Making Decisions about Mathematics Course Sequences and Accelerating Students

The Tennessee State Mathematics Standards link powerful mathematics content to tightly woven, coherent learning progressions of
skills and practices designed to prepare students for rigor in high school mathematics. Explicit attention is given to the development
of both mathematics content and Standards for Mathematical Practice for all students in all courses. When Tennessee implemented
these new mathematic standards, a closer look at the sequence of courses in middle and high school mathematics was and is critical
to sustaining the integrity of the Standards. Districts will continue to have authority to make decisions and set policy at the local
level to determine how to best accelerate students in their mathematics course of study. This document provides guidance and a
reflective lens for thoughtful discussions among district and school-based educators on a range of issues related to course
sequencing in mathematics. Specifically, this document addresses three inter-related areas and outlines important considerations:

e Increased rigor of grade 8 and the high school standards

e  Offering first year high school courses in middle schools

e Options for accelerating students to allow students to reach advanced courses (such as calculus) by grade 12
e Importantconsiderations

Considerations for Appropriate Acceleration

“Of all the components of curriculum intensity and quality, none has such an obvious and powerful relationship to ultimate
completion of degrees as the highest level of mathematics one studies in high school.” In fact, taking a course beyond Algebra Il
doubles the odds that a student will complete his degree (Adelman, 1999, pp. 16-18). A study by the College Board confirmed this
finding, by examining the relationship between students’ course of study in high school and performance in college. Students who
took more advanced courses, such as Pre-Calculus in the 11" grade or Calculus in the 12" grade, were more successful in college.
Students who take AP Calculus at any time during high school are the most successful (Wyatt and Wiley, 2010). These findings
suggest that students who are capable of handling a rigorous course of study —including taking high school mathematics courses at
the middle school —should be given the opportunity to do so.

When considering mathematics course sequences, it is also important to understand fully the negative consequences of accelerating
students who are underprepared to handle more rigorous mathematics. The Brookings Institute reported that NAEP scores of gt
graders enrolled in Algebra | varied tremendously, with the bottom 10% scoring far below grade level. While NAEP scores have risen
consistently since 2000 for all g™ grade students, NAEP scores of g grade students enrolled in advanced courses have declined. A
report from the Southern Regional Education Board (SREB) found that among students in the lowest quartile on achievement tests,
students enrolled in higher-level mathematics had a slightly higher failure rate than those students enrolled in lower-level
mathematics (Cooney & Bottoms, 2009, p. 2). In all other quartiles, students who scored similarly on achievement tests were less
likely to fail if they were enrolled in more advanced courses. For students not adequately prepared to enroll in advanced courses in
middle school, gaps in knowledge and understanding will persist and possibly increase. Consequentially, these students will
struggle, maybe fail, in subsequent high school mathematics courses.

District and school-based educators must thoughtfully review the power of acceleration for well-prepared mathematics students
while fully understanding the negative impact of acceleration for students for whom mathematical content and practices are not
well-learned. Students who are capable of rigorous mathematical coursework must be provided access to accelerated courses of
study fully accompanied by a variety of proper supports to ensure their success. Decisions regarding appropriate placement should
be made in the best interest of each individual student using appropriate data. Consideration should include, but not be limited to:

Performance on TCAP and TVAAS

Social and emotional maturity of the student

Mathematical ability and maturity

Parentrecommendations

Feedback from teachers and counselors

Student’s self-assessment of his or her mathematical progress
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Increased Rigor of Grade 8 and first year high school courses

The Grade 8 Tennessee math standards provide a strong foundation for high school mathematics with more in-depth study of linear
relationships including solving systems with pairs of linear equations, the idea of a function from a variety of representations,
geometry standards that develop ideas of congruence and similarity through the study of rigid and non-rigid transformations, and a
study of statistics that connect linear relationships with bivariate data.



The Algebra | course includes a more formal study of linear functions, exponential functions and their graphical characteristics, an
introduction to quadratic functions and relationships, transformation of functions graphically and analytically, more advanced
statistics, advanced algebraic manipulations such as factoring and completing the square, and systems of linear inequalities in the
coordinate plane.

The first integrated course, Core Math |, shares many of the algebraic topics contained in Algebra | (with some placed in the second
integrated course, Core Math Il). Core Math | features some of the high school geometry standards to provide connections between
transformations in the plane to the formal study of functions.

All high school courses feature an emphasis on modeling.

High School Mathematics in Middle School

Students who have demonstrated the ability to meet the full expectations of the standards and accelerate their study of
mathematics should be allowed to advance. Districts are encouraged to work with their mathematics leadership, teachers, and
curriculum coordinators to design and facilitate pathways that enable students to participate in accelerated mathematics. A
common approach is to allow students ready to move at a more accelerated pace to take high school courses in middle school. One
option is to allow students to take Algebra | (or Core Math |) in 8" grade. Another option is to compress the standards for any three
consecutive grades and/or courses into an accelerated two-year pathway. In most cases, this would result in teaching the 7" grade,
gt grade, and Algebra | (or Core Math I) standards in compacted courses in grades 7 and 8*. The options outlined in the graphics
below are designed to ensure there is no content skipped so there are no gaps in skills and there is an understanding with full
attention given to the Standards for Mathematical Practice.

e Appendix A (p. 6) shows the recommended standards for a compacted grade 7 course with 7" grade standards and part of
the 8" grade standards.

e Appendix B (p. 12) shows the recommended standards for a compacted grade 8 for the traditional pathway with part of the
grade 8 standards and the Algebra | standards.

e Appendix C (p. 23) shows recommended standards for a compacted grade 8 for the integrated pathway with part of the
grade 8 standards and the Core Math | standards.

The selection and placement of students into accelerated opportunities should be done cautiously and intentionally to ensure
success. Students who follow a compacted pathway will be assuming responsibility for advanced work at an accelerated pace. This

creates a challenge for these students as well as their teachers, who will be teaching within a compressed timeframe the 7t grade,
gt grade and Algebra | (or Core Math 1) standards that are more rigorous than in the past.

For the most advanced students, study of high school content may be appropriate before grade 8. Districts should work to
carefully design pathways to ensure no content is neglected.

Accelerated High School Pathways

High school mathematics will culminate for many students in 12" grade with courses such as Bridge Math, Senior Finite Math, or
Discrete Math. While these courses represent a robust course of study to prepare students for college and career, other students
seek to take STEM courses, perhaps culminating in AP Calculus, for example. While taking high school courses in middle school is
one way to accelerate students, there are other options to consider for a student who takes gt grade math in grade 8:

e Students could “double up” by enrolling in Geometry and Algebra Il the same academic year. (Students could also “double
up” in the integrated pathway: for example, a student could take Core Math Il one semester two periods a day and Core
Math Il next semester two periods a day.)

e Students in schools with semester block schedules can take two high school courses in one academic year.

e Students could take summer courses designed to give students the full experience of a course, with attention to the
Standards for Mathematical Practice.


http://www.tn.gov/education/standards/math/algebra_I.pdf
http://www.tn.gov/education/standards/math/core_math_I.pdf
http://www.tn.gov/education/standards/math/core_math_II.pdf

The graphics below illustrate examples of course progressions for grades 6-12 in the traditional pathway. The first progression
shows a student being accelerated in middle school taking compacted courses in grade 7 and 8. The last two progressions show a
student being accelerated in high school by doubling up his/her freshman or sophomore years.
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The graphics below illustrate examples of course progressions for grades 6-12 in the integrated pathway. The first progression
shows a student being accelerated in middle school taking compacted courses in grade 7 and 8. The second two progressions show
a student being accelerated in high school by doubling up his/her freshman or sophomore years.

