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TED: Ideas Worth Spreading
Dan Myersi Math Class Needs a Makeover (May 2010)

http://www.ted.contalks/dan meyer math curriculum makeover.htmi

Five Problems with Teaching Math

. Lack of initiative

. Lack of perseverance

. Lack of retention

. Aversion to word problems

. Eagerness for formula

Brad Bryant, State Superintendent of Schools
November 2,2010 Pdg @4
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Mathematics Instructional Framework

Mathematics Instructional
Framework

®Opening ®Worksession = Closing

Opening:

Discussion of standard(s), element(s), and E. Q.

Explicit instruction/activity aligned to the standards
and/or elements that include a balance of:

e Skills

e Conceptual understanding

e Problem solving
Modeling:

e Routines

e Problem-solving strategies

¢ Mathematical vocabulary

Sets performance goals and expectations for the work
session

Work Session:

Teacher:
Implements flexible grouping
Allows student struggle time
Assesses student understanding of the standards
Facilitates by providing appropriate hints and
asking questions

e Provides rigorous work

e Provides feedback
Students:

e Engage in performance tasks

e Collaborate with peers

e Communicate using LOTS

Closing:
Teacher:
e Selects students to share solutions
e Explicitly clarifies misconceptions
¢ Informally assesses student understanding
e Identifies future problems for adjustments in

lessonsand interventions

e Celebrates progress towards meeting standards
Students:

e Justify and explain approaches for solving
problems

e Ask questions

e Use mathematical vocabulary, LOTS

e Summarize the main concepts for the day and link
concepts to the standards
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Three-Part Lesson Format

Opening (1015 minutes)

Teacher Focus

Student Focus

20% of Instructional Time Teacher Focused

A
A
A
A

> >

Mini review

Clarify lesson

Clarify questions

Discuss standards and elements and E
(including vocabulary) of the work using
the Languag of the Standards LOTS
Communicate expectations of the work
Set stage for learning

Provide feedback

p>3

> > >y D>

p>N

Reviews GPS standard(s) and element(s) arg@l Hsing
LOTS

Makes clear what students will learn

Clarifies and/or defines vocabulary terms

Delivers mhi-lesson to model strategies and/or scaffold
instruction that connects to the work period

Begins with a simple version of the work session task to g
students engaged

Makes a link to previous lessons or to work in other subje
areas

Demonstrates and ebgins ideas and methods using
technology, SMARTBoard, Airliner, ActivBoard, overhead
etc.

Identifies student weaknesses and misconceptions to be
addressed in the work session

> D>y D>

Reads/writes standard(s) and element(s) ar@. E.
Restates problem in own ward

Completes problems and discusses how arrived
the answer

Shares thinking about problems using LOTS
Responds to learning questions using LOTS
Records focus of lesson in notebook

Listens, takes notes on teacher demonstration of]
mini-lesson

Completes gnahic organizers to make connection
for learning

Work Session (4645 minutes)

Teacher Focus

Student Focus

60% of Instructional Timé& Student Focused

Listen carefully, provide hints, observe and assess, facilitat

Communicate, read/write, defend/justédyplain answers

> >

Activity period

Conferences and questions

Provides feedback, written and oral usil
LOTS (Language of the Standards)
Leads small group guidance, facilitates
Connects standard/elements to work
Prepares for sharing

> >

> > >

Provides instruction bysing differentiated instruction and
best practices strategies

Allows students to share ideas before providing a suggest
Constructs questions based
As ks guestions or gives h
answer is right owrong in order to continue
discussion/dialogue

Allows for practice time

Monitors/facilitates student work groups

Conferences individually with students about work, goals,
revisions

A
A

> >

Identifies strategies for solving problems
Discusses different solutionsdways to approach
solving problems

Works individually, in pairs, or small groups on
assigned task to practice content learned in-mini
lesson

Self assesses work and how work connects to
standards

Completes group tasks , begins preparing for sha
Particpates in group presentation

Reflects on good work

Brad Bryant, State SuperintendentSzthools
November 2,2010 P &g &4
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The Closing (1015 minutes)

Teacher Focus

Student Focus

20% of Instructional Timé
Student & Teacher Focused

Make the connection

Understand the connection

D> D> D>

Summary

Share work and strategies
Connect wok to standards and/or
elements

Identify misconceptions

Clarify learning goals

Assess students understanding
Provide feedback

> > >

Connects learning to the standard(s) and/or element(s)
Can my students answer the Essential Question?

