empowers students to take ownership of their learning
and builds confidence over time. Michigan is a governing member of the SMARTER
Balanced Assessment Consortium (SBAC) which will bring together states to create a
common, innovative assessment system for Mathematics and English Language Arts that
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is aligned with the Common Core State Standards and helps prepare students for college
and careers. Sound assessments:
¢ align with learning goals

e vary in type and format

e use authentic performance tasks

e use criteria scoring tools such as rubrics or exemplars

e include substantial, frequent formative assessment with rich, actionable feedback to

students

¢ allow teachers and students to track growth over time

e validate the acquisition of transferable knowledge

e give insight into students’ thinking processes

e cause students to use higher level thinking skills

¢ address guiding questions and identified skills and p

e provide informative feedback for teachers and st

e ask students to reflect on their learning
Connecting the Standards for Mathematical Practic ical. Content
The Standards for Mathematical Practice describe ways in whi ine of

mathematics increasingly ought to engage with the subject matter as
throughout the elementary, middle and high school years. Designers o assessments, and professional

s to mathematical content in mathematics

instruction.

The Standards for Mathematical Content are a balanc : understanding. Expectations that
begin with the word “understand” are often especially g ctices to the content. Students
who lack understanding of a topic may rely on procedu i ase from which to work, they
may be less likely to consider analogous problems, repre : justify conclusions, apply the
mathematics to practical situations, use technology mindfu ematics, explain the mathematics

accurately to other students, step b Vi own procedure to find a shortcut. In short, a

11/07 vers of the Geometry Course/Credit Requirements document. The content
defined by ichigan standard Mathematical Reasoning, Logic, and Proof (L3)

as been removed. The specific expectations are outlined in the
following table. Two on Core State Standards that define content which would be
considered new to Geometry include G.MG.1 and G.MG.3; these two standards emphasize
geometric modeling. Conic sections content has moved from Algebra Il to Geometry
although it is now limited in scope to circles and parabolas. Additional new content to
Geometry includes a set of Common Core State Standards that specify concepts of
probability that include conditional, independent, and compound events.
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CONTENT THAT IS DIFFERENT

MICHIGAN CONTENT THAT DOES NOT TO ALIGN TO THE COMMON CORE STATE STANDARDS

Michigan High School Content Expectations

Common Core
State Standards

Language and Laws of Logic
L3.2.4 Write the converse, inverse, and contrapositive of an "if..., then..." statement.

Use the fact, in mathematical and everyday settings, that the contrapositive is logically
equivalent to the original, while the inverse and converse are not.

Proof
L3.3.1 Know the basic structure for the proof of an "if..., then..." statement (a

equivalent.

L3.3.2 Construct proofs by contradiction. Use counterexamples, wh
disprove a statement.

L3.3.3 Explain the difference between a necessary and a sufficie
statement of a theorem. Determine the correct conclusions based
theorem in which necessary or sufficient conditions in the theorem or
satisfied.

Triangles and Their Properties
G1.2.4 Prove and use the relationships among the si
60°- 90° triangles and 45°- 45°- 90° triangles.

No alignment

Triangles and Trigonometry
G1.3.3 Determine the exact values of sine, cosine, and tang
and their integer multiples and app ious contexts.

No alignment

No alignment

No alignment

quadrilaterals.

No alignment

APPENDIX I11: T

TBD
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