Compacting in Middle School, Integrated Pathway

Grade 7+ Part of
Grade 6 part of Grade 8 and Core Math Il Core Math llI PreCalculus Calculus
Grade 8 Core Math |

Doubling Up in High School, Integrated Pathway
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Doubling Up in High School, Integrated Pathway
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Grade 6 Grade 7 Grade 8 Core Math | and PreCalculus Calculus
Core Math Il
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Important Considerations

The following are some final considerations for districts when making decisions to accelerate students:

e Course placement decisions should always be made in the best interest of each individual student.
e No content should be omitted, regardless of how a student is accelerated.

e Full attention should always be given to the Standards for Mathematical Practice.

e Multiple means of support should be given to young students engaging in rigorous course work.

e Avariety of factors should be considered when deciding to accelerate students.

e Avariety of people should be involved in acceleration decisions.

For questions, please contact David Williams, Coordinator of Mathematics Content and Resources at David.S.Williams@tn.gov.
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Appendix A:

Recommended standards for a compacted grade 7 course with 7" grade standards and part of the gt grade standards



Compacted Grade 7: Grade 7 + Part of Grade 8

Domain| Cluster | Standards

1. Apply and extend previous understandings of addition and subtraction to add and subtract rational numbers; represent addition and

subtraction on a horizontal or vertical number line diagram.

a. Describe situations in which opposite quantities combine to make 0. For example, a hydrogen atom has 0 charge because its two
constituents are oppositely charged.

b. Understand p + q as the number located a distance |q| from p, in the positive or negative direction depending on whether q is
positive or negative. Show that a number and its opposite have a sum of 0 (are additive inverses). Interpret sums of rational
numbers by describing real-world contexts.

¢. Understand subtraction of rational numbers as adding the additive inverse, p —q = p + (—q). Show that the distance between two
rational numbers on the number line is the absolute value of their difference, and apply this principle in real-world contexts.

d. Apply properties of operations as strategies to add and subtract rational numbers.

Apply and extend previous understandings of multiplication and division and of fractions to multiply and divide rational numbers.

a. Understand that multiplication is extended from fractions to rational numbers by requiring that operations continue to satisfy the
properties of operations, particularly the distributive property, leading to products such as (-1)(-1) = 1 and the rules for multiplying
signed numbers. Interpret products of rational numbers by describing real-world contexts.

b. Understand that integers can be divided, provided that the divisor is not zero, and every quotient of integers (with non-zero divisor)
is a rational number. If p and q are integers, then —(p/q) = (—p)/q = p/(—q). Interpret quotients of rational numbers by describing real
world contexts.

c. Apply properties of operations as strategies to multiply and divide rational numbers.

d. Convert a rational number to a decimal using long division; know that the decimal form of a rational number terminates in Os or
eventually repeats.

3. Solve real-world and mathematical problems involving the four operations with rational numbers.'

and divide rational numbers. (7)
N

Apply and extend previous understandings of
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)
=
=
(O]
+—
(%)
>
(V]
[
()
o]
=
>
=
()
e
l_

1. Know that numbers that are not rational are called irrational. Understand informally that every number has a decimal expansion; for
rational numbers show that the decimal expansion repeats eventually, and convert a decimal expansion which repeats eventually into a
rational number.

Use rational approximations of irrational numbers to compare the size of irrational numbers, locate them approximately on a number line
diagram, and estimate the value of expressions (e.g., nz). For example, by truncating the decimal expansion of V2, show that V2 is
between 1 and 2, then between 1.4 and 1.5, and explain how to continue on to get better approximations.

Know that there are numbers that
are not rational, and approximate
them by rational numbers. (8)
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Cluster

Standards

.:2: Compute unit rates associated with ratios of fractions, including ratios of lengths, areas and other quantities measured in like or different
g units. For example, if a person walks 1/2 mile in each 1/4 hour, compute the unit rate as the complex fraction 1/2/1/4 miles per hour,
2 ::_,’ equivalently 2 miles per hour.
2 Recognize and represent proportional relationships between quantities.
_E s a. Decide whether two quantities are in a proportional relationship, e.g., by testing for equivalent ratios in a table or graphing on a
% g E coordinate plane and observing whether the graph is a straight line through the origin.
T: g g b. Identify the constant of proportionality (unit rate) in tables, graphs, equations, diagrams, and verbal descriptions of proportional
s§== relationships.
§ g g_ c. Represent proportional relationships by equations. For example, if total cost t is proportional to the number n of items purchased at
o= a constant price p, the relationship between the total cost and the number of items can be expressed as t = pn.
Z,' § d. Explain what a point (x, y) on the graph of a proportional relationship means in terms of the situation, with special attention to the
2 £ points (0, 0) and (1, r) where r is the unit rate.
£ % Use proportional relationships to solve multistep ratio and percent problems. Examples: simple interest, tax, markups and markdowns,
5 gratuities and commissions, fees, percent increase and decrease, percent error.
5 Eo
g8t . . . . N .
v 25 ¢ Apply properties of operations as strategies to add, subtract, factor, and expand linear expressions with rational coefficients.
“g’. "% § 'g Understand that rewriting an expression in different forms in a problem context can shed light on the problem and how the quantities in
s g © g it are related. For example, a + 0.05a = 1.05a means that “increase by 5%” is the same as “multiply by 1.05.”
oo

Solve real-life and mathematical problems
expressions and equations. (7)

Solve multi-step real-life and mathematical problems posed with positive and negative rational numbers in any form (whole numbers,
fractions, and decimals), using tools strategically. Apply properties of operations to calculate with numbers in any form; convert between
forms as appropriate; and assess the reasonableness of answers using mental computation and estimation strategies. For example: If a
woman making 525 an hour gets a 10% raise, she will make an additional 1/10 of her salary an hour, or 52.50, for a new salary of 527.50.

If you want to place a towel bar 9 3/4 inches long in the center of a door that is 27 1/2 inches wide, you will need to place the bar about 9

inches from each edge; this estimate can be used as a check on the exact computation.

Use variables to represent quantities in a real-world or mathematical problem, and construct simple equations and inequalities to solve

problems by reasoning about the quantities.

a. Solve word problems leading to equations of the form px + g = r and p(x + q) = r, where p, g, and r are specific rational numbers. Solve
equations of these forms fluently. Compare an algebraic solution to an arithmetic solution, identifying the sequence of the operations
used in each approach. For example, the perimeter of a rectangle is 54 cm. Its length is 6 cm. What is its width?

b. Solve word problems leading to inequalities of the form px + g > ror px + g < r, where p, g, and r are specific rational numbers. Graph
the solution set of the inequality and interpret it in the context of the problem. For example: As a salesperson, you are paid 550 per
week plus S3 per sale. This week you want your pay to be at least $100. Write an inequality for the number of sales you need to make,
and describe the solutions.




Domain Cluster Standards

1. Know and apply the properties of integer exponents to generate equivalent numerical expressions. For example, Fx3°=37= 1/33 =
1/27.

2. Use square root and cube root symbols to represent solutions to equations of the form X = p and X = p, where p is a positive rational
number. Evaluate square roots of small perfect squares and cube roots of small perfect cubes. Know that v2 is irrational.

3. Use numbers expressed in the form of a single digit times an integer power of 10 to estimate very large or very small quantities, and to
express how many times as much one is than the other. For example, estimate the population of the United States as 3 x 10% and the
population of the world as 7 x 109, and determine that the world population is more than 20 times larger.

4. Perform operations with numbers expressed in scientific notation, including problems where both decimal and scientific notation are
used. Use scientific notation and choose units of appropriate size for measurements of very large or very small quantities (e.g., use
millimeters per year for seafloor spreading). Interpret scientific notation that has been generated by technology.

Work with radicals and
integer exponents. (8)

5. Graph proportional relationships, interpreting the unit rate as the slope of the graph. Compare two different proportional relationships
represented in different ways. For example, compare a distance-time graph to a distance-time equation to determine which of two
moving objects has greater speed.

