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Preface

n June 15-16, 1999, Educational Equity Concepts,

«f Inc., and the New York Academy of Sciences convened

“Educating for the Future: Connecting Kiridergarten in

the Year 2000 to the Workforce of 2020.” The conference was
supported by the National Science Foundation under an initiative
entitled “Transitions from Childhood to the Workforce” (TCW).
The initiative was created to foster research on children’s learning
in order to help children become healthy, productive citizens who
are competent to join the technologically intensive workforce of

the 21st century.

The conference, held at the New York Academy of Sciences in
New York City, brought together a diverse group of researchers
and educators representing many academic disciplines and areas
of expertise—child development, special education, early child-
hood education, sociology, psychology, physics, mathematics,

assessment, teacher education, parent involvement, economics,

! Early Childhood Science Education and the Workforce of Tomorrow

"
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and demographics. In a series of interactive panels, participants
discussed six questions related to the TCW initiative. The
emphasis was developmentally-appropriate science, math, and

technology education, beginning in early childhood.

The conference opened up avenues for future cross-disciplinary
research projects to be undertaken by the participants and others.
A list of questions and issues for further exploration appears in
the back of this document. The conference sharpened many
questions. Despite a solid understanding of how young children
learn, there is still more that we need to find out—particularly in
the fields of math, science, and technology education. Moreover,
issues of equity and access remain major and formidable barriers
toward progress.

We look forward to a future when a// young children will be
nourished by excellent math, science, and technology education,
with well-prepared teachers and developmentally-appropriate
classrooms. Looking to the year 2020, we must press forward
right now if we want tomorrow’s workforce to have a quality edu-
cational experience today. Kindergartners are at the beginning of

a journey. We can help them to achieve greatness.

MERLE FROSCHL, Educational Equity Concepss, Inc.
RODNEY W. NICHOLS, New York Academy of Sciences
Lori SKOPP, New York Academy of Sciences

BARBARA SPRUNG, Educational Equity Concepss, Inc.

2 A Science in Society Policy Report



Introduction

any children attending kindergarten in the year 2000
will be entering the workforce by the year 2020.

Connections between the playful learning of children

and their careers are real, but little attention has been paid to
them by researchers, teacher educators, practitioners, or parents.
Often these connections are not addressed until much later on
the educational continuum, if at all. For example, college juniors
and seniors think about careers as graduation approaches and they
must decide on their next steps. However, to understand how
today’s kindergartners can become tomorrow’s productive citizens,

a focus on the beginnings of learning is essential.

Although early childhood education is a young discipline (mostly
developed within the 20th century), a large body of research

Q
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already exists on the developmental
benchmarks all children must

achieve, on the active learning style

Children are learning from the
moment of birth, and perhaps

even before that, in utero. In

of children, on language develop- terms of education in a school

ment, and on social development. setting, the early childhood

The research of Piaget and Vygousky

years (preK-grade 3) are a time

and the educational philosophy of | cognitive, social,

John Dewey are the foundations for [ emational growth. They

constructivist curriculum _—
u u um and the are the years when the building

child-centered learning environ- blocks of the formal learning

ment. A ivist approach to |- . .
constructivist app disciplines—mathematics, sci-

learning provides children with an :
&P w ence, language arts/communi-

i in which the - . . .
environment in which y con catien, social studies, art, and

struct knowledge through direct music are constructed through

experience with objects andrlphe- developmentally-appropriate

nomena, research, and workmg curricular activities. These

cooperatively with others. Itis a .
P yw early years are aiso the time

style of learning which comes natu- when children form their views

rally to most children, and is in tune|§ of the world they live in, and

both with developmentally-appro- their place in it.

. . h . .
priate practice and the movement in [RNEEE—_G_" Sprung, Educational

science education toward inquiry- Equity Concepts, Ing

based learning.

The High/Scope Foundation’s long-term study on the children
who attended the Perry Preschool underscores the role of early
education in the development of a productive citizenry and work-
force.!" This longitudinal study followed children who attended a
high quality, child-centered active learning preschool program.
The study found that at age 27, in comparison with a control

group, the Perry Preschool group achieved a significantly higher

10
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level of schooling; had significantly more home and car owner-
ship; needed fewer social services; and had significantly fewer
arrests. More recent research on brain development further con-

firms the importance of high quality early education.?