Summarizes the learnirexperience

Gives feedback for students to successfully meet the stan

Assigns followup work

Provides time for students to record homework in agenda

T >

Reviews standards and E.Q. and understand the
connections made in class to answer the questio
Doesmy work meet standards? How?

Shares work with the class and receives feedbac
Summarizes steps of the strategy or process
Writes homework in agenda

Brad Bryant, State SuperintendentSzthools

November 2, 2016
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What is a Warm-Up?

A warm-up:

Beginsimmediately when students enter the classroom
Is an activity thatakes2-3 minutes maximum
Is a part of the daily routine and ritual for each class
Requires no teaching or explanation from teacher
Connects to the lessdinat is to follow
Allows time for the teachdp take attendance
The warmup is part of th©PENING.

o It should be théridge from yesterday to today

o Itis thepreparatiorfor what is to come.

Some examples of what a warrup IS:
Draw a timeline that extends from negative 10 to positive 10
Give a pactice questiofrom the GHSGT or EOCTonly ifrelat ed t o t hat
standard/elemeint
Write the steps (formulad a problem on the board
Read paragraph/section and be ready to discuss/answer the following question:
Write two things you learned yesterday and one thing you still don't unde(sited
outthe door)

Some examples of what a warrup IS NOT:
Requires assigning the task as homework because itlisrtg@nd complicated
to complete during the warup
Copying standards from the board
Looking up wordsand definitions in a dictionary
Unrelated to the lesson that will follow
Requires students to get up to get another book
Requires directions from teacher

THE TEACHER HAS ESTABLISHED THE FOCUS FOR LEARNING

Brad Bryant, State SuperintendentSzthools
November 2, 2010 P&8g &4
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Standards-based Classroom

GPS ‘Iraining Days 1. 2 and 3 Mathematics 1 Research and Resource Manual

What should we see in a standards-based
mathematics classroom?

Warm-up
-connected to the lesson
-starts students thinking in right direction

Mini lesson, opening, setting the stage
-checks for prior knowledge

-raviews needed skills

-left in view for quick access during woik period

Work period, Activity period

-rigorous mathematics

-use of previously learned concepts in service of new idzas
-collaberation and verbalization

-process skills

-individual accountability

Sumnary, Closing

-presentation aud comparison of different approaches

-students commenting on and questioning the approaches of other
students

-teacher guiding the discussion, if nacessary, to solidify concepis,
skills and procedures o be learned

-clarifying of misconceptions

Brad Bryant, State SuperintendentSzthools
November 2,2010 Pag @4
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Multiple Representations
GPS Training Days 1, 2 and 3 Mathematics 1 Research and Resource Manual

Multiple Representations

Pictures

Graphs Tables

Symbols |, Words

Instructional programs from prekindergarten through grade 12 should enable all students to:

» create and use representations to organize, record, and communicate mathematical ideas;
e select, apply, and translate among mathematical representations to solve problems;
» use representations to model and interpret physical, social, and mathematical phenomena.

If mathematics is the "science of patterns" (Steen 1988), representations are the means by which
those patterns are recorded and analyzed. As students become mathematically sophisticated, they
develop an increasingly large repertoire of mathematical representations and the knowledge of
how to use them productively. This knowledge includes choosing specific representations in
order to gain particular insights or achieve particular ends.