6. Use similar triangles to explain why the slope m is the same between any two distinct points on a non-vertical line in the coordinate
plane; derive the equation y = mx for a line through the origin and the equation y = mx + b for a line intercepting the vertical axis at b.

Understand the connections between
proportional relationships, lines, and
linear equations. (8)
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7. Solve linear equations in one variable.

a. Give examples of linear equations in one variable with one solution, infinitely many solutions, or no solutions. Show which of these
possibilities is the case by successively transforming the given equation into simpler forms, until an equivalent equation of the form x
=a,a=a,ora=bresults (where a and b are different numbers).

b. Solve linear equations with rational number coefficients, including equations whose solutions require expanding expressions using
the distributive property and collecting like terms.

equations.(8)

Analyze and solve linear equations
and pairs of simultaneous linear
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Cluster Standards
(]
2T f § 1. Solve problems involving scale drawings of geometric figures, including computing actual lengths and areas from a scale drawing and
®© ‘= . . .
g% g % . reproducing a scale drawing at a different scale.
g § § '2 ": 2. Draw (freehand, with ruler and protractor, and with technology) geometric shapes with given conditions. Focus on constructing triangles
§ E’ 253 from three measures of angles or sides, noticing when the conditions determine a unique triangle, more than one triangle, or no triangle.
=2 © C W . . . . . . . . N . . . .
5‘ 582 3. Describe the two-dimensional figures that result from slicing three dimensional figures, as in plane sections of right rectangular prisms
G 3 ) % and right rectangular pyramids.
0w g
s & N 4. Know the formulas for the area and circumference of a circle and use them to solve problems; give an informal derivation of the
T 9 =
Y E g g e relationship between the circumference and area of a circle.
= 7':' 2 § E 5. Use facts about supplementary, complementary, vertical, and adjacent angles in a multi-step problem to write and solve simple equations
©c O &t = . .
(= o
E & 39 for an unknown angle in a figure.
% E £ 8 g 6. Solve real-world and mathematical problems involving area, volume and surface area of two- and three-dimensional objects composed of
@ ‘g’ 2 ° triangles, quadrilaterals, polygons, cubes, and right prisms.
o s 1. Verify experimentally the properties of rotations, reflections, and translations:
"
"é 2 a. Linesare taken to lines, and line segments to line segments of the same length.
T § 5 b. Angles are taken to angles of the same measure.
z § ;’ c. Parallel lines are taken to parallel lines.
S § § 2. Understand that a two-dimensional figure is congruent to another if the second can be obtained from the first by a sequence of
§ = & rotations, reflections, and translations; given two congruent figures, describe a sequence that exhibits the congruence between them.
g 3 2 3. Describe the effect of dilations, translations, rotations, and reflections on two-dimensional figures using coordinates.
%" g £ 4. Understand that a two-dimensional figure is similar to another if the second can be obtained from the first by a sequence of rotations,
- g § reflections, translations, and dilations; given two similar two dimensional figures, describe a sequence that exhibits the similarity
5 9
g &> between them.
g - ° 5. Useinformal arguments to establish facts about the angle sum and exterior angle of triangles, about the angles created when parallel
'32 £ lines are cut by a transversal, and the angle-angle criterion for similarity of triangles. For example, arrange three copies of the same
> triangle so that the sum of the three angles appears to form a line, and give an argument in terms of transversals why this is so.
T
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‘f‘ T g 9. Know the formulas for the volumes of cones, cylinders, and spheres and use them to solve real-world and mathematical problems.
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Standards

Use random sampling
to draw inferences
about a population. (7)

Understand that statistics can be used to gain information about a population by examining a sample of the population; generalizations
about a population from a sample are valid only if the sample is representative of that population. Understand that random sampling
tends to produce representative samples and support valid inferences.

Use data from a random sample to draw inferences about a population with an unknown characteristic of interest. Generate multiple
samples (or simulated samples) of the same size to gauge the variation in estimates or predictions. For example, estimate the mean word
length in a book by randomly sampling words from the book; predict the winner of a school election based on randomly sampled survey
data. Gauge how far off the estimate or prediction might be.

Draw informal
comparative
inferences about two

populations. (7)

Informally assess the degree of visual overlap of two numerical data distributions with similar variabilities, measuring the difference
between the centers by expressing it as a multiple of a measure of variability. For example, the mean height of players on the basketball
team is 10 cm greater than the mean height of players on the soccer team, about twice the variability (mean absolute deviation) on either
team; on a dot plot, the separation between the two distributions of heights is noticeable.

Use measures of center and measures of variability for numerical data from random samples to draw informal comparative inferences
about two populations. For example, decide whether the words in a chapter of a seventh-grade science book are generally longer than
the words in a chapter of a fourth-grade science book.

Investigate chance processes and develop, use,

and evaluate probability models. (7)

Understand that the probability of a chance event is a number between 0 and 1 that expresses the likelihood of the event occurring.
Larger numbers indicate greater likelihood. A probability near 0 indicates an unlikely event, a probability around 1/2 indicates an event
that is neither unlikely nor likely, and a probability near 1 indicates a likely event.

Approximate the probability of a chance event by collecting data on the chance process that produces it and observing its long-run

relative frequency, and predict the approximate relative frequency given the probability. For example, when rolling a number cube 600

times, predict that a 3 or 6 would be rolled roughly 200 times, but probably not exactly 200 times.

Develop a probability model and use it to find probabilities of events. Compare probabilities from a model to observed frequencies; if the

agreement is not good, explain possible sources of the discrepancy.

a. Develop a uniform probability model by assigning equal probability to all outcomes, and use the model to determine probabilities of
events. For example, if a student is selected at random from a class, find the probability that Jane will be selected and the probability
that a girl will be selected.

b. Develop a probability model (which may not be uniform) by observing frequencies in data generated from a chance process. For
example, find the approximate probability that a spinning penny will land heads up or that a tossed paper cup will land open-end
down. Do the outcomes for the spinning penny appear to be equally likely based on the observed frequencies?

Find probabilities of compound events using organized lists, tables, tree diagrams, and simulation.

a. Understand that, just as with simple events, the probability of a compound event is the fraction of outcomes in the sample space
for which the compound event occurs.

b. Represent sample spaces for compound events using methods such as organized lists, tables and tree diagrams. For an event
described in everyday language (e.g., “rolling double sixes”), identify the outcomes in the sample space which compose the event.

c. Design and use a simulation to generate frequencies for compound events. For example, use random digits as a simulation tool to
approximate the answer to the question: If 40% of donors have type A blood, what is the probability that it will take at least 4 donors
to find one with type A blood?

Major Content | | Supporting Content | | Additional Content
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Appendix B:

Recommended standards for a compacted grade 8 in the traditional pathway with part of the grade 8 standards and the Algebra | standards
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Number and Quantity

Compacted Grade 8: Part of Grade 8 + Algebra |

| Domain |

The Real
Number System
(N-RN)

Cluster

rational and
irrational numbers

Use properties of

Standards

Explain why the sum or product of two rational numbers is rational; that the sum of
a rational number and an irrational number is irrational; and that the product of a
nonzero rational number and an irrational number is irrational.

Assessment Limits

There is no additional scope or clarification information for this
standard.

Quantities*
(N-Q)

Reason quantitatively and use
units to solve problems.

Use units as a way to understand problems and to guide the solution of multi-step
problems; choose and interpret units consistently in formulas; choose and interpret
the scale and the origin in graphs and data displays.

There is no additional scope or clarification information for this
standard.

Define appropriate quantities for the purpose of descriptive modeling.

