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Readiness for School Mathematics 2

Supporting Pre-kindergarten Children's Readiness for School Mathematics

This project addresses issues that lie at the intersection of two National

Education Goals: Readiness to Learn, and Mathematics and Science Achievement.

Research has revealed cross-national and cross-socioeconomic differences in young

children's mathematical development prior to entry into elementary school. Within the

United States, informal mathematical knowledge develops at a slower rate in children

from low-income families than in middle-class children (Jordan, Huttenlocher, &

Levine, 1994; Klein & Starkey, 1995; Saxe, Guberman, & Gearhart, 1987; Starkey & Klein,

1992). Thus, American children enter school at different levels of readiness to learn the

school mathematics curriculum.

The overarching goal of our project is to help preschool teachers and parents

support pre-kindergarten children's readiness for school mathematics. In order to

achieve this goal, the project will be directed at two objectives. The first objective is to

conduct a comprehensive study of the ecological context of young children's

mathematical development. This study will reveal the extent of support for early

mathematical development that is provided to pre-kindergarten children in preschool

classrooms and at home. The second objective is to develop a pre-kindergarten math

curriculum organized into topical units, each with a set of informal math activities

accompanied by concrete materials. The curriculum will include both classroom- and

home-based components.

Project Design

The first objective of the project was to study the ecological context of young children's

mathematical development in preschool classrooms and at home. We coriducted two
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Readiness for School Mathematics 3

surveys one focusing on preschool teachers and another on parents of pre-

kindergarten children. A Teacher Questionnaire and a Parent Questionnaire were

developed to collect data on a range of topics related to young children's readiness for

school mathematics. The Teacher and Parent Questionnaires were constructed in

parallel to permit a comparison between teacher and parent responses on specific

questions.

Teacher Questiormaire. Teacher questionnaires were sent to 1,200 randomly

selected licensed preschool programs in California and Head Start programs in Region

IX (Far West). Questionnaires were completed in Spring 1997. Different types of

preschool programs were included in the sample such as private nonprofit, state

preschool, and University preschool programs.

Parent Questionnaire. Parent questionnaires were administered to parents of

pre-kindergarten children used in evaluating our pre-kindergarten math curriculum.

Questionnaires were completed by Baseline parents (Cohort 1) in Spring 1997 and by

Field-Test parents (Cohort 1) in Fall 1997.

The second objective of the project was to develop a pre-kindergarten math

curriculum for use in the classroom and at home, and to evaluate its effectiveness at

enhancing preschool children's mathematical knowledge. Our pre-kindergarten math

curriculum is being field tested by teachers and parents in 10 preschool classrooms over

two years. This field test comprises a socioeconomically and ethnically diverse sample

of participants.

In Field-Test Year 1, the curriculum has been implemented in five preschool

classrooms (private nonprofit and University preschool programs) serving middle- to

upper-middle-income families. In Field-Test Year 2, it will be implemented in five

preschool classrooms (Head Start and California state preschool program) serving low-
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Readiness for School Mathematics 4

income families. In the year preceding the field test in each classroom, baseline data

were collected on the teacher, children, and their parents (Baseline Year 1 and Year 2).

Thus, each classroom served as its own comparison group in the project design. Our

partner preschools are Step One Nursery School and UC Berkeley Child Care Services

for Baseline and Field-Test Year 1, and the Berkeley Unified School District State

Preschool and Southern Alameda County Head Start for Baseline and Field-Test Year 2.

Results

Ecological context of development. What is the nature of the ecological context of

young children's mathematical development? To begin answering this question,

questionnaires were administered to teachers and parents of pre-kindergarten children.

A subset of the questions and a summary of responses given by teachers (N=300) and

parents (N=47) are presented below.
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Teachers and parents were asked, "Which mathematical abilities or skills do children
typically develop by the end of preschool?"