Even the best trained early education teachers may know very lit-
tle about science, math, and technology, and may also have anxi-
ety about these subjects. In fact, even in schools where construc-

tivism and active learning are the norm, science, math, and tech-

nology may not get the attention School success is the absolute
that they deserve. ~ essential if children are going

" to join the workforce of the
The challenges of effective science, 21st century in 2020. ‘There

math, and technology education for YRt RUIT L EIRUN
young children are worst in schools [RANTEN R IR EVCERITN
where teachers are poorly trained, of a chance of making it as
there is high teacher turnover, or _ihings stand right now—chil-
students come from severely disad-  [TES R RN AL L from’
vantaged backgrounds. Indeed, the low-income families, racial
biggest challenge comes in making SN NNGITTNININRELIIENT
quality early education universal. ' speakihg children. We have a
Too many children—African- - crisis on our hands if we are
Americans, Latino/as, girls from all SRR EREIETIENERTE OIS
groups, children with disabilities, ‘to bring all children into the
children whose first language is not RSN RNRITE IR Ne
English, children of poverty—do not Barbara T. Bowman,
have access to the best education we Erikson Institute.

can provide. Unless we seriously
address these equity and diversity issues, we may not be able to

meet our workforce needs in the 21st century.

il
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Demographics tell the tale. A recent study entitled, Children of
2010, reports that children of color will represent the majority of
young people in the most highly populated states—Florida,
California, New York, and Texas—by the year 2010; and by the
middle of the 21st century people of color will represent a majori-
ty of the population of the United States.? In the context of sci-
ence, math, and technology, these are the children who do not
have equal opportunity for early preparation, advanced course

work, career counseling, or other opportunities in these growing

fields.

These stark demographic issues are While research has taught a
juxtaposed against the desired great deal about quality early
attributes of the future workforce— education programs, there
teamwork, creative-thinking, prob- has been little exploration of
lem-solving, strong communication  [RUAMIEIERUEIURNAEIERELD
skills, competence in technology. technology in kindergarten.
These challenges for educators, also Lori Skopp, New York
include issues of social change as well Academy of Sciences

as educational practice. But, it is not enough to discover the
most effective ways to teach science, math, and technology to
young children. Throughout the conference, participants
returned time and again to the social issues of equity, diversity,

and poverty that inhibit every aspect of educational reform.

i2
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Developmentally
Appropriate Ways to
Expand Young Children’s
Understanding of the
World

" evelopmentally appropriate practice (DAP) was articu-

, D lated in the mid-1980s by the National Association for
the Education of Young Children (NAEYC). The pur-

ose is to counter the “push down” pencil and paper curriculum
pap

that was being increasingly employed at the preschool level as a
method of “school readiness.” DAP is educational practice that
caters to the cognitive, social, and emotional needs of individual
children at varying stages of development. An early childhood
classroom that follows DAP is child-centered, allowing children
adequate time to explore materials, work with other children, and

learn within a nurturing and supportive environment.

i3
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Standards for DAP that are geared to the developmental level and
needs of the individual child are seemingly opposed to national
education standards, which set fixed goals to be met by each
grade level (e.g., every child will read with fluency and compre-
hension by third grade). In order to help teachers respond to the
national standards movement, the NAEYC modified its definition
of DAP in 1997. DAP now takes a more flexible approach,
which acknowledges the reality of standards-based assessment
while remaining true to principles of child development.
Curriculum based on DAP encom-

Developmentally appropriate

passes the followmg; practice exercises and chal-

+ clear and measurable objec-
tives about what children
need to know and flexibili- as they emerge at a given

ty for those objectives to developmental level. It encour-
change over time;

lenges the learner’s capacities

ages and helps the learner to

+ methods of assessing what .
develop a unique pattern of

children already know and

how that knowledge can be interests, talents, and goals.

utilized for school success; It's demogcratic; it gives the
+ conceptual frameworks to child a choice. It recognizes

help children organize

information they have
learned for themselves and her own pace and that each has

others; different interests, abilities,

+ understanding of and atten- and motivations. Finally, it pre-
tion to the emotional needs
of children, the importance
of their relationship with when learners are best able to
other children and adults, master, generalize, and retain
and knowledge of what

motivates them to learn.

that each child learns at his or

sents learning experiences

what they learn, and can relate

it to previous experiences and

In a DAP classroom, a network of future expectations.

attachments is created through Barbara D. Finberg,

daily interactions—teacher to MEM Associates

i4
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child/child to teacher, child to child, teacher to family/family to
teacher. Learning is viewed as a social as well as a cognitive event.
The culture of the school and the culture of the home need to be
understood so that families and educators can learn from each
other in order to best serve the needs of the child. This is partic-
ularly important in reaching children who are at-risk. Educators
must assess what children already know when they enter school.
They can build upon the child’s developmental competence and
learn about the child’s competencies by listening to their parents’

assessment; and to children themselves.