In grades 912, students' knowledge and use of representations should expand in scope and
complexity. As they study new content, for example, students will encounter many new
representations for mathematical concepts. They will need to be able to convert flexibly among
these representations. Much of the power of mathematics comes from being able to view and
operate on objects from different perspectives.

National Council of Teachers of Mathematics
Principles and Standards for School Mathematics (Representation Standards for Grades 9-12)

Brad Bryant, State SuperintendentSzthools
November 2, 2016 P a0pfe64
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The Equalizer

Concrete to » abstract
(representations, ideas, applications, materials)

Simple to » complex
(resources, research, issues, problems, skills, goals)

Basic to » transformational
(information, ideas, materials, applications)

Single facets to » multi-facts
(directions, problems, applications, solutions, approaches, disciplinary connections)

Smaller leaps to » oreater leaps
(application, insight, transfer)

More structured to P more open
(solutions, decisions, approaches)

Less independence to » greater independence
(planning, designing, monitoring)

Slow to » faster
(pace of study, pace of thought)

Tomlinson

Brad Bryant, State SuperintendentSzthools
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Math | Unit 3 Overview
(based on APS unit)

Unit 3 Standards & elements Math concepts/topics | Pre-requisites Vocabulary
Geometry MMIG3a,b,c,d,e
Gallery

Formal language of reasoning and justification (communicating mathematical ideas rather than rote pojdwctioolumn
proofs); Explore angles (interior & exterior sums); Triangle inequalities (includinepsigle and exterieangle inequalities);
Triangle congruenciesfocus is on the minimum info needed (SSS, SAS, ASA, AAS, HL); Points of concurrenegténc
orthocenter, circumcenter, centroiByilding on the geometry from grade86Tasks begin with the concrete to build
understanding of the more abstract

Robotic Gallery | MM1G3a convex polygons, using protractors to | exterior angles
Guards measuring angles using| measure angles, interior angles
protractor, measumeent | supplementary angles
error, exterior angles, | extending patterns,
supplementary angles, | convex polygons,

regular polygons, measurement error,
conjecture and proof, | number of degrees in
Exterior Angle Sum trianglenumber,

Theorem, sums of the
measures of the interior
angels of a convex
polygon, measure of
each interior angle of a
regular polygon/sgon,
measure of ez exterior
angle of a regular
polygon/rrgon, algebraic
proofs of geometric
properties

Sum of interior and exterior angles of polygons

Looking for patterns, define relationship between # sides, angles, sum of interior and exterior angles of ¢
polygons (formulas define relationships)

Make conjectures about polygonsen partial information about angles, sides

Brad Bryant, State SuperintendentSzthools
November 2, 20160 P a2pfe64
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Poor Captain
Robot

MM1G3b
Triangle inequality

triangle inequality,
measures of interior
angles of a triangle,
measures of exterior
angles of a triangle,
remote interior angles,
the relationship betweer
the measures of the
angles of a triangle and
the lengths of the sides
(sideangle inequality),
the relationship betweer
an exterior angle of a
triangle and its two
remote interior angles
(exterior angle

inequality)

using protractors to
measure angles,
supplemetary angles,
number of degrees in
triangle

Triangle
inequality, side
angle inequality,
remote interior
angles, exterior
angle inequality

Relationship between the sides and angles of any triangle; relationship between exte
inequality, exterieangle inequality

triangle-Triangle inequality, sidangle

rior and interior ang

Constructing
Pennants

MM1G3c
(SSS, ASA, SAS, AAS, HL, LL)

similarity; congruence;
corresponding parts of
congruent and similar
figures; counterexample
investigating whether
congruence of triangles
can be determined givel
1 or 2 pieces of
information; SSS, ASA,
SAS, AAS, HL, LL
postulates and theorem
proof using the

congruence postulates

similarity,

congruence,
corresponding parts o
congruent and similar,
figures, right triagles,
Pythagorean Theoren

postulate, theoren

Brad Bryant, State SuperintendentSzthools
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What is the minimum information you need to determine if triangles are congruent? Congruence postuls
theorems
Introduce formal proof (algebraic & geometric) as an intro to this task. Construdsiggrials will capitalize of
Aproofing. o