This standard will be assessed in Algebra | by ensuring that some modeling
tasks (involving Algebra | content or securely held content from grades 6-8)
require the student to create a quantity of interest in the situation being
described (i.e., a quantity of interest is not selected for the student by the
task). For example, in a situation involving data, the student might
autonomously decide that a measure of center is a key variable in a
situation, and then choose to work with the mean.

Choose a level of accuracy appropriate to limitations on measurement when
reporting quantities.

There is no additional scope or clarification information for this
standard. There is no additional scope or
clarification information for this standard.

Interpret expressions that represent a quantity in terms of its context.*
a. Interpret parts of an expression, such as terms, factors, and coefficients.

Seeing Structure in Expressions (A-SSE)

(1.151/12):LZt = 1.012°" to reveal the approximate equivalent monthly interest
rate if the annual rate is 15%.

(]

= . . S . There is no additional scope or clarification information for this

= b. Interpret complicated expressions by viewing one or more of their parts as a P f f f

5 . ) ) n standard.

= single entity. For example, interpret P(1+r)" as the product of P and a factor not

é 2 depending on P.

S

= o

'§ 3 i) Tasks are limited to numerical expressions and polynomial

5 © Use the structure of an expression to identify ways to rewrite it. For example, see éxpressions in one Va”ab"i )

= 4 4 2,2 2,2 P . ii) Examples: Recognize 53° - 47 as a difference of squares and

£ X —y as(x)" = (y°), thus recognizing it as a difference of squares that can be : Lo .

2 22 > see an opportunity to rewrite it in the easier-to-evaluate form
factored as (x"—y")(x" +y"). (53+47)(53-47). See an opportunity to rewrite a* + 9a + 14 as
(a+7)(a-2).
Choose and produce an equivalent form of an expression to reveal and explain
. . . *

£ o properties of the quantity represented by the expression. i) Tasks have a real-world context. As described in the standard,
§ g g a. Factor a quadratic expression to reveal the zeros of the function it defines. there is an interplay between the mathematical structure of the
283 b. Complete the square in a quadratic expression to reveal the maximum or expression and the structure of the situation such that choosing
9o ©° L L . and producing an equivalent form of the expression reveals
St § minimum value of the function it defines. . I
x o 2 . . . something about the situation.
os 3 c. Usethe properties of exponents to transfoim expressions for exponential ii) Tasks are limited to exponential expressions with integer
£ '§_ 2 functions. For example the expression 1.15 can be rewritten as exponents.
S o0 12t
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Algebra

o
(=]
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o
5

Arithmetic with Polynomials and

Rational Expressions
(A-APR)

Cluster Standard Assessment Limits

)

D c

c 2 . .

.E o 8 Understand that polynomials form a system analogous to the integers, namely,

T 6 g . . . AT There is no additional scope or clarification information for this

g ® 2 they are closed under the operations of addition, subtraction, and multiplication; standard.

- > . . .
588 add, subtract, and multiply polynomials.
E o
c
v § 3
= = 0
= D 0 =
T 2% 8 . . . N . i imi i i ials in whi
€2 RE Identify zeros of polynomials when suitable factorizations are available, and use i) Tasks are limited to quadratic and cubic polynomials in which
£25 ¢ . . . linear and quadratic factors are available. For example, find the
e @ £ > the zeros to construct a rough graph of the function defined by the polynomial. zeros of (x - 2)(x*- 9)
° [=] .
588°
©® R

Creating Equations*

(A—CED)

Create equations that describe

numbers or relationships

Create equations and inequalities in one variable and use them to solve problems.
Include equations arising from linear and quadratic functions, and simple rational
and exponential functions.

i) Tasks are limited to linear, quadratic, or exponential equations
with integer exponents.

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

There is no additional scope or clarification information for this
standard.

Represent constraints by equations or inequalities, and by systems of equations
and/or inequalities, and interpret solutions as viable or nonviable optionsin a
modeling context. For example, represent inequalities describing nutritional and
cost constraints on combinations of different foods.

There is no additional scope or clarification information for this
standard.

Rearrange formulas to highlight a quantity of interest, using the same reasoning as
in solving equations. For example, rearrange Ohm’s law V = IR to highlight
resistance R.

There is no additional scope or clarification information for this
standard.
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Algebra

Domain

Reasoning with Equations and Inequalities (A-REI)

Cluster Standard Assessment Limits
“— QO
°s
®38c
85 , , , . . . .
Sfow Explain each step in solving a simple equation as following from the equality of
w o . . .
T eSS numbers asserted at the previous step, starting from the assumption that the . . ) )
Swe g . . R . K . K i) Tasks are limited to quadratic equations.
208 original equation has a solution. Construct a viable argument to justify a solution
T = -
s 8 £ method.
c
SHECES
g3
Solve linear equations and inequalities in one variable, including equations with There is no additional scope or clarification information for this
coefficients represented by letters. standard.
2
=
©
=]
o
Qo
£
° .8 . . . .
€5 Solve quadratic equations in one variable.
a3 a. Use the method of completing the square to transform any quadratic equation | For A-REl.4b:
o g . X i fthe f 2 _ hat h h luti i) Tasks do not require students to write solutions for quadratic
§ c ok X_mto an equathn of the form (X—p) =g that has the same solutions. equations that have roots with nonzero imaginary parts.
z Derive the quadratic formula from this form. However, tasks can require the student to recognize cases in
v b. Solve quadratic equations by inspection (e.g., for x” = 49), taking square roots, which a quadratic equation has no real solutions.
© completing the square, the quadratic formula and factoring, as appropriate to
2 Lo . . . . Note, solving a quadratic equation by factoring relies on the
the initial form of the equation. Recognize when the quadratic formula gives . .
. ) . connection between zeros and factors of polynomials (cluster A-
complex solutions and write them as a + bi for real numbers a and b. APR.B). Cluster A-APR.B is formally assessed in A2.
Prove that, given a system of two equations in two variables, replacing one
. . . There is no additional scope or clarification information for this
equation by the sum of that equation and a multiple of the other produces a standard.
system with the same solutions.
%]
¥
%%
25
]
8%

Solve systems of linear equations exactly and approximately (e.g., with graphs),
focusing on pairs of linear equations in two variables.

i) Tasks have a real-world context.
ii) Tasks have hallmarks of modeling as a mathematical practice
(less defined tasks, more of the modeling cycle, etc.).
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Algebra

Domain

Cluster

Standard

Assessment Limits

Reasoning with Equations and Inequalities (A-REI)

Represent and solve equations and inequalities graphically

10. Understand that the graph of an equation in two variables is the set of all its
. . . . . There is no additional scope or clarification information for this
solutions plotted in the coordinate plane, often forming a curve (which could be a standard.
line). '
11. Explain why the x-coordinates of the points where the graphs of the equations y =
f(x) and y = g(x) intersect are the solutions of the equation f(x) = g(x); find the i) Tasks that assess conceptual understanding of the indicated
solutions approximately, e.g., using technology to graph the functions, make concept may involve any of the function types mentioned in the
tabl fval find . imati Includ h %) standard except exponential and logarithmic functions.
aples ot va ues,'or n success!ve appromma lons. Include cases w (?re X ii) Finding the solutions approximately is limited to cases where
and/or g(x) are linear, polynomial, rational, absolute value, exponential, and f(x) and g(x) are polynomial functions.
logarithmic functions.*
12. Graph the solutions to a linear inequality in two variables as a half-plane

(excluding the boundary in the case of a strict inequality), and graph the solution
set to a system of linear inequalities in two variables as the intersection of the
corresponding half-planes.

There is no additional scope or clarification information for this
standard.

Expressions and Equations (8.EE)

Analyze and solve linear equations and pairs of
simultaneous linear equations.

