Mathematics Foundations
Number Sense

-

A California Department of Education
Child Development Division Presentation




lcebreaker

Use an icebreaker of
your choice. There are
two icebreaker slides
at the end of the
presentation for
optional use.




Take a Stand

il

Did you like math when you were in school?




QOutcomes

Become familiar with the research in early childhood
and mathematics

Describe what the implications of this research and
instruction are for young children and teachers

Become familiar with the preschool learning
foundations in mathematics with an emphasis on
number sense

Understand the links between the mathematics
research in California’s Child Development Division’s
initiatives (Preschool Learning Foundations-
Mathematics, PreK Guidelines & Desired Results)

|dentify classroom practices that support all children’s
mathematical growth and development



Norms

Start on time and end on time.
Turn off cell phones or to vibrate.
Help the group stay on task.
Listen to thoughts and ideas of others.

Contribute your thoughts and ideas.



Parking Lot

Please write questions on post-its and
place them on chart paper titled
“Parking Lot.”




Agenda

Research

« What research tells us about the importance of early
mathematics

« National Council of Teachers of Mathematics - 5 Big Ideas

California’s Preschool Initiatives

« The Prekindergarten Learning and Development
Guidelines

« The Early Childhood Environment Rating Scale
* The Desired Results Developmental Profile-Revised
* Preschool Learning Foundations

Research to Practice
« Exploring Number Sense in the classroom



L essons Learned from Research

« Gaps are striking
« Less is more

« Connect informal and
school math

« Meet the needs of all
learners

* Include geometry
« Use learning trajectories

Doug Clements, 2007 CPIN presentation

A



Gaps are Striking
School Mathematics is improving but Not Working
Well Enough for Enough Students

1994-95 2007
Internationally our students TEHER
| - HIGHER
are not mathematically 20 countries O cert o
competitive
- SAME SAME
United States mummmmmml) 14 countries 2 countries
LOWER LOWER
7 countries 37 countries

Third International Mathematics and Science Study:Grade 8, 1994-1995 and 2007
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Comparisons: SES & Ethnicity

Low SES have gaps - Level 2:

79% of children with mothers with bachelor’s degree passed
VS.
32% of those whose mothers with less than a high school
degree
Ethnic groups

70% of Asian and 66% of non-Hispanic white children passed

VS.

42% of African American, 40% of Hispanic, 48% of Hawaiian
Native or Pacific Islander, and 34% of American Indian or
Alaska Native
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International Comparisons

There are cultural differences: High
income and low income Chinese children

performed higher than high income U.S.
children.
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Using Research

Early
mathematics
research helps
teachers be more
effective and
have more fun
teaching math.
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Core Mathematic Content Areas
PreK - 8th grade

-

f AT g Number and Operations
Geometry
Measurement

Algebra

Data Analysis & Probability

National Council Teachers of Mathematics



14

NCTM Focal Points

 Number and Operations
« Geometry

« Measurement

National Council Teachers of Mathematics

.- e
A
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NCTM Focal Points for

Prekindergarte% Handout 1




Research Bites

* In the table groups, open the research
bite.

« Share information and discuss how this
informs participant’s work.

* There will be an opportunity to share
iInsights with the large group.

16



Research Bite #1

Infants are born with the ability to
understand numerical ideas

“Children possess and build mathematical
competencies from their first year and
keep on learning mathematical ideas
throughout their preschool years.”

Clements, D.H. & Sarama, J. “Creative Pathways to Math,” Scholastic Early
Childhood Today Journal, 2003.
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For example...




Research Bite # 2

"High quality teaching in mathematics is about

challenge and joy, not imposition and pressure.

Math instruction includes providing a lot of unit
blocks, along with loads of time to use them. It
Invites children to experience mathematics as
they play in, describe, and think about their
world.”

Clements, D.H., “Mathematics in the Preschool,” Teaching Children, 2001.
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Research Bite #3

“Teachers should provide time, materials,
and support for children to engage in play,
to nourish their interest in exploration and
manipulation of mathematical ideas.”

National Association for the Education of Young Children (NAEYC) & National
Council of Teachers of Mathematics (NCTM) 2002. Early Childhood Mathematics:
Promoting Good Beginnings, A joint position statement of NAEYC & NCTM,
Washington D.C.
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Research Bite #4

“Preschool children explore a variety
of mathematical ideas during play
including comparison, estimation,
patterns, symmetry, and spatial
relationships.”

K.-H., Seo. “What Children’s Play Tells Us about Teaching Mathematics,” Young
Children, January, 2003.
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Research Bite #5

* Find the mathematics in, and develop mathematics
from, children’s activity.