Constructing w | MM1G3d attributes of special attributes of
Diagonals Quadrilaterals quadrilaterals; use of | special
Euclidean tools; guadrilaterals,

constructions; propertiey measuring with

of special quadrilaterals| protractors, use of
proof, including Euclidean tools,
paragraph proofs, flow | constructions
proofs, ad two column
proofs, necessary
conditions, sufficient
conditions

What minimum conditions prove the identity of a quadrilateral?
Relationshipdbetween sides, angles and diagonals of quadrilaberaltganizer to summarize properties is

provided
Constructions, prove conjectures (bsolumn, flow chart, paragraph)
Middles & MM1G3e classifcation of triangleg classification of median (of a
Halves Precursor to points of concurrency in| by sides and angles; triangles by sides and triangle)
triangles definitions of angle angles; basic

bisectors, perpendicular constructions,
bisectors, altitudes, and| including angle

medians; basic bisectors,
constructions, including | perpendicular lines,
angle bisectors, and perpendicular

perpendicular bisector, | bisector; definitions of
altitudes and medians; | angle bisectors,
special properties of perpendicular
isosceles and edateral | bisectors, and
triangles; using altitudes; special
geometric tools; proof | properties of isoscele

Brad Bryant, State SuperintendentSzthools
November 2, 20160 P a4pfe64
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and equilateral
triangles

Basic constructions (using a variety of tools and technology) to explore relationships between altitudes,
angle bisectors, perpendicular bisectors
Builds for understanding of points of concurrency in Centers of Triangles task

Centers of MM1G3e basic constructions, basic constructions, | incenter,
Triangles Points of concurrency: incenter, including angle including angle orthocenter,
orthocenter, circumcenter, and centrq bisectors, perpendicular bisectors, circumcenter, and

bisector, medias, and | perpendicular lines, | centroid
altitudes; discovering | and perpendicular
points of concurrency | bisectors; definitions
and names, significancg of angle bisectors,
and applications perpendicular
bisectors, and aludes

Builds on the Middle and Halves task

Basic constructions (using a variety of tools and technology) to explore relationships between altitudes,
angle bisectors, perpendicular bisectordiszover points of concurrengyto explore relationships between th
points and the type of triangles

Emphasis should be placed on student conjectures on the significance of each point of concurrency and
in decisionmaking

Brad Bryant, State SuperintendentSzthools
November 2, 2016 P a5pfe64
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Math Il Unit 3 Overv iew
(based on APS unit)

Unit 3 Standards & Elements Math concepts/topics Pre-requisites Vocabulary
Circles and MM2G3; MM2G4
Spheres

Properties of circles and spheres
Unlike other units of the Atlanta Public Schools Curriculum Supplement, the taskatpelere vary significantly from those in
the GaDOE Framework. Students are asked to prove the theorems being discovered. There is obviously not time for stud
develop a formal proof, be it two column, paragraph or flowchart, for every theorerdaddh the unit. It is up to individual
teachers to decide which theorems are to be proven and which are justified in a more informal manner. We do feeltives im
that students prove enough theorems, particularly those in the first two taskdetstaimd that properties of circles are simply
applications of triangle congruence and similarity.

Relationships | MM2G3a,b,d central angle, arc, major| definitions of circle, | central angle, arc,
among Central arc, minor arc, radius, diameter, major arc, minor
Angles, Arcs, semicircle, arc measure, circumference; degreg arc, semicircle,
and Chords arc length, congruent measure of a complet( subtend, intercept
arcs, and chord; circle is 360°; arc
biconditional statements| biconditional measure, arc
converse statements statements; converse | length, chord
statements; triangle
congruence postulates
basic construmns
Chords

*Properties of circles are applications of triangle congruence and similarity
*encourages students to keep a Circle Book