The Role of the Teacher

An effective teacher is one who is well-trained, eager to connect,
believes in every child’s ability to learn, and is an active and self-
reflective practitioner. Such a teacher conveys that she or he cares
about each child as an individual, and learns to know a child
within the context of his/her family and culture; makes sure that
each concept being taught is understood before moving a child
onto something else; and has high expectations, which are con-

veyed to a// children.

Since early childhood education is a multi-disciplined endeavor,
to teach effectively teachers need to acquire a broad range of aca-
demic knowledge and must have mastery of the subjects in the
curriculum. Moreover, high quality preservice education is need-
ed that teaches how to teach subject matter such as math, reading,
and science. Teachers often find themselves in stressful and non-
productive situations when the culture of the school does not
support what they know to be best practice. Time must be made

for ongoing professional development to keep up with changes in
- 15
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the field, and to generate new It is not enough for a school

approaches to teaching and learn- building to have one or two good

ng: Teacher autonomy—the free- to excellent teachers. All chil-

dom to create curriculum that is .
dren deserve a cohesive cohort

child-centered and developmental- :
of teachers who are supporting

ly-appropriate—is integral to a

each other and who are engaged

DAP classroom. Time to plan in a social endeavor of teaching

alone, with colleagues, with par- . .
’ gUCS, P and learning, and who also view

ents, with children, and time to
themselves as learners.

assess and reflect must be built )
Jerlean E. Daniel,

into the culture of the school. University of Pittsburgh

Inclusion

Inclusion is an integral aspect of DAP. The inclusion of children
with disabilities in the early childhood community of learners is
another essential aspect of developing productive citizens who will
form the workforce of the future. The segregation of children
with disabilities has led to low expectations.on the part of teach-
ers and parents, gender disparities (with boys being dispropor-
tionately placed in special education), high drop-out rates, and, in

the long-term, low employment opportunities.

Diverse groups of children learning together builds friendship,
tolerance for individual differences, empathy, and respect for
democratic principles. For example, children with and without
disabilities share skill learning—children with disabilities have
experience in problem-solving and creative-thinking to share with
peers; children with good language skills can share those skills
with peers who have language delays; and peers can model posi-

tive behavior for a child with emotional or behavioral difficulties.

i6
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Looking Forward

To achieve the goal of a healthy, active, productive citizenry, a//
children entering school must have teachers who have broad-
based knowledge of child development and DAP, academic com-
petence in subject matter, and understanding of and respect for
diverse cultures. The culture of the school must change so that
parental insights are valued, home cultures are respected, and par-

ents are welcomed as partners in their children’s education.

Early childhood science education needs reform. The teachers
poor science and math education, lack of preservice training in
how to teach science in developmentally-appropriate ways, and
the fact that many early childhood teachers are female and have
been socialized to think science is not for them, has resulted in a
serious deficit in the curriculum. This must change. The con-

structivist approach to curriculum

coupled with children’s desire to Exclusion from the educational

know how things work are strong mainstream is, in essence, a

assets for science education. violation of a child’s civil rights.

Teachers who are exposed o In the year 2000, if all five-year-

inquiry-based science workshops old children with a disability

have the opportunity to overcome attended kindergarten class in

their anxieties and appreciate the their neighborhood school with

value of making science an integral typically developing peers, and

they could be aemember of an

part of the early childhood cur-

riculum. Parents, too, can learn inclusive class throughout their

how to bring science and math school career, they will be better

experiences into the everyday lives prepared for the workforce.

of children through simple activi- Valerie Lava,

Long Istand University

ties using common and culturally-

familiar materials.

i7
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Helping All Children
Develop a Broad Range

of Skills that will Prepare
Them for Later

Competency in Science,

Math, and Technology

~] he idea of play as a valid form of education was first
described in 1826, by Froebel, “the father of kinder-
garten” in his book The Education of Man.* He says

“that play is the primary mode of learning for children; that

understanding occurs through meaningful and multisensory expe-
riences with the world.” This mode of learning can be referred to
as meaningful play—a form of play where the teacher creates an

environment through which children can learn.

