Algebraic Procedures in
Need of a Conceptual
Makeover

(44
aren McPherson
NCT™ 209



dentity & real number
that when placed into
. 2 the blank will produce
| | the smallest possible

:. ...... : \JM\ue

What is the smallest
possible Nalue

- Thumbs up when ou have 4 number.



dentity & real number
5 fhat when placed info
| the blank will produce
-+ 3 the smallest possible
\alue.

What is the smallest
possible Nalue

-2 Thumbs up when you have 4 Number.



dentity & real number
- that when placed into
| the blank will produce
= 5 the smallest possible
\alue.

What is the smallest
possible Nalue

-2 Thumbs up when you have 4 Number.



dentity & real number

o 2 fhat when placed into
( E 7) the blank wil produce
|  + the smallest possble

value.

What is the smallest
possible Nalue

- Thumbs up when ou have 4 number.



dentity & real number

( ...... : 2 fhat when placed into

| the blank will produce
+ 6 +1 the smallest possible

value.

What is the smallest
possible Nalue

- Thumbs up when ou have 4 number.



dentity & real number
o 2 fhat when placed into
f | the blank will produce
2 N = 3 + 1 the omallest possible
value.

What is the smallest
possible Nalue

-2 Thumbs up when you have 4 Number.



Destyribe the \aue that
o 2 when placed into the

5 ; 5 h 2 blank wil produce the
: - - smallest possible value.

What is the smallest
possible Nalue

- Thumbs up When You have 4 destription



Destyribe the \aue that
2 when placed info the

o L h)+ K bork vl prdce te

smallest possible value.

What is the smallest
possible Nalue

- Thumbs up when \ou have 4 destription.



Destribe the vaue of
2 % that wil produce the
a (X _ h) + k smallest possible value.

What is the simallest
possible Nalue

- Thumbs up when \ou have 4 destription.



Vertex Form of a Quadratic

dentity the ertex of the quadratic given the quadratic expression
a(x-h)+Kk

Describe the condtions for when the verten is
A minimum and wWhen it is 4 maimum,



Instructional Shifts in Mathematics

Focus strongly where the standards focus

Coherence think across the grades and link to
major topics within the grade

Rigor in major topics pursue with equal intensity:
conceptual understanding,
procedural skill and fluency, and
application



e ep e . Mathematics Teaching Practices

ENSURING MATHEMATICAL SUCCESS FOR ALI

Establish mathematics goals to focus learning.
Implement tasks that promote reasoning and
problem solving.

Use and connect mathematical representations.
Facilitate meaningful mathematical discourse.
Pose purposeful questions.

Build procedural fluency from conceptual
understanding.

Support productive struggle in learning
mathematics.

Elicit and use evidence of student thinking.
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J 1 So I began to wonder...

How do you pursue the three aspects of rigor with equal intensity?
What are the concepts that need to be understood?

What are the procedures that build from those understandings?
What is does it mean to be procedurally fluent?

How do you build procedural fluency from conceptual
understanding?



Teaching to Build Procedural Fluency by Jennifer Bay-Williams & Amy Stokes-Levine

Procedural Fluency Defined

L

Accurate Efficient Flexible
correct solutions selecting and implementing an adapting strategies and
appropriate strategy quickly applying to different

problems / context



Conceptual Procedural

Understanding Fluency
- General
EWW . nformal Kaasovxmg Methods
W\o‘m’novx‘ * Q’rm’rc@iee s
C D Distussion Tl
WARNING:

' a rush to fluency neglects students’ development of reasoning strategies

o & undermines students’ confidence and interest in math




Writing the Equation of a Line

Traditional Procedure

Write the equation of the line that passes through the points (-1,2) and (7, 6).

6 —2 4
m = 7D 8- 0.5 Use the slope formula to find m.
y=mx+b Use the formula y=mx+b and substitute
6=05(7)+b slope for m and one of the points for (x, y).
6=35+0Db
6—-35=0b Solve for b.
25=0b

y = 0.5x + 2.5 Substitute m and b back into the equation.



Writing the Equation of a Line

Prior Understandings

Defining characteristics of a linear relationship are the constant
rate of change (slope) and the initial value (y-intercept)

Connections between how the slope and y-intercept are
represented among mathematical representations (graph, table,
description and symbols)




Intentionally building informal reasoning strategies

| | |
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Series of priblems where students are given time to veason and deveby

strategies. Each problem is folowed up with discussion of strateqy and
addtional practice before moving on




Write the equation of a line that passes through (4,3) and (8,1).

Dcvm\\iw the Strateqy

X y Understanding the y infercept s
the y value when Y=o

Using the A% and Ay separateN
fo find the yHntercept

Writing the Equation of a Line Strategy: Using a Table



Write the equation of a line that passes through (3,1) and (9,5).

