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W weave together all the clements of mathematica] proficiency — not only
procedural fluency, but also conceptual understanding, ongoing sense-making,
problem solving, and a positive attitude about learning mathematics.

B feature worthwhile tasks, such as activities that are drawn from the context of real
life experience.

Learning Environment

® build on what students already know, valuing the various informal and alternative
Strategies students use to solve problems.

computation, and technology when appropriate.



PROFESSIONAL DEVELOPMENT
PRINCIPLES

Design

Sound professional development in adult education mathematics should be
designed to:

4+ begin with teachers as mathematics learners and thinkers.

¢ be a continuing process that is connected to curriculum and assessment
standards, program policy and instruction and current research.

¢ be welcoming and accessible to all — to literacy and language teachers as well as
to those who primarily teach mathematics.

¢ be evaluated with respect to its impact on teacher behavior in relation to
increased student learning.

Content

Professional development opportunities should focus on improving teachers’
abilities to:

¢ establish a deep understanding of the mathematics of the curriculum and its
principles.

¢ understand how adults’ mathematical knowledge develops, how to recogmze
previous misconceptions, and how to assess and engage prior knowledge.

¢ use a broad range of instructional strategies that utilize a variety of materials to
accomplish learning goals.

¢ understand how research can be used to improve their effectiveness as teachers.
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® Involves ongoing sense making
. Dcvclopsanlmderstandingofthemcaningsbehjnd operations and procedures and

B Knowledge that is leamed with understanding is more likely to be remembered
and available when needed
Adaptive Reasoning
B The ability to recognize connections between mathematical relationships
B The ability to followalogicalpathofreasonjng
n Adapﬁvcmasoningis“themanagemmtsystemﬂmtmakmsenseofthetaskand
then monitors and evaluates progress™*
Stra om ce

B The ability to formulate mathematical problems, represent them, and solve them

W Using various problem solving strategies like guess and check, drawing diagrams,
etc

B Looking for underlying relationships between the values in a problem
Procedursl Fluency
®  Requires efficient and accurate calculation
| Includespapetandpcncilpmcedlm,mentalmathmaﬁcs, estimation, and
technology (ie calculators, computers, etc)
B Most importantly, it is essential to understand what the operations do, how they
are related to each other and when a situation requires their use® |
® It involves not only the algorithmic way of doing calculations but alternate
strategies that arc based on sound mathematics.
Productive Disposition
& Includes “the beliefs, attitudes, and emotions that contribute to a person’s ability
and willingness to engage, use, and persevere in mathematical thinking and
learning.™*
] Itisimportnnttoaddrwsmaﬁanxietyandbolsterasunem’s confidence in their
ability to do mathematics
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Components and Subcomponents of Numeracy

CONTEXT - the use and purpose for which an adult takes on a task with mathematical demands

F.nﬂlyuhmnﬂ—uammnddmmm,m.ﬁnmddmdm
decision maker, and hobbyist

wmhoo—-asaworwwemperfummmﬂn}obmdmbeprepuadmndaptmm
empioyment demands

Further Leaming—as one interested in the more formal aspects of mathematics necessary
for further education or training

Community—as a citizen making interpretations of social situations with mathematical
aspects such as the environment, crime and politics

CONTENT — the mathematical knowledge that is necessary for the tasks confronted

Number and Operation Sense—a sense of how numbers and operations work and how
they relate to the world situations that they represent

Patterns, Functions and Algebra—an ability to analyze relationships and change among
W.mmmmmmm,mmmm
basad on the properties of numbers, operations and equations

Measurement and Shape—knowledge of the attributes of shapes, how to estimate and/or
determine the measure of these attributes directly or indirectly, and how to reason spatially

Data, Statistics and Probability—the ability to describe populations, deal with uncertainty,
assess claims, and make decisions thoughtfully

COGNITIVE AND AFFECTIVE—the processes that enable an individual to solve problems and,
thereby, link the content and the context

