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Overview

» HBS: Pathways and Possibllities

» Building a Graduation Pathway

» New Course: Algebraic Reasoning
» Effective Instruction
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HB5: Pathways and Possibilities
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HBS Graduation Requirements

Foundation Endorsement

» 3 math credits » 4'h math credit

» Algebra 1 and Geometry » 5 possible endorsements
required » STEM

> "Advanced Math” » Business and Industry

» Arts and Humanities
» Public Service
» Multidisciplinary
» STEM: Must include Algebra 2

cosenza

& ASSO MNES WWW.Cosenzaassociates.com

innovation (h ealication

§



HBS — Foundation Requirements
Advanced Mathematics

Mathematical
Models with
Applications;

Mathematical
Applications in
Agriculture, Food,
and Natural
Resources (CTE);

Digital Electronics
(CTE); and

Robotics
Programming and
Design (Tech).
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Algebra ll;
Precalculus;

Advanced Quantitative
Reasoning;

Independent Study in
Mathematics;

Discrete Mathematics for Problem
Solving;

Algebraic Reasoning;

Statistics;

AP Statistics;

AP Calculus AB, AP Calculus BC
AP Computer Science;

IB Mathematics courses

Engineering Mathematics;
(CTE)

Statistics and Risk
Management; (CTE)

New title: Stafistics and
Business Decision Making
(2017)

Discrete Mathematics for
Computer Science; (Tech)
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HB5 — Endorsement Possibilities

To earn an endorsement, a student must obtain a fourth mathematics credit (1.0 or 0.5 + 0.5)

» Algebrall; » IHE credit eligible courses

» Precalculus; » Courses required for industry-recognized
» Advanced Quantitative Reasoning; el 's

» Independent Study inMIRETICHES » College Preparatory Mathematics course
» Discrete Mathematics for Problem Solving; e in 2017-18:

» Algebraic Reasoning; E Accc.aun’ring Qi TE) . .

> Stafiies > /(A\éDTFI;“—ech\]?,Og]eI/C,))r Technical Professionals
» AP Statistics, Calculus, Computer Science; Financial Mathematics (CTE)

» International Baccalaureate (IB) courses Bl o Enoineering Technology |
» Engineering Mathematics; (CTE) (CTE — Alg2 Recommended)

» Statistics and Risk Management; (CTE) » Math for Medical Professionals (CTE)

» Discrete Mathematics for Computer » Robotics Il (CTE)

Science; (Tech)
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Building ©
Graduation Pathway
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Possible Pathway
STEM: Engineering Focus

Algebra 1 (F) Geometry (F) Algebra 2 (F) Precalculus (E)

COMESIDIS ©f Principles of Engineering Design and
ROTC/PE Engineering and

Technology (E) Technology (E) Problem Solving (E)
English 1 (F) English 2 (F) English 3 (F) English 4 (F)
Foreign Language 1 Foreign Language 2 : Engineering
(F) (F) ANS A ({7 Mathematics (E)

: : , AP Physics, AP Biology, or
Biology (F) Chemistry (F) Physics (F) AP Chyemis’rry (E) 9y

Wor ity () Wk Geography (8 UsHstoy (1 £, TTEN

Elective (F) Elective (F) Elective (F) Elective (F)
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Possible Pathway
Public Services: Medical Focus

Algebra 1 (F) Geometry (F) Algebra 2 (F)

English 1 (F) English 2 (F) English 3 (F) English 4 (F)

Foreign Language 1 (F) Foreign Language 2 (F) Fine Art (F)

Biology (F) Chemisiry (F) (AFr)‘Ofomy & Physiclogy

World History (F) World Geography (E)  US History (F) Scoovfgrr;r?ces”(z)

Elec’rive (F) Elective (F) Elective (F) Elective (F)

%) &SR0
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Possible Pathway
Mulfidisciplinary Studies

Algebra 1 (F) Geometry (F) /(AI\:I)gebrmc Reasoning

ROTC/PE Becive(®  Hecivel®

English 1 (F) English 2 (F) English 3 (F) English 4 (F/E)