8. Analyze and solve pairs of simultaneous linear equations.

a. Understand that solutions to a system of two linear equations in two variables
correspond to points of intersection of their graphs, because points of
intersection satisfy both equations simultaneously.

b. Solve systems of two linear equations in two variables algebraically, and
estimate solutions by graphing the equations. Solve simple cases by
inspection. For example, 3x + 2y =5 and 3x + 2y = 6 have no solution because
3x + 2y cannot simultaneously be 5 and 6.

c. Solve real-world and mathematical problems leading to two linear equations in
two variables. For example, given coordinates for two pairs of points,
determine whether the line through the first pair of points intersects the line
through the second pair.

8" Grade Standards do not have assessment limits.
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Functions

Domain

Cluster

Standard

Assessment Limits

Functions (8.F)

Define, evaluate, and compare functions.

Understand that a function is a rule that assigns to each input exactly one output.
The graph of a function is the set of ordered pairs consisting of an input and the
correspondingoutput.’

Compare properties of two functions each represented in a different way
(algebraically, graphically, numerically in tables, or by verbal descriptions). For
example, given a linear function represented by a table of values and a linear
function represented by an algebraic expression, determine which function has the
greater rate of change.

Interpret the equation y = mx + b as defining a linear function, whose graph is a
straight line; give examples of functions that are not linear. For example, the
function A = s giving the area of a square as a function of its side length is not
linear because its graph contains the points (1,1), (2,4) and (3,9), which are not on a
straight line.

8" Grade Standards do not have assessment limits.

Use functions to model relationships between quantities.

Construct a function to model a linear relationship between two quantities.
Determine the rate of change and initial value of the function from a description of
a relationship or from two (x, y) values, including reading these from a table or from
a graph. Interpret the rate of change and initial value of a linear function in terms of
the situation it models, and in terms of its graph or a table of values.

Describe qualitatively the functional relationship between two quantities by
analyzing a graph (e.g., where the function is increasing or decreasing, linear or
nonlinear). Sketch a graph that exhibits the qualitative features of a function that
has been described verbally.

8" Grade Standards do not have assessment limits.
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Functions

Domain

Interpreting Functions (F-IF)

Cluster

Standard

Understand that a function from one set (called the domain) to another set (called

the range) assigns to each element of the domain exactly one element of the range.

If fis a function and x is an element of its domain, then f(x) denotes the output of f
corresponding to the input x. The graph of fis the graph of the equation y = f(x).

Assessment Limits

There is no additional scope or clarification information for this
standard.

Calculate and interpret the average rate of change of a function (presented
symbolically or as a table) over a specified interval. Estimate the rate of change
from a graph.*

i) Tasks have a real-world context.

ii) Tasks are limited to linear functions, quadratic functions,
square root functions, cube root functions, piecewise-defined
functions (including step functions and absolute value functions),
and exponential functions with domains in the integers.

c
il
=]
b=
2§
T -
“w~ ©
R
g5
€5 Use function notation, evaluate functions for inputs in their domains, and interpret There is no additional scope or clarification information for this
o 5 statements that use function notation in terms of a context. standard.
ey
2 S
@ T
b5
o
c Recognize that sequences are functions, sometimes defined recursively, whose
> L . . . . " i) This standard is part of the Major work in Algebra | and will be
domain is a subset of the integers. For example, the Fibonacci sequence is defined assessed accordingly
recursively by f(0) = f(1) = 1, f(n+1) = f(n) + f(n-1) forn = 1.
For a function that models a relationship between two quantities, interpret key i) Tasks have a real-world context. _ _

. . i ii) Tasks are limited to linear functions, quadratic functions,
features of graphs and tables in terms of the quantities, and sketch graphs showing square root functions, cube root functions, piecewise-defined
key features given a verbal description of the relationship. Key features include: functions (including step functions and absolute value functions),
intercepts; intervals where the function is increasing, decreasing, positive, or and exponential functions with domains in the integers.

@ negative; relative maximums and minimums; symmetries; end behavior; and ~ Compare note (ii) with standard F-IF.7. The function types
] iodicity.* listed here are the same as those listed in the Algebra | column for
‘5 perioaicity. standards F-IF.6 and F-IF.9.

E

c %

£ 3

g5

(2} . . . .

= Relate the domain of a function to its graph and, where applicable, to the

E = quantitative relationship it describes. For example, if the function h(n) gives the There is no additional scope or clarification information for this
=9 number of person-hours it takes to assemble n engines in a factory, then the standard.

_5 g positive integers would be an appropriate domain for the function.*

=

QO -

S

-

e

s

()]

]

5

The function types listed here are the same as those listed in the
Algebra | column for standards F-IF.4 and F-IF.9.
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Functions

Domain

Cluster

Standard

Assessment Limits

Interpreting Functions (F-IF)

Analyze functions using
different representations

Graph functions expressed symbolically and show key features of the graph, by

hand in simple cases and using technology for more complicated cases.*

a. Graph linear and quadratic functions and show intercepts, maxima, and
minima.

b. Graph square root, cube root, and piecewise-defined functions, including step
functions and absolute value functions.

There is no additional scope or clarification information for this
standard.

Write a function defined by an expression in different but equivalent forms to
reveal and explain different properties of the function.
a. Use the process of factoring and completing the square in a quadratic function

to show zeros, extreme values, and symmetry of the graph, and interpret these

in terms of a context.

There is no additional scope or clarification information for this
standard.

Compare properties of two functions each represented in a different way
(algebraically, graphically, numerically in tables, or by verbal descriptions). For
example, given a graph of one quadratic function and an algebraic expression for
another, say which has the larger maximum.

i) Tasks are limited to linear functions, quadratic functions,
square root functions, cube root functions, piecewise-defined
functions (including step functions and absolute value functions),
and exponential functions with domains in the integers.

The function types listed here are the same as those listed in the
Algebra | column for standards F-IF.4 and F-IF.6.

Building Functions (F-BF)

o 2
2
¥ co0
62238 Write a function that describes a relationship between two quantities.* i) Tasks have a real-world context. ) )
858 c = X e . i . ii) Tasks are limited to linear functions, quadratic functions, and
S28E a. Determine an explicit expression, a recursive process, or steps for calculation exponential functions with domains in the integers.
= % £ from a context.
232
3t
i) Identifying the effect on the graph of replacing f(x) by f(x) + k, k
f(x), f(kx), and f(x+k) for specific values of k (both positive and
g negative) is limited to linear and quadratic functions.
'E =z Identify the effect on the graph of replacing f(x) by f(x) + k, k f{x), f(kx), and f(x + k) i) Experimenting with cases and illustrating an explanation of the
5 .g Y o grap - P g g y ] ’ ’ s effects on the graph using technology is limited to linear
=R for specific values of k (both positive and negative); find the value of k given the functions, quadratic functions, square root functions, cube root
S & graphs. Experiment with cases and illustrate an explanation of the effects on the functions, piecewise-defined functions (including step functions
3£ graph using technology. Include recognizing even and odd functions from their and absolute value functions), and exponential functions with
O k7] h d alaebrai jons for th domains in the integers.
° 3 graphs and algebraic expressions jor them. iii) Tasks do not involve recognizing even and odd functions.
=1
-]

The function types listed in note (ii) are the same as those listed in
the Algebra | column for standards F-IF.4, F-IF.6, and F-IF.9.
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Domain

Cluster

Standard

Assessment Limits

Linear, Quadratic, and Exponential Models*

(F-LE)

Construct and compare linear, quadratic, and
exponential models and solve problems

Interpret expressions for
functions in terms of the
situation they model

Distinguish between situations that can be modeled with linear functions and with

exponential functions.

a. Prove that linear functions grow by equal differences over equal intervals, and
that exponential functions grow by equal factors over equal intervals.

b. Recognize situations in which one quantity changes at a constant rate per unit
interval relative to another.

c. Recognize situations in which a quantity grows or decays by a constant percent
rate per unit interval relative to another.

There is no additional scope or clarification information for this
standard.