Conceptual Understanding—an integrated and functional grasp of mathematical ideas

Adaptive Reasoning—the capacity to think logicaily about the relationships among concepts
and situations

Strategic Competence—the ability to formulate mathematical problems, represent them,
and solve them

Procedural Fiuency—the abiiity to perform caiculations efficiently and accurately by using

Productive Disposition—the beliefs, attitudes, and emotions that contribute to a person’s
ability and willingness to engage, use, and persevere in mathematical thinking and leaming
of in activities with numeracy aspects

From Ginsburg, L., Maaly, M., and Schmitt, M. J. (2006). The components of numeracy [NCSALL
Occasional Paper]. Cambridge, MA: National Center for Study of Adult Literacy and Leaming. Available:
http://www.ncsall net/fileadmin/resources/research/op_numeracy.pdf
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disjointed items, simply to be committed to memory. On the contrary, teachers and textbook
writers should emphasize the connections as well as the logical progression among these
topics. The topics comprise both core and foundational clements of school algebra—those
elements needed for study of school algebra itself and those elements needed for study of

momadvancedmathcmaﬁcswm.Thcmtalamo\mtofﬁmespcntonwvaingthcmm

single-subject courses is normally about 2 years, although algebra content may be and is

oﬁensmxctmadinothcrwaysinﬁxesecondarygmdes.WhatisusuallycalledAlgebraI
would, in most cases, cover the topics in Symbols and Expressions, and Linear Equations

cover the other topics, although the last topic in Functions (Fitting Simple Mathematical
Models to Data), the last two topics in Algebra of Polynomials (Binomial Coefficients and
the Binomia! 'I'heorem),andCombinatoricsandFiniteProbabilityare sometimes left out and
then included in a pre-calculus course. Itmouldbestressedthatthislistoftopicsreﬂects
professional judgment as well as a review of other sources,

Symbols and Expressions
* Polynomial expressions
¢ Rational expressions
* Arithmetic and finite geometric series

Linear Equations
Real numbers as points on the number line
Graphing and solving systems of simultaneous linear equations
Quadratic Equations
* Factors and factoring of quadratic polynomials with integer coefficients
. Completingﬂmsquarcinqmdmﬁcquessions
* Quadratic formula and factoring of general quadratic polynomials
. Usingthcquadraﬁcfonmllatosolvcequaﬁons

e ¢ @ = o

Functions

Lincar functions

Quadratic functions — word problems involving quadratic functions
Graphs of quadratic functions and completing the square
Polynomial functions (including graphs of basic functions)

Simple nonlinear functions (e.g., square and cube root functions; absolute value;
rational functions; step functions)

Rational exponents, radical expressions, and exponential functions
Logarithmic functions

Trigonometric functions

Fitting simple mathematical models to data

¢« & & ¢ o

* @ o o
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Algebrs of Polynomials
* Roots and factorization of polynomials
Complex numbers and operations
Fundamental theorem of algebra
Binomial cocfficients (end Pascal’s Triangle)
Mathematical induction and the binomial theorem

& o & @

Combinatories and Fimite Probability

+ Combinations and permutations, as applications of the binomial theorem and
Pascal’s Triangle

Critical Foundations of Algebra

Tthaskaupalsopmtsﬂ\mclustcrsofconceptsmdskiﬂsmathomsidas
foundational for formal algebra coursework:

1) Fluency with Whole Numbers,
2) Fluency with Fractions, and
3) PmﬁcularAspectsofGemnetryandeanment.