* Help children extend and “mathematize” every day
activities from building blocks, art, songs, and
puzzles.

 Create invitations to mathematical activities based on
children’s experiences and interests.

Clements & Sarama, Building Blocks Real Math Pre K Math Program, 2002.
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California Preschool Learning
Foundations

Handout 2A

7

V

The purpose of the preschool foundations is to promote
P::';:;ﬂ understanding of preschool children's learning and to guide

Learning instructional practice.
Foundations

[PRESCHOOL FOUNDATIONS DEFINED

The preschool learning foundations are for all children,
including children learning English and children with
dizahilities. They describe the knowdedge and sklls that
yaung children typically exhibit:

Preschool
Learning

Foundations
@ The preschool foundations are used to:

Volume 1 ') v Understand children's developing knowledge and
skils.

California

at around 48 and B0 months of age;

as they complete their first or second year of preschool;
with appropriate support; and

when attending a high-gquality preschoal program.

*  Consider approprate ways to support children's

\___4-/' learning and development.

The preschool foundations are NOT

. i FRESCHOOL
NOT atest hank of items = TIONS

CALIFORNLA DEFARTHMENT OF EPLDCATION « SACRAMEMTO. 3008 v NOT a description of how to teach children ARENOT

D * NOT achecklistfor assessment
m * NOT away of assessing children
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California’s Preschool Learning
Foundations - Mathematics

Number Sense

Algebra and Functions
(Classification and Patterning)

Measurement
Geometry

Mathematical
Reasoning
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Map of the Four_ldations Handout 2B
Mathematics

Strand 5

Number Sense® DOmaIn

At ground 48 manths of age At around 80 months of age
1.0 Children begin to understand 1.0 Children expand their under-
rmumbers and quantities in their standing of numbers and
o eweryday environment cuiantities in their everyday
E environmaent.
=
Age E 1.1 Recite nurnbsars in order to tenwith 1.1 BRecite numbsrs in ordar to twenty
(> increasing accuracy. with increasing accuracy.t

— Examples Foundations

= Racites one to ten Incompletely orwith emars = Racites one to tventy Incompletaly or with amore

while playing (2.9., "ore, two, thres, four, five, (&.9., "one, tea, three, four, e, .. . rire, tan,
SEWEN, tEI'I':I. elevan, tavelve, thirtaen, fiftesn | savertean,
Su bstrand » Racites one to ten whie walking. Blghtaen, twanty”)
« Fiecltes one 1o ten whie shging, » Chants one to taventy In ordar while sainging.
= Racitas one o taenty to show her friend how high
she can count.
1.2 Begin to mcognize and name 1.2 BRecognize and know the name
a few written nurnerals, of some written nurnerals.,

Examples Examples
= Communicatas, "That's a ong" whan Fﬂ!ﬂl’g = hames =ome numerals found In books or dumg

with ITIBQHG‘“: niumerals. 8 game.
= |rdicates or points to the rumearnalks on a cuce = Points to numerals In a numcer puezle as the

and names, “thee, taa, fiva.® taachar names them.
 Identies the rumearal 3 on ire pags of the Fve

Lithie Specklad Frogs book while siting with a

taacher

Includes notes for
* Throughout thesa mathematics fourdations many wxamples dezeribe the child manipulating cbiects. Ghidren with moksr Ch | |d ren Wlth

impainmenls may need assidance fom an adult or pesr 1o manipulile objects in order to do things such as court, sor, . il
cormpare, ordel, Mmassure, crasta patterns, or solva problerme. A child might dlso uee sdaptive matenals (s, lange manipuls- d |Sa bl I Itl eS
trsanthat are casy 1o grap]. Akernataly; a chid might demanstrats knowledgs in thess arcas without dirsctly manipulating
abjecta. For asampl, a chid might direct a pasr or teacher to placs sovenl objects inorder from amalest to langest.
Children with visual impaiments might be offered matenals for counting, sorling, or problem solving that ar sasly distin
guishable by touch. Thar sngagement iz alzo faciibabad by using conbainers, rays, and so forth that contain ther materizs

ard clearty define thair work space.

1 Sorne children may el be abls bo count by sither saying the numbssns or signing themy Any means available 1o the chid for
demonetrating knoaledge of numbers in order should b= encouraged. For sxampla, a chid may ndicata or touch number
ards or might respond yes or no when an adult counts.
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Prekindergarten Learning &
Development Guidelines
Chapter 6 - Curriculum:

Mathematics Learning
and Development




28

Prekindergarten Learning & Development
Guidelines for Mathematics

Program develops and builds on children’s
existing informal mathematical knowledge,
recognizing that children enter preschool

with different experiences in mathematics.