Foreign Language 1 Foreign Language 2 Fine Art (F) Flective
(F) (F)

Biology (F) Chemistry (F) Physics(F) _

Elective (F) Elective (F) Elective (F) Elective (F)

» four credits in each of the four foundation subject areas to include English IV
cosenza and chemistry and/or physics
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New Course:
Algebraic Reasoning
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Algebraic Reasoning: Background

» Impetus: Not enough “advanced math” that didn't require Algebra 2
as a prerequisite

» Originally envisioned by Texas SBOE as an “applied Algebra 2" course
» Originally thought of as an Algebra 2 alternative

» Committee was assembled in 2014 to develop TEKS for both
Algebraic Reasoning and non-AP Statistics

» TEKS were approved in 2015 for mplementation in the 2015-16 school
year.

» Instructional materials to be reviewed under Proclamation 2017
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Algebraic Reasoning: TEKS

» AR.1: Mathematical Processes » AR.5: Number and Algebraic

» AR.2: Patterns and Structure Methods
» Finite differences and » Matrices
functions » AR.6: Number and Algebraic
» AR.3: Patterns and Structure Methods
» Attributes of Algebra 2 » Estimatfing and determining

solutions to equations

function families :
related to functions

» AR.4: Number and Algebraic ,
Methods » AR.7: Modeling from Data
» Using functions to model

» Function operations
real-world data
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Algebraic
Reasoning

Compare and contrast key
attributes of functions (f(x) = x, f(x)
=x2, f(x) =X, f(x) =1/, f(x) =x3, f(x)
= 3\/x f(x) = bX, f(x) = |x| and f(x)

=log,, (X) where bis 10 ore)
tabularly, graphically, and
symbolically (AR.3A).

Use matrices and
technology to solve
systems of 3 linear
equations (AR.5E)

Approximate the solutions
to equations related to
exponential, logarithmic,
square root, and cubic
functions (AR.6C)

Use finite differences and
average rates of change to
determine function models

(linear, quadratic, and
exponential) for real-world data
sets (AR.7D) and use them to
solve problems (AR.7C).

Algebra 2

Graph and analyze key
attributes of graph the
functions f(x)=\x, f(x)=1/x,
f(x)=x3, f(x)= 3Vx, f(x)=bx,
f(x)=1x|, and f(x)=logb (x)
where b is 2, 10, and e
(2A.2A)

Use matrices, substitution,
elimination, and fechnology o
solve systems of 3 linear
equations (2A.3B)

Solve exponential and
logarithmic equations
(2A.5D), square root
equations (2A.4F), and
cube root equations (2A.6B)

Use regression methods through
tfechnology to determine
function models (linear,
quadratic, exponential) for
data sets (2A.8B) and use them
to solve problems (2A.8C).
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How Is Algebraic Reasoning Being
Usede

» Algebra 1 is arequired prerequisite. Otherwise...

Algebra 1 Algebraic Reasoning Geometry Algebra 2

Algebra 1 Geomertry Algebraic Reasoning  Algelbra 2

Algebra 1 Math Models Geometry Algebraic Reasoning
Algebra 1 Geometry Algebraic Reasoning  Statistics

Algebra 1 Geometry Algebraic Reasoning CTE Math

Algebra 1 Geometry Algebraic Reasoning Financial Math
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No one ever says to a teacher, “Wow, |
remember that really cool worksheet we did!”

-—-Karen Karp, CAMT 2016 Opening Session

Effective Instruction
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Inquiry-Based Instruction: S5E

es of Functions

» Engage: connect back to |
prior knowledge.

In this lesson, the Engage
reaches back to

g . ENGAGE
reflections with e
coordinate geometry

(Grade 8, Geometry)

» Explore: investigation
U Si N g -I- ec h ale) | O g y ! d a -I- q, Across the w-sxis, A(-5, 41 813, 8) C1-4, 4) D5, -8 E1-2, -5)

- oo —————————————————
or concrete objects. i T

cosen Z a 5.1 = GENFRATING INVFRSFS OF FUNCTIONS 263
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Inquiry-Based Instruction: S5E

Explore: In this case, real-
world data is used to »
generate a scatterplotf.