Construct linear and exponential functions, including arithmetic and geometric
sequences, given a graph, a description of a relationship, or two input-output pairs
(include reading these from a table).

i) Tasks are limited to constructing linear and exponential
functions in simple context (not multi-step).

Observe using graphs and tables that a quantity increasing exponentially eventually
exceeds a quantity increasing linearly, quadratically, or (more generally) as a
polynomial function.

There is no additional scope or clarification information for this
standard.

Interpret the parameters in a linear or exponential function in terms of a context.

i) Tasks have a real-world context.
ii) Exponential functions are limited to those with domains in the
integers.
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Geometry
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Domain Cluster Standard Assessment Limits

2=

T | Z¢

o0 RS Explain a proof of the Pythagorean Theorem and its converse.

-~ = § Apply the Pythagorean Theorem to determine unknown side lengths in right

-3 & = triangles in real-world and mathematical problems in two and three dimensions. 8" Grade Standards do not have assessment limits.
° ) . S

£ = § Apply the Pythagorean Theorem to find the distance between two pointsin a

8 14 gn coordinate system.

) B £
S5 &

Interpreting Categorical and Quantitative Data (S-1D)

data on a single count or
measurement variable

Summarize, represent, and interpret

Represent data with plots on the real number line (dot plots, histograms, and box
plots).

There is no additional scope or clarification information for this
standard.

Use statistics appropriate to the shape of the data distribution to compare center
(median, mean) and spread (interquartile range, standard deviation) of two or
more different data sets.

There is no additional scope or clarification information for this
standard.

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

There is no additional scope or clarification information for this
standard.

Summarize, represent, and interpret
data on two categorical and
quantitative variables

Summarize categorical data for two categories in two-way frequency tables.
Interpret relative frequencies in the context of the data (including joint, marginal,
and conditional relative frequencies). Recognize possible associations and trends in
the data.

There is no additional scope or clarification information for this
standard.

Represent data on two quantitative variables on a scatter plot, and describe how

the variables are related.

a. Fit a function to the data; use functions fitted to data to solve problems in the
context of the data. Use given functions or choose a function suggested by the
context. Emphasize linear, quadratic, and exponential models.

Informally assess the fit of a function by plotting and analyzing residuals.
Fit a linear function for a scatter plot that suggests a linear association.

For S-ID.6a:

i) Tasks have a real-world context.

i) Exponential functions are limited to those with domains in the
integers.
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Domain Cluster

Standard

Assessment Limits

Interpreting Categorical and
Quantitative Data (S-ID)
Interpret linear models

Interpret the slope (rate of change) and the intercept (constant term) of a linear
model in the context of the data.

There is no additional scope or clarification information for this
standard.

Compute (using technology) and interpret the correlation coefficient of a linear fit.

There is no additional scope or clarification information for this
standard.

Distinguish between correlation and causation.

There is no additional scope or clarification information for this
standard.

Statistics and Probability (8.SP)
Investigate patterns of association in bivariate data.

Construct and interpret scatter plots for bivariate measurement data to investigate
patterns of association between two quantities. Describe patterns such as
clustering, outliers, positive or negative association, linear association, and
nonlinear association.

Know that straight lines are widely used to model relationships between two
quantitative variables. For scatter plots that suggest a linear association, informally
fit a straight line, and informally assess the model fit by judging the closeness of the
data points to the line.

Use the equation of a linear model to solve problems in the context of bivariate
measurement data, interpreting the slope and intercept. For example, in a linear
model for a biology experiment, interpret a slope of 1.5 cm/hr as meaning that an
additional hour of sunlight each day is associated with an additional 1.5 cm in
mature plant height.

Understand that patterns of association can also be seen in bivariate categorical
data by displaying frequencies and relative frequencies in a two-way table.
Construct and interpret a two-way table summarizing data on two categorical
variables collected from the same subjects. Use relative frequencies calculated for
rows or columns to describe possible association between the two variables. For
example, collect data from students in your class on whether or not they have a
curfew on school nights and whether or not they have assigned chores at home. Is
there evidence that those who have a curfew also tend to have chores?

8" Grade Standards do not have assessment limits.

Major Content | | Supporting Content |

Additional Content

*Mathematical Modeling is a Standard for Mathematical Practice (MP4) and a Conceptual Category, and specific modeling standards appear throughout the high school standards indicated with a star (*). Where an
entire domain is marked with a star, each standard in that domain is a modeling standard.
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Appendix C:

Recommended standards for a compacted grade 8 in the integrated pathway with part of the grade 8 standards and the Core Math | standards
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Compacted Grade 8: Part of 8" Grade and Core Math |

Domain | Cluster |
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Standard

1. Use units as a way to understand problems and to guide the solution of multi-step

problems; choose and interpret units consistently in formulas; choose and
interpret the scale and the origin in graphs and data displays.

Scope and Clarifications

There is no additional scope or clarification information for this
standard.

Define appropriate quantities for the purpose of descriptive modeling.

This standard will be assessed in Math | by ensuring that some
modeling tasks (involving Math | content or securely held content
from grades 6-8) require the student to create a quantity of interest
in the situation being described (i.e., a quantity of interest is not
selected for the student by the task). For example, in a situation
involving data, the student might autonomously decide that a
measure of center is a key variable in a situation, and then choose
to work with the mean.

Choose a level of accuracy appropriate to limitations on measurement when
reporting quantities.

There is no additional scope or clarification information for this
standard.

Seeing Structure in Expressions

Creating Equations™

(A—CED)

Interpret the

Write expressions in

Create equations that describe

structure of

equivalent forms to

expressions

solve problems

numbers or relationships

Interpret expressions that represent a quantity in terms of its context.*

a. Interpret parts of an expression, such as terms, factors, and coefficients.
b. Interpret complicated expressions by viewing one or more of their partsas a

single entity. For example, interpret P(1+r)n as the product of P and a factor not
depending on P.

Choose and produce an equivalent form of an expression to reveal and

explain properties of the quantity represented by the expression.*

a. Factor a quadratic expression to reveal the zeros of the function it defines.

c. Use the properties of exponents to transform expressions for exponential
functions. For example the expression 1.15' can be rewritten as (1.151/12)12t =

1.012""to reveal the approximate equivalent monthly interest rate if the
annual rate is 15%.

i) Tasks are limited to exponential expressions, including related
numerical expressions.

There is no additional scope or clarification information for this
standard.

Create equations and inequalities in one variable and use them to solve problems.
Include equations arising from linear and quadratic functions, and simple rational
and exponential functions.

i) Tasks are limited to linear or exponential equations with integer
exponents. ii) Tasks have a real-world context. iii) In the linear case,
tasks have more of the hallmarks of modeling as a mathematical
practice (less defined tasks, more of the modeling cycle, etc.).

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

i) Tasks are limited to linear equations ii) Tasks have a real-world
context. iii) Tasks have the hallmarks of modeling as a mathematical
practice (less defined tasks, more of the modeling cycle, etc.).

Represent constraints by equations or inequalities, and by systems of equations
and/or inequalities, and interpret solutions as viable or nonviable optionsin a
modeling context. For example, represent inequalities describing nutritional and
cost constraints on combinations of different foods.

There is no additional scope or clarification information for this
standard.

Rearrange formulas to highlight a quantity of interest, using the same reasoning as
in solving equations. For example, rearrange Ohm’s law V = IR to highlight
resistance R.

i) Tasks are limited to linear equations
ii) Tasks have a real-world context.
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Algebra

Domain

o
f =
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-

Standard

Scope and Clarifications

Reasoning with Equations and Inequalities
(A-REI)

Solve equations
and inequalities

in one variable

3. Solve linear equations and inequalities in one variable, including equations with
coefficients represented by letters.

There is no additional scope or clarification information for this
standard.

