


Math Slide (Figure 1)
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Research on Algebraic Understanding

* Algebra has often been characterized as
developmentally constrained due to its inherent
abstractness (e.g., Kieran, 1981, 1985;
Vergnaud, 1985)

e Research in the former Soviet Union suggested
that young children could generalize arithmetic,
moving from particular to generalized numbers,

earning to use variables and covariation in word

oroblems, and focusing on the concept of

function (Davydov, 1991, Bodanskii, 1991)




Research on Algebraic Understanding

 Recent research suggests that inappropriate instruction
may have had a decisive role in the poor results from
early studies of algebraic reasoning among adolescents
(Booth, 1988; Schliemann & Carraher, 2002).

o Studies of systemic algebra instruction have provided
equivocal findings (Clotfelter, Ladd, &Vigdor, 2012,
Cortes, Goodman, & Nomi, 2013)



Course Reversal (Figure 3)
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Impact of Double-Doses of Algebra

Test-Score Boost (Figure 1)
appegne . Sdetondon dladny gt radsanbe trinlempgpr sian e om Xt visbouseSen @b s

L alnehracan standardizedtest searasin matbhialoshra, and asnmad fi.. . | [Ffterf ot doinlesAnss

_ whgakiaeme——  |Riitfaedes ‘iiﬂﬂl"|u|||||||||| “i6th arade =
||||||||||I ] H

0.16* T







2. ﬁ&ﬁf I T B

;?,t’ag&“!j’&'—'ifﬁ, ﬂhwﬁ;ﬂv‘}'!w&g&fml T s
; {jjmr%pg-ﬁﬁrmﬁbmg;hemmg#mng } : &




Critical Topics for
Teaching and Learning Algebra

(1) Variables and constants

(2) Decomposing and setting up word problems

(3) Symbolic manipulation

(4) Functions

(5) Inductive reasoning and mathematical induction

Milgram (2005)



“A good teacher walks the edge
between the structure of mathematics
and the development of a child by
considering a progression of strategies,
the big ideas involved, and the
emergent models.”

Fosnot and Jacob, 2010






Arithmetic as a context for
algebraic thinking

 The Fundamental Properties of number and operations govern how
operations behave and relate to one another

 The Fundamental Properties are essential to computation

 The Fundamental Properties are used more explicitly in some
computation strategies than in others

« Simplifying algebraic expressions entails decomposing quantities in
iInsightful ways

 (Generalizations in arithmetic can be derived from the fundamental
properties.

Blanton et. al, 2011



Arithmetic as a context for
algebraic thinking

« “Historically, arithmetic and algebra were treated as distinct fields of
study.”

 However, a true understanding of arithmetic also includes reasoning
about the fundamental properties.

* Generalizations can be formed through exploration:

— If you add a number to a given number and then subtract that same
number, the given number stays the same.

a+b-b=a

— An odd number plus an odd number is an even number

Blanton et. al, 2011



Fundamental Properties

_ » Associative
Properties of e nEGE

Addition - Additive Identity
» Additive Inverse

. « Associative
Properties of e NNIEGE

Multiplica’[ion  Multiplicative Identity
» Multiplicative Inverse

Distributive
Property of
Multiplication
over Addition

* Distributive

Blanton et. al, 2011






Use Mini-Lessons




Reasoning with Fundamental Properties

1+2=2+1




Reasoning with Fundamental Properties

9O+1
O+7+1

1+6+9

Parrish, 2010



Reasoning with Fundamental Properties

4+9)+2 [4+(9+2)

43 + 17 17 + 33

(568 + 153) + 468, | 658 + (153 + 468)




Reasoning with Fundamental Properties

59 x 16 16 x 15

4 X35 5x 20

(65x2)x1 5% (2 x 1)

13 (15 x 10) [ 113 x 130




Equations

 The equals sign is a symbol that represents a relationship of

equivalence
9+5=8+06
13+8+6=5+9+ 13
N+13+9+5=6+8+13+n

8+6=5+9+n



The double number line




The double number line

5+4+10#10+5+5

10 5 4

10 5 5

Fosnot and Jacob, 2010



Equations

« Equations can be reasoned about in their entirety rather than as a
series of computations to execute

Column A Column B

346 x 398 + 42 =t 398 x 746 + 746 =d

475 x 2365 = 352 x w | 8790 x 598 = 879 x n

Blanton et. al, 2011



Equations

* Equations can be used to represent problem situations

— The way we solve a problem does not always match the equation that
represents the situation in the problem.

JaeQwan is making flowerpots.
One flowerpot takes % of a pound of clay.
How many flowerpots can JaeQwan make with
41> pounds of clay?

Representation Ways to solve
M X ¥4 = 4% Yo+ Y+ +a++ Ya=4%
4% + 34, =6

Blanton et. al, 2011






Functional Thinking

e ————————

The number of
circles is 2 times
the position in
the pattern.




Functions
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Functional Thinking

* Generalizing relationships

* Reasoning about those generalizations

Make the
generalization
a piece of
shared
classroom
\ knowledge

arguments to
establi___s,h or

y,
Blanton et. al, 2011 Kaput et. al, 2008






Teachers are facilitators

“When I’'m working on a problem it’s like
climbing a mountain. Sometimes | can’t
even see where I'm going. It is one foot In
front of another. And then | reach a point
where all of a sudden the vistas open up
and | can go down easily for a while, only to
eventually reach another climb.”

Fosnot and Jacob, 2010
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