X y
3 1
9 5

Writing the Equation of a Line

Dcvm\\iw the Strateqy

Adjue’rim@ the A% and Ay by
taking halt of each

Using the A% and Ay separateN
fo find the yHntercept

Strategy: Using a Table



Write the equation of a line that passes through (3,7) and (8,27).

X Y
3 7
8 27

Writing the Equation of a Line

Dcvm\\iw the Strateqy

Musting the AX and Ay s that
AV=l and velate 1o slpe

Using the A¥ and Ay separately
fo find the \Hntercept

Connect 1o using the slipe three
times and velate 1o the L value

Strategy: Using a Table



Write the equation of a line that passes through (14,23) and (23,77).

X Y
14 23
23 77

Writing the Equation of a Line

Dcvm\\iw the Strateqy
Coloulate the shpe
Start with 4 walue, subtract

fhe shpe fourteen times and
relate 1o the | value

Strategy: Using a Table



Write the equation of a line passing through the points (-1, 2) and (7,6).

What do the bcvm\\;w the Strateqy

points look like
in a table?

Caleulate the sbpe (adusting the
A% and Ay 50 that A¥=)

What is the

e Start with 4 y value and subfract
the shipe % number of times
What
calculations
valie fo whe Etpress the strateq

X =02

\ vaue - (9\0}7&)?% vAlug)

Writing the Equation of a Line Generalized Procedure



Writing the Equation of a Line

How do the two procedures compare?

Traditional Procedure Procedure with a Conceptual Makeover

Use the slope formula to find m. Calculate the slope (adjusting the Ax
and Ay so that Ax=1).
Use the formula y=mx+b and

substitute slope for m and one of Start with a y value and subtract the
the points for (x, y). slope x number of times
Solve for b. Write the equation

Substitute m and b back into the
equation.



Solving Exponential Equations Using Logarithms

Traditional Procedure

Solve 5(2%) = 240

2% =48 Isolate the exponential part of the expression
lo g,48 = x Convert the equation to logarithmic form
log48 Use change of base rule since 48 is not a rational
X = power of 2
log 2

x =~ 5.585 Evaluate the expression using calculator



Solving Exponential Equations Using Logarithms

Prior Understandings

Writing an expression into equivalent forms reveals properties of
the quantity it represents.

Power to a Power property for exponents (b™)* = p™m»



Express each of the numbers as a Power of 10. You can find exact
values for some of the required exponents. Others might require
some calculator exploration.

a. 100 b. 1,000 c. 10,000
10+ )0 0?
d 2 e. 500 f. 4782
3 . .
0 mz‘? mz.f.p?
g. 0.01 h. -0.001 i. 0.0023
Jo~ et possible jp 2"
j. 3.45 k. 34.5 1. 345
’0.51." fﬂ‘l'gq fﬂ.ﬂ."i‘f

Solving Exponential Equations
Using Logarithms

f‘jX

Power of 10

[ |

Multigles of 1o

Non-integer
eXpInents

Negative exponents

Extension

Rewrite the Number



Use your results from rewriting numbers as a Power of 10 to solve each of the
following equations.

a. 10x=100 b. 10¥+2 =1,000 c. 1031 =10,000

d. 3(10)*3 =300 e. 102x=500 f. 2(10)* = 6.90

Solving Exponential Equations

Using Logarithms Seeing Structure






log,,a=b if and only if 10°=a

Solving Exponential Equations

Using Logarithms Understanding the Relationship



Without the use of a calculator, find each of the following logarithms.

a. log 102> b. log 100 c. log 10,000

d. log 3.45 e. log 500 f. log -0.001

Solving Exponential Equations

Using Logarithms Rewrite the Number



Use what you know about logarithms to help find the exact solution to these
equations.

a.10x = 15 b. 5(10%) = 60 c. 3(10)+4 = 21

d. 3% =729 e. 5(2¥) = 240 c. 3(5% +12) = 60

Solving Exponential Equations

Using Logarithms Seeing the Structure



Solving Exponential Equations Using Logarithms

Procedure with a Conceptual Makeover

Solve 5(2%) = 240

2% =48
10}{-1Dg 2 1010g 48

xlog?2 =log48
log 48

~ log?2

x ~ 5.585

X

[solate the exponential part of the expression

Rewrite each expression into a common base

Same structure and base so exponents are
equivalent

Divide both sides by log 2

Evaluate the expression using calculator



Solving Exponential Equations Using Logarithms

How do the two procedures compare?

Traditional Procedure Procedure with a Conceptual Makeover
Solve 5(2%) = 48 Solve 5(2%) = 48
2% =48 2* =48
log, 48 = x 10%log2 — 1(log48
X = log 48 xlog?2 =log48
log 2 . log 48
x =~ 5.585 ~ log?2

x =~ 5.585
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Here’s the Challenge

When \ou are teathing a procedure
spprosch it through the perspective of 4 student
focus on Wiy and when
make Connections explict
Compave pricedures and problems
reach out fo colleaques « do this work together
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