Abilities within the Developmental Teacher Parent
Range of Pre-kindergarten Children Responses Responses
Count a row of 10 objects 93% 98%

Show which doll in a row of 5 is second 76% 92%

Solve small addition or subtraction
problems presented with objects 75% 81%

Share 12 crackers equally among 3 friends 48% 57%

Make a simple pattern with colored beads 94% 96%

Determine that two identical triangles in
different orientations match 69% 83%

Measure the length of a pencil using string 64% 72%

Use a computer with age-appropriate
software to learn math 61% 75%

Abilities outside the Developmental Teacher Parent
Range of Pre-kindergarten Children Responses Responses
Read arithmetic symbols, such as "+", 16% 30%

Solve single-digit addition or subtraction
problems presented on flashcards

Use a calculator to solve single-digit
addition or subtraction problems

Use the numerals 1-10 to make a number
pattern such as odd-even-odd-even

5%

17%

15%

16% 13%

Measure the width of a page using a ruler 16% 28%
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Three findings are especially noteworthy. First, a significant minority of teachers

and parents did not believe that pre-kindergarten children possess several types of

mathematical knowledge that developmental research has shown are within their

developmental range. Second, parents attributed more mathematical knowledge to pre-

kindergarten children than preschool teachers did. Finally, a minority of teachers

believed that pre-kindergarten children possess some types of mathematical knowledge

that developmental research has shown are typically outside their developmental

range.

Teachers and parents were also asked, "What are the relative contributions of the

home and the preschool environments in preparing children for math in kindergarten?"

Relative Contribution Teachers Parents
Home contributes more than preschool

Home and preschool contribute equal amounts

Preschool contributes more than home

9% 38%

17% 32%

71% 30%

Most teachers believed the preschool environment contributes more to math readiness,

but parents varied widely in their views.

Teachers and parents were also asked, "What do you believe contributes to

children's early mathematical development?"

Most Important Factor Teachers Parents
The age or maturation of the child 44% 49%

Generally rich learning environment 36% 44%

Specific math experiences 20% 7%

Teachers and parents appeared to undervalue the importance of specific math

experiences in mathematical development.
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Teachers and parents were asked, "Do you know what is taught in the

kindergarten math curriculum?"

Teachers Parents
Yes 68% 36%

No 32% 64%

One-third of teachers and two-thirds of parents reported that they did not know what is

taught in the kindergarten math curriculum. A follow-up question revealed that even

fewer actually knew what is taught.

Teachers were asked: "To what extent do parents provide math activities to pre-

kindergarten children at home?"

Do not Not at All A Great
Know or Rarely Moderately Deal
24% 26% 42% 8%

Parents were asked: "To what extent do teachers provide math activities to pre-

kindergarten children at preschool?"

Do not Not at All A Great
Know or Rarely Moderately Deal
21% 4% 43% 32%

Children's developed math abilities. The Child Math Assessment instrument

was developed to measure preschool children's mathematical knowledge across a

broad range of math concepts. The assessment consists of 14 tasks drawn from the

research literature on young children's mathematical development. Young children's

numerical and arithmetic knowledge is assessed as well as spatial and geometric

knowledge. The tasks encompass a range of difficulty. The assessed numerical and

arithinetic knowledge includes knowledge of the number series, counting principles,

ordinal number terms, number reproduction, simple addition and subtraction (with

and without concrete objects), and two-set addition with hidden sets. The assessed
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spatial and geometric knowledge includes pattern duplication and extension, shape

names, geometric reasoning and analysis, and spatial location terms.

Tables 1 and 2 summarize the results of the Spring 1997 Child Math Assessment

of the Baseline children (Cohort 1) from middle-class families. Some noteworthy

findings were first, that there was considerable variation both within and between

children in their performance across these mathematical tasks. Second, there was a

strong effect of set size: children were more accurate on counting, number

reproduction, and simple addition and subtraction tasks with smaller sets than with

larger ones. Third, children who exhibited well-developed counting skills on standard

counting tasks often did not use these skills to solve other numerical problems such as

number reproduction or addition and subtraction with concrete objects. Also, even at

the end of their pre-kindergarten year, it was difficult for children to reason about

arithmetic operations in the absence of concrete objects. Another noteworthy finding

was that children found it much easier to duplicate a pattern than to extend it.