Investigating
Circle
Relationships

MM2G3a,b,d

Inscribed angles,
intercepted arcs,
inscribed circles

using a protractor;
exterior angle
theorem; triangle
congruence postulates
angle sums of a

guadrilateral

Inscribed circle;
inscribed polygon

Inscribed angles

Brad Bryant, State SuperintendentSzthools
November 2, 2016 P a6pfe64
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Sunise on the
First Day of the
New Year

MM2G3a,b,d tangent line; secant line; tangent line,
relationships between th secant line
distance from the center
of a circle to a line and
the length of a radius of
the circle;
perpendicularity of a
tangent to a radius of a
circle at the poinof
tangency

Exploring themeasures of angles created by tangents, secants, and chords drawn to a circle
* the use of dynamic geometry software in the development and proof of properties of circles

Investigating MM2G3a,b,d segments formed by proving triangles
Lengths of intersecting chords, similar; ratios of
Segnents intersecting secants, lengths of
intersecting tangents, an corresponding sides 0
a tangent intersecting | similar triangles are
with a secant equal; proving
triangles congruent
Explore therelationships between the lengths of segments created by tangents, secants, and chords drg
to a circle
--Lengths ofsegments formed by intersecting chords, intersecting secants, intersecting tangents, tangen
intersecting with a secant
* use of dynamic geometry software to investigate relationships among lengths of segments formed by
secants, and tangents
Finding Arc MM2G3c finding the length of an | Finding area and arc length, sector
Length and the arc as a portion of the | circumference of of a circle,
Area of a Sector| circumferencef a circle; | circles concentric circles

finding the area of a
sector as a portion of the
area of a circle

Brad Bryant, State SuperintendentSzthools
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Explore the relationship between arc length and area of sector
--finding the lemyth of an arc as a portion of the circumference of a circle; finding the area of a sector as
portion of the area of a circle

Volume and
Surface Area of
a Sphere

MM2G4a,b definitions of sphere, definitions of center, | sphere,
hemisphere, center of a| radius, and diameter; | hemisphere,
sphere, radius of a volume awl surface center of a
sphere, great aile; area of a right circular | sphere, radius of
deriving the formula for | cylinder a sphere, great
the volume and surface circle

area of a sphere; finding
the volume and surface
area of a sphere given tf
radius; finding the radius
of a sphere given the
volume or surface area

derivation and application of formula for volume and surface area of a sphere; the effect of the change |
the radius of a sphere on itsurface area and volume

Brad Bryant, State SuperintendentSzthools
November 2, 2016 P a8pfe64
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Math Il Unit 3 Overview
(based on GaDOE)

Unit 3
Exploring
Exponentia

Standards & elements
MM3AZ2a,b,c,e,f,g

[relatedMM3A1d (analyze graphs of
poly functions of higher degree)
MMS3A3D, d (solve variety of
equations & inequdies)

Math concepts/topics

Pre-requisites

Vocabulary

This unit is not concerned with the properties of logarithms or with solving complex logarithmic equations. Rather, it focuse
on studentsd under g

building student conceptual understandings of logarithnihisunitb u i | d s

exponential functions (includirg), and transformations from Math 1 & Math 2. Before delving into logarithmic functions, it is
important for students to understand nth roots and rational exporsmntke study of these topics is motivated in the first tasks
Review of the essential prerequisites is used as a way to motivate the study of logarithms, primarily common and natural

logarithms.

Planet MM3A2a, b

Exponentia Reviews MM2A5
(Launch tak) Reviews relationships between functions and their inverses in terms of domain and range,
and equations. Begins to build the idea of rational exponents, as a new way for representing roots of exf
when determining the inverse of functiokghile some of the other tasks use the same context as this laun(
is not necessary to have completed the launch task to complete other tasks in unit. This review was incl
becausét is extremely important for students to understand inverses to mderstand the way logarithmic
functions are developed in the subsequent tasks

How Long MM3A2a, b;

MMS3AZ2c, d, e, g(only as related to
exponential functions)

Students are expected to recall knowledge of writing exponential functions. StandardtjM3e, and g will
be addressedlthough not fully developed Specifically, the need for finding the inverse of exponential
expressions will be established (c), students will review characteristics of exponential functions (e), and ¢

will explore phenomena related to exponential functions (element g).