Teacher-guided and child-initiated activities
are integrated in a mathematically rich
learning environment, using multiple
instructional approaches.
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Prekindergarten Learning & Development
Guidelines for Mathematics

The program implements a mathematics
curriculum that lays the foundation for
children’s success in mathematics in
elementary school.

The program identifies clear, age appropriate
goals for mathematics learning and
development.

The program establishes a partnership with
parents and other caregivers in preparing
children for mathematics learning.




Prekindergarten Learning &
Development Guidelines

30
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Handout 3

Early Childhood Environmental /—
Rating Scales Revised (ECERS-R)

Item 26 - Math/Number:

EARLY CHILDHOOD Different types of materials

ENVIRONMENT = for math/number help
Ll h e o S children to experience
D e :'_3- =l 3 counting, measuring,
S ,ﬁi:ni \G 1 comparing quantities,
Iofllar ] WtacfEe h \ recognizing shapes, and
el T e Ermen become familiar with the

written number.



Desired Results Developmental
Profile-Revised (DRDP-R)

Measures 22 & 23

e
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DRDP-R

 An observational
assessment instrument

 Developmental
continuum

 For all children,

iIncluding English-
language learners and
children with disabilities
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Desired Result 2:
Children are effective learners

Indicator: MATH-Preschoolers demonstrate competence
in real-life mathematical concepts

Measure 22: Number sense: Understands quantity and
counting

Measure 23: Number sense: Math operations
Measure 24: Shapes

Measure 25: Time

Measure 26: Classification

Measure 27: Measurement

Measure. 28. Patterning
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Number and Operations




Number and Operations

Handout 4

MNumber & Operations

Manmbsers can be used o tell s howe many , theseribe order, and measure:

they involve numerous relations, and can be represented in various ways.
Operations with numbers can be used to model a varicty of real-workd
siluations and w selve problems: they can be camicd out in variows ways:

Counting
- . . s < =]
J Counting coan be used to find oot how many 1in & collection —— g %
Bt b HEE ——— Adding To/Taking Away
| : = s | Accollection can be made larger by
! ; L - o f wdding items to it and made smaller
. Moo= A5 by Giking some away froem ik
v s
Y P .
Comparing and Ordering \ =
ﬂ:.il::-:nﬁ!iex can be compared or ordered, and d II e = /4 * "\
numbers are one osebul ool For |:I-:1|n_}_: RN, | e = - 4 3
{ 2 3
|I e -
/ h . L s
| i v o = Composing and Decomposing
| Grouping and Place Value : E A quantity (a whole) v:.';.mll..'t_:u:t.‘.-ihll ol pans
| | == it , — o | andcan be "broken apan” {decomposed)
[ | ltems can be grouped 1o make a larger unit i them, and the paris can be combined
| and, tn @ wrnten multidigil number, the value | —m {composed) to form the whole,
| o a digit depends on its posation because dit |
| ferent digit positions indicate different units, | ™ |
Wil L & |
| o 1 |
! b | |
\ \ 1 .-_.' /
I‘" ! H o » r, : #
\\ i Equal Partitioning o : =
5 T ra —= | A guantity {whole) can be partitioned (decomposed) ) - e
= - into equal size picoes (parts)

Clements, D.H., Engaging Young Children In Mathematics, Lawrence Erlbaum
Associates, 2004.



Number and Operations in Play

Counting:

* Recognizing quantities by sight without actually
counting objects

« Reading numbers
« Putting objects together or taking objects apart

« Adding or taking away numbers

Seo, K.-H. “What Children’s Play Tells Us about Teaching Mathematics,” Young
Children, January, 2003.
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Activities for Multiple Goals

« Make and imagine small collections of items nonverbally
« Count by ones to ten

« Know the last counting words tells “how many”

« Count out (produce a collection)

« Subitize - quickly “see” and label with a number

 Identify whether collections are the “same” number or
which is “more” visually

Clements, D. H., & Sarama, J., Building Blocks Real Math PreK Curriculum, 2007 .



Recognition of Small Number

« Early number is not counting, but
recognition of number

* Recognition of number is not numerals
but the understanding of discreet
guantities

38
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Clements, D.H., Engaging Young Children In Mathematics, 2004, pg. 17.

.- e
A
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Clements, D.H., Engaging Young Children in Mathematics, 2004, pg. 17.

.- e
A




Recognition of Small Number

« Simple, but continuous, intervention
makes a big difference - Hannula’s 3-
year-olds

 Large differences in spontaneous
recognition of number

41



Recognition of Small Number

Teachers can make huge differences by
providing thousands of spontaneous
experiences!