Solve systems of

equations

5. Prove that, given a system of two equations in two variables, replacing one
equation by the sum of that equation and a multiple of the other produces a
system with the same solutions.

There is no additional scope or clarification information for this
standard.

6. Solve systems of linear equations exactly and approximately (e.g., with graphs),
focusing on pairs of linear equations in two variables.

There is no additional scope or clarification information for this
standard.

Represent and solve equations and

inequalities graphically

10. Understand that the graph of an equation in two variables is the set of all its
solutions plotted in the coordinate plane, often forming a curve (which could be a
line).

There is no additional scope or clarification information for this
standard.

11. Explain why the x-coordinates of the points where the graphs of the equations y =
fix) and y = g(x) intersect are the solutions of the equation f(x) = g(x); find the
solutions approximately, e.g., using technology to graph the functions, make
tables of values, or find successive approximations. Include cases where f{x)
and/or g(x) are linear, polynomial, rational, absolute value, exponential, and
logarithmic functions.*

i) Tasks that assess conceptual understanding of the indicated
concept may involve any of the function types mentioned in the
standard except exponential and logarithmic functions. ii) Finding
the solutions approximately is limited to cases where f(x) and g(x)
are polynomial.

12. Graph the solutions to a linear inequality in two variables as a halfplane (excluding
the boundary in the case of a strict inequality), and graph the solution set to a
system of linear inequalities in two variables as the intersection of the
corresponding half-planes.

There is no additional scope or clarification information for this
standard.

Expressions and Equations (8.EE)

Analyze and solve linear equations and

8. Analyze and solve pairs of simultaneous linear equations.

a. Understand that solutions to a system of two linear equations in two variables
correspond to points of intersection of their graphs, because points of
intersection satisfy both equations simultaneously.

b. Solve systems of two linear equations in two variables algebraically, and
estimate solutions by graphing the equations. Solve simple cases by
inspection. For example, 3x + 2y =5 and 3x + 2y = 6 have no solution because
3x + 2y cannot simultaneously be 5 and 6.

c. Solve real-world and mathematical problems leading to two linear equations
in two variables. For example, given coordinates for two pairs of points,
determine whether the line through the first pair of points intersects the line
through the second pair.

8" Grade Standards do not have assessment limits.
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Domain Cluster Standard Scope and Clarifications

»
5 Understand that a function is a rule that assigns to each input exactly one output.
'é The graph of a function is the set of ordered pairs consisting of an input and the
3 corresponding output.1
g Compare properties of two functions each represented in a different way
g- (algebraically, graphically, numerically in tables, or by verbal descriptions). For
S example, given a linear function represented by a table of values and a linear
T function represented by an algebraic expression, determine which function has the 8" Grade Standards do not have assessment limits.
0 greater rate of change.
% Interpret the equation y = mx + b as defining a linear function, whose graphis a
‘—=; straight line; give examples of functions that are not linear. For example, the
& function A = s2 giving the area of a square as a function of its side length is not
dcf linear because its graph contains the points (1,1), (2,4) and (3,9), which are not on
i a straight line.
o

™

*x

(7]

c

O

=

Q

c

S

Ll

Use functions to model relationships
between quantities.

Construct a function to model a linear relationship between two quantities.
Determine the rate of change and initial value of the function from a description
of a relationship or from two (x, y) values, including reading these from a table or
from a graph. Interpret the rate of change and initial value of a linear function in
terms of the situation it models, and in terms of its graph or a table of values.
Describe qualitatively the functional relationship between two quantities by
analyzing a graph (e.g., where the function is increasing or decreasing, linear or
nonlinear). Sketch a graph that exhibits the qualitative features of a function that
has been described verbally.

8" Grade Standards do not have assessment limits.
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Interpreting Functions

(F-IF)

Cluster

Standard

Understand that a function from one set (called the domain) to another set (called
the range) assigns to each element of the domain exactly one element of the
range. If fis a function and x is an element of its domain, then f(x) denotes the

Scope and Clarifications

There is no additional scope or clarification information for this

symbolically or as a table) over a specified interval. Estimate the rate of change
from a graph. *

§ c ) . ) standard.
2D 2 output of f corresponding to the input x. The graph of fis the graph of the
[} .
S© sy equation y = f(x).
Q o €
S E ¢
S o . . . . . . . .
"% S & Use function notation, evaluate functions for inputs in their domains, and interpret There is no additional scope or clarification information for this
o § statements that use function notation in terms of a context. standard.
9 6 o
2° 8
= Recognize that sequences are functions, sometimes defined recursively, whose
L . . . . . There is no additional scope or clarification information for this
domain is a subset of the integers. For example, the Fibonacci sequence is defined standard
recursively by f(0) = f(1) = 1, f(n+1) = f(n) + f(n-1) forn 2 1.
For a function that models a relationship between two quantities, interpret key i) Tasks have a real-world context.
features of graphs and tables in terms of the quantities, and sketch graphs i) Tasks are limited to linear functions, square root functions, cube
@ showing key features given a verbal description of the relationship. Key features root functions, piecewise-defined functions (including step functions
o . . . L. . . .. and absolute value functions), and exponential functions with
= include: intercepts; intervals where the function is increasing, decreasing, positive, domains in the integers.
Lg’_ or negative; relative maximums and minimums; symmetries; end behavior; and The function types listed here are the same as those listed in the
o periodicity. * Math | column for standards F-IF.6 and F-IF.9.
£ 3
28
-—
= . . . . B
&2 Relate the domain of a function to its graph and, where applicable, to the i) Tasks have a real-world context.
- . . . . . . . . . i i i i 1 1
£% quantitative relationship it describes. For example, if the function h(n) gives the li) Tasks are limited to linear functions, square root functions, cube
S b h it takes t bl . . " then th root functions, piecewise-defined functions (including step functions
g g nun? .er t.prerson- ours it takes to ass.em en eﬁgmes ina fac 'Ory’* enthe and absolute value functions), and exponential functions with
hé ] positive integers would be an appropriate domain for the function. domains in the integers.
3 £
° i) Tasks have a real-world context.
s ii) Tasks are limited to linear functions, square root functions, cube
] Iculate and interpret the average rate of change of a function (presented i i i ) ions (i i i
9 Calcu P g g p root functions, piecewise-defined functions (including step functions
c

and absolute value functions), and exponential functions with
domains in the integers.

The function types listed here are the same as those listed in the
Math | column for standards F-IF.4 and F-IF.9.

Analyze functions using

Graph functions expressed symbolically and show key features of the graph, by

hand in simple cases and using technology for more complicated cases. *

a. Graph linear and quadratic functions and show intercepts, maxima, and
minima.

i) Tasks are limited to linear functions.

Compare properties of two functions each represented in a different way
(algebraically, graphically, numerically in tables, or by verbal descriptions). For
example, given a graph of one quadratic function and an algebraic expression for
another, say which has the larger maximum.

i) Tasks have a real-world context.

ii) Tasks are limited to linear functions, square root functions, cube
root functions, piecewise-defined functions (including step functions
and absolute value functions), and exponential functions with
domains in the integers.

The function types listed here are the same as those listed in the
Math | column for standards F-IF.4 and F-IF.6.
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Domain

Cluster

Standard

Scope and Clarifications

Building Functions
(F-BF)

Build a function that models a
relationship between two quantities

1. Write a function that describes a relationship between two quantities.*
a. Determine an explicit expression, a recursive process, or steps for calculation
from a context.

i) Tasks have a real-world context.
ii) Tasks are limited to linear functions and exponential functions
with domains in the integers.

2. Write arithmetic and geometric sequences both recursively and with an explicit
formula, use them to model situations, and translate between the two forms.*

There is no additional scope or clarification information for this
standard.