Although the idea of play-centered learning has existed for 170
* years, play, and developmentally appropriate practice (DAP), is
not yet common in many early education classrooms—particularly

i8
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beyond the preschool years. It is
likely that the absence of DAP in

classrooms is related to a lingering

Often when the teacher would
ask what are these shapes,

and the kids would go ahead
Puritanical distrust of play as time

and name all the shapes, she

“wasted” which dates back to early would then say, “let me

notions of education in which the teach you about them,” and

teacher's major role was to provide with that evidence right

discipline. This is also attributed to before her would proceed

an under-appreciation of the value of|
“hand” or “visual” knowledge.

with the lesson as if the kids
had said, “| have no idea.”

Douglas H. Clements,

SUNY Buffalo

Learning Through Play
Learning occurs naturally during children’s play. During
preschool free-play time, children spend about half of their time
engaging in mathematical activities such as classification, explor-
ing dynamics/change (addition, subtraction, etc.), numeration
(counting), magnitude comparisons, spatial relations (both in
terms of and apart from navigation), and the creation and explo-
ration of shapes and patterns. Young children are good at discov-
ering mathematical concepts about the world around them. Even
without particular teacher guidance, children engage in meaning-
ful play as they build with blocks, put together puzzles, measure

and pour liquids, and discuss the world around them.

Algorithms

Children are able to combine concepts they have been taught
with games they enjoy, in order to develop algorithms for mathe-
matical concepts. For instance, a girl told her father that when

her younger brother was six, she would be eight, when he was

R i b
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seven, she would be nine, and so on until he was eighteen and she
was twenty. When her father asked how she had figured that out,
she said, “Simple, you just say, six-SEVEN-eight, seven-EIGHT-
nine,” and she stamped her foot on Young children—regardless of
the middle number for added
emphasis. Her father realized that

their socio-economic status--

are already engaged in mathe-
she had combined counting, which [EEEEG_G_ thinking. What's strik-

was a skill that she had been taught, ing about young children are

with the ditties that she sang skip- the opportunities—not the

ping rope to figure out how to do barriers—for mathematical
simple addition with an algorithm learning. Their learning typi-

for adding two. There is deep value cally involves more than sim-

in such self-discovered algorithms. ple concepts that psycholo-
Children who are allowed to build gists usually study.
their own algorithms end up with Herbert P. Ginsburg,
higher achievement in formalized Teachers College, Columbia

math settings.

University

If children are going to learn about science, math, and technology
through play, then they need to be provided with playthings that
will fuel their inquiry. Playthings designed for this purpose are
called “manipulatives”. Educators do not know precisely what
makes an effective manipulative though they do know that some
manipulatives succeed in transmitting information, while others

do not.

One basic guideline is that manipulatives should be open-ended,
yet formalized, thus allowing children to experiment, while guid-
ing their thoughts in productive directions. One can, however,
discern the traits of an effective manipulative by watching chil-

dren play/interact with different objects.

20
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Manipulatives should be designed with an eye toward mathemati-
cal concepts. Another successful characteristic of manipulatives is
pleasing aesthetic design—clean lines and attractive colors tend to

draw children to the material.

Computers
Computers are another type of “hands-on” educational tool to
encourage technology education. To those who do not have

training in child development, they may appear to be more “seri-

" ous” than manipulatives, which may be seen as toys of dubious

educational value. Computers should complement rather than
supplant the use of manipulatives in the classroom. Young chil-
dren need to focus on multisensory and three-dimensional learn-
ing experiences. Computers may also confuse young children,
who have trouble determining whether or not they are, in fact,
“alive”. Young children go through a developmental stage of

“magical thinking,” in which they ]
. . . The pure pleasure of arranging

cannot always distinguish what is ] i
. forms in space and deciding

real and what is fantasy.> Compurer i . _
what looked right and reflecting
programs often add to the sense of .
« . on what that meant, seeing
‘magic”, for example, on a comput- . )
. similarities and differences

er a seed can grow into a flower )
. from these forms, and ones in
within seconds. .
the real world, was totally

. . . . involving for children, even
Still, having children become famil- .
. . . those who were considered
iar with the computer can provide _ e

. hyperactive and couldn't sit still

an advantage for those entering the )
. for a minute.
workforce in the year 2020. In )

. Karen Hewitt,
doing so, however, software needs

Learﬁing Materials Workshop

to be carefully chosen and screened

w
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by teachers so that it is age-appropriate, and linked to the curricu-

lum.