SPEED

The second'd:fferences are app}oxymately canstank (9.5) so the data set
represents a quadratic function.
T

Patty paper is used to
reﬂeCT The dGTO AcCross The mmgdm.m;sthe,,.d.p._.nd,,;tu,,,,m.mds‘pm;sm'de,,.n_
ine y = x (geometric view of e |

scatterplat is the name ot
the dependent variable

.
varsus Lhe name ol Lhe
independent variable.

speed Is the lndepen—
dent varlable and dis-

Tables are used to organize e
the data.

Reflective questions are
used to begin formalizing e
key i deOS . 'tr::lr‘rrv‘:o;so:caﬂarp!otkamﬂectlono hsorlglnal<cnttarmotacro
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Speed vs. Braking Distance
SPEED, x BRAKING BRAKING SPEED, y

(MILES | DISTANCE. DISTANCE. |  (MILES’
PERHOUR) | y(FEET) x{FEET) | PER HOUR)

See margin.

Graph the fun

the inverse of

with the sk pe nd Ivvfrltr‘l‘fs\ fﬂw inver
See margin.

Graph the fun,
nt the inverse ¢
2

See margin.

How can you use a graph to generate the inverse of a function?
Reflect the graph of the original function across the line y = x.

How can you use a table to generate the inverse of a function?
Reverse the independent and dependent varlables.

How are the domain and range of a function related to the domain and
range of its inverse?
The domain of the function is the range of its inverse.
The range of the function is the domain of Its Inverse.
Is the inverse of a function always a new function? Explain your answer.
See margin.

3.1 2 GENERATING INVE
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Inquiry-Based Instruction: S5E

Celsius to Fahrenheit, 7(v) Fahrenheit to Celsius, C(v)

TEMPERATURE | TEMPERATURE TEMPERATURE | TEMPERATURE
IN CELSIUS IN FAHRENHEIT IN FAHRE! T IN CELSIUS

. . A function is a relationship between an independent variable and a dependent vari-
O able. The values of the independent variable are called the domain of the function and
° the values of the dependent variable are called the range of the function.
But what happens if the relationship . function
2!

o is reversed and the range values be-
re res e I I O I O I lS O come the input while the domain
values become the output? That sit-

uation is called an inverse relation.
The range of the original function

. .
becomes the domain of the inverse
I Z y I ° relation, and the domain of the orig-
inal function becomes the range of
the inverse relation

" The domain of F(x), the Cel to Fahrenheit conversion function, becomes the range
You can generate inw of func-

I I 1 1 I I ( > ( > € 9 tions using tables, graphs, or equa- inverse of C(x), the Fahrenheit to Celsius conversion. The range of F(x), the Celsius to Fahr-
I S C O S e I V rS S O r AW S enheit conversion function, becomes the domain of C(x), the Fahrenheit to Celsius
tions. - 5 S
V4 conversion. Thus, C(x) is the inverse of F(x).
A o Lt Also notice that the y-intercept of F(x), (0, 32), becomes the x-intercept of C(x), (32, 0),

- Fahrenheit and Celsius are two different units that are used to measure v i :
O rm O Ize G S O re V e rS G semperature. The tables below show some ordéred pairs that represent since the x-values and y-values switch. Likewise, the x-intercept of F(x), (-175, 0), be-
equivalent temperatures in each scale. The left-hand table assumes that comes the y-intercept of C(x), (0, ']7‘1

you know the temperature in degrees Celsius (i.e., Celsius temperature

. is the independent variable) and you want to determine the temperature 33, INVERSES IN GRAPHS » )
in degrees Fahrenheit (i.e., Fahrenheit temperature is the dependent In a graph, an inverse of a function appears as a reflection of the graph of the original
O O | I I O I I I O I I rO | I < } \anal:lc), The right-hand table assumes that you know the temperature ; function across the line y = x. This reflection transforms the ordered pairs, (x, y) of the
in degrees | ahrenheit (i.e., Fahrenheit mmp}mmm is the independent original function into the ordered pairs (y, x) for the inverse function. The x- and y-co-

variable) and you want to determine the temperature in degrees Celsius B ordinates of the original function are switched to generate the inve
Celsius temperature is the dependent variable)

L4 =
(i.e. C G ; X
T'he Fahrenheit-Celsius conversion formulas, where I represents the temperature in
7/ V4 Celsius to Fahrenheit, F(x) Fahrenheit to Celsius, C(x) degrees Fahrenheit and C represents the temperature in degrees Celsius are shown.