Some general conclusions that can be drawn from these findings are that pre-

kindergarten children's performance across the diverse set of mathematical tasks in the

Child Math Assessment reveals individual profiles of strengths and weaknesses in

children's developing mathematical knowledge. These developmental profiles reveal a

need to implement a comprehensive preschool math curriculum in the pre-kindergarten

year in order to prepare children for school mathematics.
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Curriculum

What comprises a developmentally appropriate math curriculum for

pre-kindergarten children? Some of the principles guiding the development of our pre-

kindergarten mathematics curriculum are: (1) The curriculum should be designed to

promote the development of informal mathematical knowledge in the domains of

numerical cognition and spatial cognition, (2) the curriculum should organized into

topical units based on developmental research and mathematics frameworks (NCTM

and California frameworks), (3) each unit should include multiple sets of activities with

concrete materials, (4) the activities should allow for developmentally upward and

downward extension, and (5) the curriculum should include a variety of instructional

approaches to address individual learning styles.

Topical units of the curriculum. The curriculum is composed of the following

units: Unit 1 Enumeration and Number Sense; Unit 2 Arithmetic Reasoning; Unit 3

Spatial Sense; Unit 4 Geometric Reasoning; Unit 5 Patterns and Spatial Constructions;

Unit 6 Logical Reasoning; Unit 7 Measurement; and Unit 8 - Computer Math

Activities.

Instructional approaches. In teaching the Classroom-Based Component of the

curriculum, three instructional approaches are used. First, there are small group

activities consisting of teacher-guided math activities used with groups of 4 to 6

children. There also is a math learning center which is a locus for child-directed

activities with materials from the small group sessions and supplemental related

materials. Third, there are computer activities. In the Home-based Component of the

curriculum, home curriculum classes are provided for parents and children. Home

1 4



Readiness for School Mathematics 12

math kits materials and curriculum guide sheets are made available for parents to

use at home.

Professional Development Activities

What types of professional development activities are needed for teachers to

implement a developmentally appropriate math curriculum? In our project, field-test

preschool teachers attend two math curriculum workshops and receive ongoing

technical assistance.

Summer Workshop. Teachers learn the first four units of the curriculum and the

computer unit. Activities are demonstrated. Teachers read activity scripts in their

curriculum manual and practice the presentation of selected activities. Teachers also

learn about young children's mathematical development through staff presentations

and videotaped examples of young children solving mathematical problems at different

points in development. Third, teachers learn how Home Curriculum classes can be

used to help parents support their children's mathematical development at home.

Winter Workshop. Teachers learn the remaining three units of the curriculum

through the same instructional methods as in the summer workshop. Teachers also

discuss their experiences in field testing the math curriculum in their classrooms.

Technical Assistance. Teachers are provided with technical assistance while field

testing the curriculum.

15



Readiness for School Mathematics 13

References

Jordan, N.C., Huttenlocher, J., & Levine, S.C. (1994). Assessing early arithmetic

abilities: effects of verbal and nonverbal response types on the calculation

performance of middle- and low-income children. Learning and Individual

Differences, 6.

Klein, A., & Starkey, P. (1995). Preparing for the transition to school mathematics:

the Head Start Family Math Project. In P. Starkey (Chair), School readiness

and early achievement of impoverished children. Symposium conducted at

the meeting of the Society for Research in Child Development, Indianapolis.

Saxe, G. B., Guberman, S. R., & Gearhart, M. (1987). Social processes in early number

development. Monographs of the Society for Research in Child

Development, a (2 Serial No. 216).

Starkey, P., & Klein, A. (1992). Economic and cultural influences on early

mathematical development. In F. L. Parker, R. Robinson, S. Sombrano, C.