Linear, Quadratic, and Exponential Models* (F-
LE)

Construct and compare linear, quadratic, and
exponential models and solve problems

1. Distinguish between situations that can be modeled with linear functions and with

exponential functions.

a. Prove that linear functions grow by equal differences over equal intervals, and
that exponential functions grow by equal factors over equal intervals.

b. Recognize situations in which one quantity changes at a constant rate per unit
interval relative to another.

c. Recognize situations in which a quantity grows or decays by a constant
percent rate per unit interval relative to another.

There is no additional scope or clarification information for this
standard.

2. Construct linear and exponential functions, including arithmetic and geometric
sequences, given a graph, a description of a relationship, or two input-output pairs
(include reading these from a table).

There is no additional scope or clarification information for this
standard.

3. Observe using graphs and tables that a quantity increasing exponentially
eventually exceeds a quantity increasing linearly, quadratically, or (more
generally) as a polynomial function.

There is no additional scope or clarification information for this
standard.

Interpret expressions for
functions in terms of the

5. Interpret the parameters in a linear or exponential function in terms of a context.

There is no additional scope or clarification information for this
standard.
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4. Develop definitions of rotations, reflections, and translations in terms of angles,

circles, perpendicular lines, parallel lines, and line segments.

There is no additional scope or clarification information for this
standard.

Domain Cluster Standard Scope and Clarifications
= .
© >5 _ .
0 2 S Explain a proof of the Pythagorean Theorem and its converse.
S . . . .
> .‘é = Apply the Pythagorean Theorem to determine unknown side lengths in right i
Vi © § triangles in real-world and mathematical problems in two and three dimensions. 8" Grade Standards do not have assessment limits.
° . . S
£ = ;50 Apply the Pythagorean Theorem to find the distance between two pointsin a
S 2o coordinate system.
v B
© <
=)
Know precise definitions of angle, circle, perpendicular line, parallel line, and line
X . . . . . There is no additional scope or clarification information for this
segment, based on the undefined notions of point, line, distance along a line, and standard.
distance around a circular arc.
Represent transformations in the plane using, e.g., transparencies and geometry
software; describe transformations as functions that take points in the plane as
. . . . There is no additional scope or clarification information for this
inputs and give other points as outputs. Compare transformations that preserve standard.
g distance and angle to those that do not (e.g., translation versus horizontal
o stretch).
(1]
=
— z
o =
o 2
] o
9 ®
9 g 3. Given arectangle, parallelogram, trapezoid, or regular polygon, describe the There is no additional scope or clarification information for this
S 2 rotations and reflections that carry it onto itself. standard.
S o
S -
(<T] <
c £
<) 3
o c
(7]
£
@
Qo
X
w

5. 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.

There is no additional scope or clarification information for this
standard.
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Geometry

Domain

Congruence (G-CO)

Cluster

Standard

Scope and Clarifications

congruent, opposite angles are congruent, the diagonals of a parallelogram bisect
each other, and conversely, rectangles are parallelograms with congruent
diagonals.

6. Use geometric descriptions of rigid motions to transform figures and to predict the
. . . . . . X There is no additional scope or clarification information for
effect of a given rigid motion on a given figure; given two figures, use the this standard.
c definition of congruence in terms of rigid motions to decide if they are congruent.
£,
g5
g8
w E
ST . . .. .
S ™ 7. Use the definition of congruence in terms of rigid motions to show that two
T = . . . . . . There is no additional scope or clarification information for this
€% triangles are congruent if and only if corresponding pairs of sides and <tandard
g corresponding pairs of angles are congruent.
[T
£l
=)
8. Explain how the criteria for triangle congruence (ASA, SAS, and SSS) follow from There is no additional scope or clarification information for this
the definition of congruence in terms of rigid motions. standard.
9. Prove theorems about lines and angles. Theorems include: vertical angles are
congruent; when a transversal crosses parallel lines, alternate interior angles are
. . . There is no additional scope or clarification information for this
congruent and corresponding angles are congruent; points on a perpendicular <tandard
bisector of a line segment are exactly those equidistant from the segment’s
endpoints.
%]
£
o
2
% 10. Prove theorems about triangles. Theorems include: measures of interior angles of
'.E a triangle sum to 180°; base angles of isosceles triangles are congruent; the There is no additional scope or clarification information for this
g segment joining midpoints of two sides of a triangle is parallel to the third side and standard.
o half the length; the medians of a triangle meet at a point.
g
2
a
11. Prove theorems about parallelograms. Theorems include: opposite sides are

There is no additional scope or clarification information for
this standard.
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Domain

Cluster

Standard

Scope and Clarifications

Statistics and Probability (8.SP)

Investigate patterns of association in bivariate data.

Construct and interpret scatter plots for bivariate measurement data to investigate
patterns of association between two quantities. Describe patterns such as
clustering, outliers, positive or negative association, linear association, and
nonlinear association.

Know that straight lines are widely used to model relationships between two
guantitative variables. For scatter plots that suggest a linear association,
informally fit a straight line, and informally assess the model fit by judging the
closeness of the data points to the line.

Use the equation of a linear model to solve problems in the context of bivariate
measurement data, interpreting the slope and intercept. For example, in a linear
model for a biology experiment, interpret a slope of 1.5 cm/hr as meaning that an
additional hour of sunlight each day is associated with an additional 1.5 cmin
mature plant height.

Understand that patterns of association can also be seen in bivariate categorical
data by displaying frequencies and relative frequencies in a two-way table.
Construct and interpret a two-way table summarizing data on two categorical
variables collected from the same subjects. Use relative frequencies calculated for
rows or columns to describe possible association between the two variables. For
example, collect data from students in your class on whether or not they have a
curfew on school nights and whether or not they have assigned chores at home. Is
there evidence that those who have a curfew also tend to have chores?

8" Grade Standards do not have assessment limits.

Interpreting Categorical and

Quantitative Data

(s-ID)

Summarize, represent, and interpret data
on a single count or measurement variable

Represent data with plots on the real number line (dot plots, histograms, and box
plots).

There is no additional scope or clarification information for this
standard.

Use statistics appropriate to the shape of the data distribution to compare center
(median, mean) and spread (interquartile range, standard deviation) of two or
more different data sets.

There is no additional scope or clarification information for this
standard.

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

There is no additional scope or clarification information for this
standard.
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Domain

Interpreting Categorical and Quantitative

Data (S-ID)

o
c
(7]
=+
(1]
-

Summarize, represent, and interpret
Data on two categorical and

quantitative variables

Standard

Summarize categorical data for two categories in two-way frequency tables.
Interpret relative frequencies in the context of the data (including joint, marginal,
and conditional relative frequencies). Recognize possible associations and trends
in the data.

Scope and Clarifications

There is no additional scope or clarification information for this
standard.

Represent data on two quantitative variables on a scatter plot, and describe how

the variables are related.

a. Fit a function to the data; use functions fitted to data to solve problems in the
context of the data. Use given functions or choose a function suggested by the
context. Emphasize linear, quadratic, and exponential models.

c. Fitalinear function for a scatter plot that suggests a linear association.

i) Tasks have real-world context.
ii) Tasks are limited to linear functions and exponential functions
with domains in the integers.

Interpret linear

Interpret the slope (rate of change) and the intercept (constant term) of a linear
model in the context of the data.

There is no additional scope or clarification information for this
standard.

Compute (using technology) and interpret the correlation coefficient of a linear fit.

There is no additional scope or clarification information for this
standard.

Distinguish between correlation and causation.

There is no additional scope or clarification information for this
standard.

Additional Content

*Mathematical Modeling is a Standard for Mathematical Practice (MP4) and a Conceptual Category, and specific modeling standards appear throughout the high school standards indicated with a star (*). Where an
entire domain is marked with a star, each standard in that domain is a modeling standard.

Major Content | | Supporting Content | |
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