TEMPERATURE | TEMPERATURE TEMPERATURE | TEMPERATURE
IN CELSIUS IN FAHRENHEIT IN FAHRENHEIT IN CELSIUS

and equations. I
[ o [ = |
| w© | » ]
| » | e |
I

\— "/

266 CHAPTER 3: INVERSES OF FUNCTIONS 3.1 » GENERATING INVERSES OF FUNCTIONS 267

C(x) will give you the temperature in degrees Celsius if you know the temperature in
degrees ahrenheit, x.

_“ For each function, let the independent variable be x. Then, F(x) will give you the tem-
““ perature in degrees Fahrenheit if you know the temperature in Celsius, x. Likewise,
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Inquiry-Based Instruction: S5E

4 EXAMPLE 1

Generate the inverse of the exponential function represented in the table that follows.
Is the inverse a function? Justify your answer.

» Elaborate: Application or
extension of the
ConcepT / ideas that were S~ ERERT N TRERHSRY i i R oot the et oy o o3 e
investigated (Explore) and |

f lized (Explain)
L]
> | n 'I' h IS C G S e 'I' h e E | O b O rO 'I'e STEP2 Evaluate the domain and range of the inverse to determine
’ whether or not the inverse is a function.

b L Each domain value in the inverse’s table results in a single range value in the in-

I S O S e -I- Of G d d I -I-I O n G | verse’s table. The relationship between the original exponential function’s domain
and range is related to the relationship of the domain and range of the inverse. There-
fore, it is reasonable to conclude that the inverse is also a function.

les extending the
content and guided

Gene! erse of the absolute value function repre-

O sented in the table to the right. If the inverse is a function,
p rO I e S y e p ro e I I l S write the equation of the inverse function. If the inverse is

not a function, explain why not.
See margin.

cosenza 270 CHAPTER 3: INVERSES OF FUNCTIONS
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Inquiry-Based Instruction: S5E

3 and 4

Generate the inverse of the quadratic function.
See margin.

Determine if the inverse is a function. Explain your
answer.
See margin.

» Evaluate: An activity or
exercise in which i =~
student understanding is PP
determined

See margin.

and 8.

. Us, Jue
> | n -I- h IS ‘ O S e .I- h e | . Generate the inverse of the exponential function
14 See margin.
b . Determine if the inverse is a function. Explain your
Evaluate is a set o
See margin.
iNnd dent i ==
ro b | e I ' lS )= dv-2 s H 5 ate the graph of the inverse of the
. 3 linear function

See margin.

»rmine the v-intercept(s) and y-inter
of the original function and the

r-intercept(s) and y-intercept(s) of the
inverse of the function.
fix): x-intercept (-0.5, 0);

tercept (0, -2)
f(x): x-intercept (-2, 0);
y-intercept (0, -0.5)

cosenza 274 CHAPTER 3: INVERSES OF FUNCTIONS
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Summary

» Algebraic Reasoning is a new high school math course
created by the Texas State Board of Education.

» Algebraic Reasoning is a rigorous, meaningful course for
students who may not be successful in an Algebra 2 course
right out of Algebra 1.

» Algebraic Reasoning could be used to support students prior
to taking Algebra 2.

» Algebraic Reasoning qualifies as “advanced math” for either
the Foundation diploma or an Endorsement.
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Thank Youl

» Dr. Paul Gray, paul@cosenzaassociates.com

» Jacqgueline Weilmuenster, mweillm@uta.edu

» Jennifer Hylemon, jennifer.hylemon@gcisd.net

Cosenza & Associates, LLC

. @texmathguy

WWW.Cosenzaassociates.com #TXAlgReas
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