Piotrowski, J. Hagen, S. Randolph, and A. Baker (Eds.), New Directions in

Child and Family Research: Shaping Head Start in the 90s (p. 440). New York:

National Council of Jewish Women.



1-30-1699 1:S6PM FROM ERIC/EECE / NPIN 2173333767

U.S. Department ofEducation
Moe of Educational Research and Improvement (OERI)

National Library of Education (NI,F)
Educational Resources Information Center (ERIC)

REPRODUCTION RELEASE
(Specific Document)

I. DOCUMENT IDENTIFICATION:

rine: Grilppor +in 4, ri--kTitte,r--4.(2_r-ien 6hi I kren's ke-a44r)e,ss
for &coI "Th a-them-4_41c s

P. 3

a

RIC

Publication Date.Comomts &woe:

kriy 15e /9/8
dvs

II. REPRODUCTION RELEASE
In order ft esseminate as *defy as possible elegy and Signikent miliaria of interest to the oder:shone communal,. documents announced in the

monthly Oa et journal of the ERIC system. Rnources is &Mahon (RE), We usually made available to users in miaoliche. reproduced paper copy,
anti NUMMI 1 MOIL and sOld through the DEC Document ReprOduction Service MORD). Creel is given to the source of each document and if
reproduction remise is granted. One of the fallowing notices is effaced to the document.

Epeeist on is granted to reproduce and disseminate the identified document piano CHECK ONE of the foaming three ochons and sign at Me bottom
of the page.

TN moo I maw moo Wow MI lo TIN urge Watormown Nies vidi os
eNto to 0 Loon 1 dootoninft Mom to 0 100 0:0000

PERMISS ON TO REPRODUCE AND
D1SSEM1 ATE THIS MATERIAL HAS

trEs Ortou5110 Wr

rmiorT04°

TD THE Et LICATIONAL RESOURCES
INFORI PATON CENTER (PIC)

Laval I

(7)
Otaknomb la LA d4 1 1000.90000 toomeaclott
ono sinwtoorto in coNtetto or dor ENG intim

mods (ot olodionle) oftloolt

pottotswon yo REPRODUCE AND
DISSEMINATE THIS MATERiAL IN

MICROFICHE et4D IN ELECTRONIC MEM
FOR ERICCouzonow sueSCRAERS ONLY.

HAS BEEN GRANTED BY

2A

s'6
TO TME EDUCATIONAL RESOuRCES

INT.ORMATION CENTER IERIC)

Love 2A

El
Caw* too tot Least 2A rionott. pornittoo notodon

eisworinolon In mIctolkho woI In olettowie NNW
Ito URIC NNW osisclito some= env

The NMI& ~of Nom wow MI DO

WINN 10 Se LA0 25 =Mom

PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL IN

MICROFICHE ONLY HAS BEEN GRANTS") SY

28

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)

Levy 29

El
Cm* tato Nt Lovei 26 mesa MINMIY)

roprowasen anti ottootolnoion In miadiche toff

boauftwits WA 5. pronsuid ottilapodon.**1 nowoonNen Now tannint.
is pagination to togondoca ii otalstt Nano bait is chatted. elocumanit sO be weaned et Lave. 1.

b isbywit to tbe Educationel Reeourbes Infonbation CenW (EFK) nowdusAfe permission to reproduce and cideentewee this docureens
as Indlosted above. Roroducede ham Mg ERIC microfiche or Nectar* mesa by persons other than ERIC employee& iew, system
co Midas mac re .1 pemetsi a from the cyst* heklet Except*, mock kir nottiffol trepcduction by libraries end other smite agencies
ID tab* extemation nerds o educalor s u mows* to disco* ktorkfes.

Sign
Itere,4
peas.l 17V41-wfa f Aktman 6 sti eiop men

// Tolman 1tp-11
lkn it/ e (-5 i'444 0-alArnict

Ae,rkelel, e q 4.7.1 o logo

ZO'd 6EZL-Z179 - nap uvutriH 4 0 ai.r-11.1.1.su NYOV:TI 66-SO-XvW