Fluency with Whole Numbers

By the end of the elementary grades, children should have a robust sense of number.
This sense of number must include understanding place value, and the ability to compose and
decompose whole numbers. It must clearly includcagmspofmemeanmgofthebasic
operations of addition, subtraction, multiplication, and division, including use of the
commutative, associative, and distributive properties; the ability to perform these operations
efficiently; and the knowledge of how to apply the operations to problem solving.
Computational facility rests on the automatic recall of addition and related subtraction facts

6
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Name Lab partner(s) Date

Addition with Integers

Activity One: Adding Integers
We are going to be using positive/negative tiles to discover some properties with adding . Fach

positive tile has a value of one. To show the number positive 3 | you would place 3
positive tiles on the mat.

[

+ + +

To show negative integers you will use the negative tiles. Each negative tile has a value of

negative one. To show the number negative 4, you would place 4 negative tiles on the Integer

mat.
— — — —— {

Try the following additions with the tiles and the integer mat.

Draw the tiles here Answer
1) 3+5
2) 4+2
3) 1+7
4) In every example what type of numbers were you adding?
5) Did you ever use a negative tile?
6) What rule can you develop for adding positive integers?

7.



Activity two:
This time we will work with the negative tiles. With your tiles show the following addition
problems.

Draw the tiles here Answer
7y -3+.2
8) -4 + .3
9) -1 +-5

10)  In every example what type of numbers were you adding?
11)  Did you ever use a positive tile?

12)  What rule can you develop for adding negative integers?

Activity three:

The Zero Pair: When two tiles of unlike signs are combined they form a zero pair, that is their
value = zero.

Example: T | — =0

when you put the two together they form a zero pair and cancel each other out. When you
combine positive and negative tiles, find how many form zero pairs, remove them from the mat
and the tiles that remain are the answer.



Show the following additions with the tiles. Remove all zero pairs and find the answer.

13)

14)

15)

16)

17)

18)

19)

Draw the tiles here

-3+5

5+ 2

-6+ 3

4+ 4

In every example what type of numbers were you adding?

What did you notice happened each time you added the
integers with different signs?

What rule(s) could you develop for adding positive and
negative integers?

Answer



Summation:

A positive + a positive =

A negative + a negative =

A negative + a positive can be

To add a positive and a negative you would

-10-




Multiplying signed numbers

2 ] 0 -1

3 | 4

-11-



Using literature to understand multiplication/division rules
( Coming into town = positive
Leaving town = negative
/\ good person = positive :
A bad person = negative

Good = positive Bad = negative

A good person is coming to town. That is

A bad person is coming to town. That is

A good person is leaving town. That is

A bad person is lcaving town. That is

12



Real Life applications
(taken from CORD Applied Algebra)

You work as a public health official who interviews clients at a woman’s shelter to see if
they need nutritional assistance. Your county has established the following guidelines for
three categories of individuals.

Required Nutrition (Servings per day)

Food Group Children Pregnant Women Other Women
Fruits and
vegetables 4 4 4
Bread and grains
4 4 4
Meats and other
protein sources 2 2 2
Dairy products
3 4 2

Each client’s eating habits are recorded. It a total of three or more deficiencies is
discovered, the client is eligible for assistance. For example, one missed serving in a food
group is one deficiency, two missed servings is two deficiencies and so on. Excess
servings in a food group have no affect on eligibility.

You are interviewing a pregnant woman who has one small child. You have recorded the
eating habits of the mother and child.

Servings per Day

Food Group Child Pregnant mother
Fruits and vegetables
2 3
Breads and grains
5 3
Meats and other protein
sources 1 2
Dairy products
3 2

1. Compute the difference between the actual and recommended number of servings
per day for both the mother and the child. Record the differences as integers.

b2

Record the total number of deficiencies for both the mother and the child.

3. Use the guidelines to determine if either the mother or the child is eligible for
assistance.

-13-




When a patient is recovering from an illness, it is important to monitor the patient’s
fluid intake and output. A flujd imbalance must be remedied as soon as possible. A
record of patients’ fluids for several 8-hour periods during a hospital stay are
recorded in a table.