Population of
Exponentia

MM3AZ2c, e, f, g
Review MM2A2b, c, e (stressed in
MM3AZ2e, f, 9)

Brad Bryant, State SuperintendentSzthools
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Students are expected to recall knowledge of exponential functions from Math 2.
Establishes logarithraifunctions as inverses of exponential functions (element c) and engages students it
investigating and determining the characteristics of logarithmic functions (element e). Part 3 of the task
familiarizes students with using logarithms, particularly comingarithms, to solve exponential equations. A
of this is accomplished through the use of phenomena using exponential and logarithmic functions (elem
Remember: This unit does not address the properties of logarithms. This is intentional and wileb

addressed in the next unit. The focus in this
logarithms.

Modeling MM3A2f, g

Natural Reviewe (MM2A2e; MM2A5c)

Phenomena

This task addresses transformations of graphs and explorindhezaipena related to exponential and
logarithmic functions and the definition of the natural logarithm through problems concerning the natural
exponential function.

f(x) = € and f(x) = In x will be graphed. Some basic ideas wfll be reviewed.

The tak is primarily focused on graphing and applying logarithms to situations.

Brad Bryant, State SuperintendentSzthools
November 2, 2016 P 20pfe64
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TASKS - Things to Consider
Identify the standard(s) & element{sjode and gist

What is the MATH in the task?
e What will students learn from doing the task?
e What are the knoledge and skills required to complete the t@skimal not wish
list)?

What is key vocabulary?

As you experience the tggtonsider:

Multiple representations

How the task may need to be modified

The challenges & miscaeptions students may encounter
How task could be differentiated

Questiors or concerns you may have

Brad Bryant, State SuperintendentSzthools
November 2, 2016 P 2ipfe64
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CCGPS Math Il Unit 3, Task Il i Student Edition
Math III: Unit 3 STUDENT Edition Exponential and Logarithmic Functions

CCGPS Mathematics 111
Task 2: Exponential Functions and Their Inverses
Day 1 Student Task

In Math II you learned that an exponential function is any function in the form f(x) = ab *, where
a is any real number other than 0, and b is any positive number other than 1.

In this task we will revisit graphs of exponential functions and then investigate the inverses of
these functions both graphically and algebraically.

1. For each of the 5 functions f(x) = b", where b = % 2,5, and % :

2
2

a. Complete the table below by finding a y-value for each value of x.

— (=] o

[\

b. Use the points determined in part a to graph the function on graph paper.

2. Compare the 5 graphs in Item 1 by discussing each of the following:
a. domain and range
b. intercepts
¢. asymptotes

d. intervals of increase and decrease

Atlanta Public Schools 2010-2011 15
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Math III: Unit 3 STUDENT Edition Exponential and Logarithmic Functions

3. Discuss how the value of the base b affects an exponential function.

4. Consider your graph of f(x) = 2*. Describe how each of the functions listed below would
transform the graph of f. Check your conjecture by graphing the functions using your
graphing calculator. The points (-2, ¥4) and (2, 4) are on the graph of f(x) = 2*. Give the
location of these points after each transformation.

a. g)=2""?
transformation
(-2,%)—
2,4)—

b. j(x)=3(2"
transformation
(-2,Y4)—
2,4)—

c. k(xy=27"
transformation
(-2,%)—
2,4)—

d. Ix)==-2"
transformation
(-2,Y4)—
2,4)—

e. m(x)=2"+3
transformation
(-2,%)—
2,4)—

f. nx)=2"-1
transformation
(-2,%)—
2,4)—

Atlanta Public Schools 2010-2011 16
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