42
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How many triangles did you see?

A A




Learning Trajectory for
Subitizing

 Small collection namer

» Maker of small collections
* Perceptual subitizer to 4

» Perceptual subitizer to 5

44



Simple, but Continuous,
Intervention Makes a Difference!

45
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Developmental Sequence of
Counting




Group Activity

Please Close Folders and Notes
» Take cards from envelope

* As a group, place cards in a
developmental sequence

47



Developmental Sequence of
Counting

« Saying number words in sequence. May omit some
numbers when reciting the number words

« Counts a small set of objects (five or six) but may not
have one-to-one correspondence

« May count correctly a larger set of objects (about ten)
by keeping track of counted and uncounted objects

« Understands that the number name of the last
objects counted represents the total number of
objects in the group

Resource: California DRAFT Preschool Mathematics Framework

48



Developmental Sequence of
Counting

* Knows to say the number words one to ten in
the correct order, but is still learning the
sequence between ten and twenty

« Creates set with a certain number of objects

* Knows to say the number words up to twenty
correctly

Resource: California DRAFT Preschool Mathematics Framework

49



Math Operations

50
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Levels of Math Operations

Comparing & Ordering - Can tell which group has
more or less

Adding to/Taking away - Solve problems with three
to five objects

Composing and Decomposing - Can develop the
ability to recognize that three and two are “hiding
inside” five

Grouping - Can count groups of objects

Clements, D.H., Engaging Young Children in Mathematics, 2004, pg 20-23.



Meet Jamey

Gatting To Know ?
Th rﬁl_lﬂh Ok

sl

52
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LET’S PLAY Worksheet

As you play your game, think about what: 1) the Number Sense Foundation the game
stresses, 2) DRDP-R Measure and the continuum of development the game stresses, 3) the

developmental sequence the game stresses, and 4) the goals you would have for a child in your class.

Mame of Game

Foundation DRDP-R Counting/Suhbitizing. Write a goal that would be
{Number Sense) Measure Math Operations appropriate for a child in your
Circle the foundation and check class

the age level the game stresses

Circle o 48 mos. 60 mos. Measure #!

2 | . || Handouts 5 & Measures 22 & 23
o= oo |

;i o o Integrating

2.4 : :

A




Let's Play

Follow the directions to the game.

After playing the game, talk about the foundations,
developmental sequence, DRDP-R measures involved Iin
the game. Use the handout to structure the discussion.

Write a goal for a child in your class. For example, "Maria
will count to five using one-to-one correspondence.”

Later participants will be asked to present the activity to
the group. Be ready to share the math concepts in the
activity.
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Teachers are the key!
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The Importance of Questions

Mathematics is about thinking, not just
doing something with manipulatives.

Handout 6

* How did you know?
 Why did you do it
that way?

« How did you figure
that out?

 What else would
work like this?

« What would happen
if?

l .-'“"J, .' b

y u

y 9
4 3




The Power of Asking “Why”?" and
"How did you know?”

“You present problems, and they figure out what to
do. Then you ask what process they used. I'm
amazed they learned to! They'll use this
Knowledge to answer science questions. They
really do critical thinking. Asking ‘How do you
Know?’ Starting at Prek is very powerful!”

- Anne, preschool teacher in the TRIAD research project

Clements & Sarama - U.S. Dept. of Education's IES-funded TRIAD research project

S7
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In Classrooms that Promote
Number Sense, Teachers WiIll...




What Teachers Do to Support

Number Sense in the Classroom...

 Move to the assigned chart.
» Take five minutes to record ideas.
 Move to next chart when signaled.

« Add ideas to next chart and continue on
at the signal.

* At the last chart, circle the top three
ideas.

« Share top three ideas with group.

99
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Activities for Multiple Goals

 Ability to recognize and duplicate a small
collection nonverbally

« Count by ones to ten

* Know the last counting words tells “how many”
« Count out (produce a collection)

« Subitize - quickly “see” and label with a number

* |dentify whether collections are the “same”
number or which is “more” visually

Clements, D. H., & Sarama, J., Building Blocks Real Math PreK Curriculum, 2003.



Tips for Supporting ALL Learners

61
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2 Handout 7

Tips for Supporting ALL Learners

 Assess what the child knows — scaffold.

« Slow down! Emphasize accuracy with
counting.

» Guide the child’s hand while counting, if they
are working on one-to-one correspondence.

* Repeated practice.
* Provide “wait” time.



Tips for Supporting ALL Learners

» Make it concrete! Count “real” objects.

* Ask the child to make a verbal plan.
“Let’'s count them by starting at the top.”

* Move items as they are counted.