Intake-Output Record for J. Smith

Date Shift Intake Output
3/10 A 1200 cc 900 cc
3/10 B 1000¢c 800cc

3/10 C 1050 c¢ 950 cc
3/11 A 1300 cc 1250 cc
3/11 B 1500 cc 1600 cc
3/11 C 1200 cc 1300 cc
3/12 A 1100 cc 1250 ¢cc

t9

. A fluid balance is indicated by a difference between the intake and output of

nearly zero. Make a table of the differences between the intake and output for
each shift shown in the table. Use integers to record you differences.

Which of your differences indicates an imbalance due to insufficient output of
fluids?

. Are the absolute values of these differences useful in spotting a condition of fluid

imbalance/ What information have you lost if you show only the absolute values
of the differences on your chart?

-14-




Name: LabPartners: Date:

Exponents
Activity 1:

For each pair of powers listed below determine which is greater. First guess, then check your
answer using the calculator, x2 or y* key.

Guess Check

.23 0r32

—

(W]

. 45 or 54

D
. 62 0r 26

o

89 or 98

e

79 or 97

h

58 or 83

=

10.17 or 71

11.30 or 03

12. 2°5 or 5-2

13. 93 or3-9

14. 0! or 10

Write five statements about your findings.

S A

-15-



Name Lab Partner

Properties of Powers
Lab
Activity One

Fill in the following table. The first one is done for you

Expression Expression as repeated Number of factors Simplified expression
multiplication

(74 )(75) (7#7*7*7)(7»7*7::7:7) 9 79

(8)(8")

(-4)°(-4)

(5°)(5)

What do you notice for a pattern that relates the exponents of the factors in the
first column with the exponent of the expression in the last column?

What rule could you make for multiplying two powers with the same base?

9
aXeaY= g

Test your rule out below. In the left side, add the exponents first, then put that base
raised to the power found into the calculator and write down the answer. On the
right hand side, just enter in the multiplication problem as written and write down
the answer. Compare your results.

/ problem done in calculator

Compare answer on left with multiplication\

22028 =57 = 22.28=
3-3.38=32= 3-3 .38 =
54.55=52- 54,55 =

-16-




Fill in the table below. The first one is done for you.

Expression Expression as repeated Number of factors after Simplified &pression
3 ] multiplication cancelling
(7°)=(7) (FFPTATAT) (72757 3 73
Sy . 2
(8° )£ (8)
(4= (-4)
(57) +(5)

What do you notice for a pattern that relates the exponents of the factors in the
first column with the exponent of the expression in the last column?

What rule could you make for dividing two powers with the same base?

‘)
aX+a¥= at

Test your rule out below. In the left side, subtract the exponents first, then put that
base raised to the power found into the calculator and write down the answer. On

the right hand side, just enter in the division problem as written and write down
the answer. Compare your results.

done in calculator

3-3-34= 32
54-55= 52

-17-

Compare answer on left with division problem
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Activity 2:

We are now going to explore what happens when we raise a power to a power.

1. Find the values of the following with your calculator:
220 = 420 = 79— 49 =
2. Find 24 = Now raise this value to the 5th power.

Another way to write this is (24)5 .

What value above equals (24)5 ?

3. Find 23 = Now raise this value to the third power or ( 23 )3 =

What value above equals (23 )3?

4. Find 410 = Now square this value
Another way to write this is (41 0)2.

What value above is equal to (410)2‘?

5. What observations can you make about raising a power to a
power?
6. Using your observations what will (xs)7 =?

-18-



In general (ax)y = a?_______ (Power to the Power property)

Perform the following calculations in your calculator:
7. 23.4-= 2e43= 23443 =
(2+4)3 =

Which one above equals (2 » 4)3?

Perform the following calculations in your calculator:
8. 32.5= 3052 = 32052 =
(3¢5)% =

Which one above equals (3 » 5)2?

9. What observations can you make about raising a producttoa power?

In general (aeb)X=
property)

(Product of a power

-19-