* Involve the child’s whole body as much
as possible.

« Simplify vocabulary and directions

63



Tips for Supporting English
Learners

Use concise language - speak clearly

Use oral descriptions when talking
about concepts

Model and act out - Total Physical
Response (TPR)

Consider stages of language
development

64



Let's Play - Part 2

Now revisit your game and consider the following:
. How might you document children’s growth and development?

. How might you adapt this game for children with disabilities?
. What are some strategies for English Learners?

Refer to the back side of your Let's Play worksheet to
facilitate your discussion and record your ideas.
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Handout 5

/

LET'S PLAY Worksheet - Part 2

Name of the Game;,
How might you document
children’s growth and
development?

How might you adapt this
game for children with
disabilities?

What are some strategies
for English Learners?
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In Classrooms That Promote

Number Sense, You Will See
Children...
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DRDP-R Measures 22 and 23

Review the measures at the
table.

Brainstorm what children
might do at each
developmental level.

Record ideas on the measure
pages provided.

How might you document
children’s learning?

Handout 8

S e o e Bl i e
o Hombeer serpes lindersrande ity and coanting
s ord s T .

s rdmr vl v b e
1. By v bighe e b e o o
i -
el ot g et ZarmcTh H D 0 e b m b o e
- i s e g e L ]
snrmg e Prasrie s
— ko
gl s
b 10 1
T e
g
7 win
rdm
e 1 % e k.
A
e § g 1
ey =
EETEEE  Semberssase: Urdenbsadcguard _rt;r_ and cauntiz I MARTH T s |
—— T TR TR T W




Taking It Back to the Classroom

Consider:

The research
The activities

The games played and
displays

Conversations
Handouts

|deas that were new or
important

Handout 9

’d



Five Little Seashells

Five little seashells sleeping on the shore.
(Hold up 5 fingers, bending down one for each verse)
Swish! went a big wave, and then there were four.
(Move arms, palms up, to make the waves)
Four little seashells quiet as can be.
Swish! went a big wave, and then there were three.
Three little seashells pearly and new.
Swish! went a big wave, and then there were two.
Two little seashells having great fun.
Swish! went a big wave, and then there was one.
One little seashell lying in the sun.
Swish! went a big wave, and then there were none.
Five little seashells gone out to sea.

(Point out to sea)

Handout 10

221//
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CDE Web Site

« At the Web address, the underlined Preschool
Learning Foundations link leads to the 192 page

publication providing easy access to the chapters and
sections.

 The Appendix, on pages 173-192, provides a
summary list of the foundations.

* Frequently Asked Questions (FAQ) are posted on the
Web site. Questions can be sent to
psfoundations@cde.ca.gov.

71
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To Purchase the Preschool
Learning Foundations Book

* The Preschool Learning Foundations
publication is available for purchase from the
CDE Press for $19.95 plus shipping and
handling.

* Ordering information can be found at the CDE
Web site www.cde.ca.gov/re/pn/rc or by

calling 1- 800-995-4099
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To Purchase PEL Guide

[NOW in Spanish! }

Preschool English Learners:
Principles and Practices to
Promote Language, Literacy Preschool English Learners
and Learn’ng p u bI ICatI O n IS Principles and P!’i.!ctifl:!-:jh?.::-::j:';iiﬁ

Languaps, Literacy, anc

available for purchase from the
CDE Press for $15.95.

Ordering information can be
found at the CDE Web site
www.cde.ca.gov/re/pn/rc or by
calling 1-800-995-4099.

Appendix A is translated into
Chinese, Hmong, Korean,
Spanish, Tagalog, and
Viethamese, and is available
on the CDE Web site.
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Take a Stand

il

Did you like math when you were in school?
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CPIN - Region
Contact info added
here.

You can announce
your next event or 7?7




Thank You for Coming!

Please take a minute and complete
the evaluation before leaving.

77



78

Optional Icebreakers




Grade Yourself in Math

* On a scale of “1” (A+) to “5” (F), how did
you perform in math in school?

 In your math group, talk about
experiences with Math in school.

* Be ready to share with the whole group.

79



The following slides are
for the debrief of
activities and the Make
and Take directions.
Place them where you
think they fit best.



How Did the Activity Support
Mathematical Thinking and the
Foundations?

* Share your experience with the activity
& materials used.

« What foundations did the activity
address?

* Are there any changes or additions to
make”?

81
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Math Make and Take




How to Play "Peace”

Each player has 5 shuffled cards.

Place cards face down in a pile in front of
you.

Turn one card over and partner turns one
oVer.

Whoever has the card with the most dots
takes the pair.

Continue playing until someone has all the
cards.

83