Implementation Issues

When children use manipulatives and play to learn core subjects
such as math, the teacher’s role naturally changes. Should a
teacher intercede when children are arguing about size to indicate
whose block tower is, in fact, bigger, or should she/he let the chil-
dren decide? To what extent should the teacher control the activ-
ities available to children? Should the teacher's role be simply to
set up a stimulating, colorful, and diverse environment or should
she/he plan activities for the students to participate in? And if
activities are planned, should the teacher intervene to make sure
that students participate in them? These questions need further

investigation.

While the role of play with manipulatives has been firmly estab-
lished, there is still more to learn about implementation issues in
the early childhood classroom. Additional field research and
teacher experiences will need to guide developmentally appropri-
ate practice (DAP) science, math, and technology education in

order to create a clear picture of optimal DAP instruction.

22
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Using Assessment to
Learn About

Children’s Science

Learning

he principles of developmentally-appropriate pracrice

(DAP) are rooted in the understanding that each child

i develops at his/her own pace. Good teaching practice
in the early childhood curriculum involves ongoing
assessment—both to gauge the progress of each individual child,

as well as to inform instructional practice.

Multiple Forms of Evidence
Developmentally-appropriate early childhood assessment in sci-
ence centers around multiple forms of evidence gathered

through the course of normal classroom activities. Types of evi-

E MC 17 Early Childhood Science Education anzle:;/orkforce of Tomorrow
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dence include: observation; discus- SRS assessment, there
sion; and analysis of students’ really need to be multiple
drawings, written work, and con- [EIRRIRRETSUE SRR
cept maps. By analyzing multiple YW any one piece of evidence
forms of evidence, teachers gain an any one time can ever tell

understanding of children’s learn- you a true picture of children’s

ing styles, strengths, and weak- performance is inadequate and
nesses. In order to gain a sense of probably wrong.

a student’s progress, teachers must Jacqueline Jones,
examine these multiple forms of Educational Testing Service

evidence over a period of time
(e.g., comparing the beginning of the year with the middle of
the year).

Assessment Skills

Teachers need practice “reading” children’s science work.6
Conducting assessment around science curricula calls for docu-
mentation of both process and content. For example, a discus-
sion following a hands-on exploration can help teachers assess
whether children have ideas about concepts that underlie what
they have experienced, whether there are inaccuracies that need
to be clarified, and whether children are ready for new informa-
tion. Open-ended questions are especially useful in this realm,

to assess what children know and to spur their thinking.

Teachers must continually reflect upon what they document.
Ideally, teachers have an opportunity to analyze evidence in con-
sultation with colleagues who teach at other grade levels. This
enhances a teacher’s ability to sense where students are relative

to peers in thC same age range.

' N
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Perspective of the Parent and Child Learning is something that

Parents are an 1m ortant part Of . .
P P people do in all aspects of their

the assessment process. In some . . )
P lives and, in fact, o meaning-

cases, parents may provide insight )
> P Y P g fully assess learning you have

into the child’s performance, and to understand how the things

may have observations of their that children do in school

own to contribute to the teacher’s relate to the things they do at

evidence. More likely, parents will home, in afterschool programs,

be interested in the teacher’s evalu- . )
¢ Intereste N crs e and at camp. Only in looking

ation of their child and his or her at someane’s life do you really

progress during the year. It is also

understand what meaningful

important to keep children learning is

involved in the assessment process, Lynn Dierking,
and to give children feedback Institute for Learning

about how and what they are .
Innovation

learning.

Standardized Testing

There is a disconnect between assessment as described
above—using multiple forms of evidence (sometimes referred to
as “authentic assessment”), and testing content knowledge
through standardized tests. Authentic assessment is especially
appropriate for gauging early childhood learning within the
context of the classroom. In contrast, According to the
Association of Childhood Education International, standardized
testing is a questionable practice, particularly during the
younger grades when children’s growth is most uneven and

idiosyncratic.”

23
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Standardized testing, however, is T —

an integral part of the educational . .
assessment, unlike reading

experience for almost all children and math, doesn't bring a long

because it satisfies administrative . ) .
history of testing. Science

- and reporting concerns more effi- .
presents an opportunity to

ciently than alternative assessment.
A further benefit of standardized

tests is that they provide teachers

really create new models for

assessment.
Edward Chittenden,

ith ful f . . .
with a powerful source of research Educational Testing Service

data that, which if properly used,
can inform practice.8 Thus, from a practical standpoint, teach-
ers need to know how to help children successfully master these
exams. Staff development that builds familiarity around test
content and format and helps teachers create a comfort level for
children has become a necessary reality. Making peace with
standardized testing in no way compromises or lessens the need
for the broad developmentally-appropriate approach to assess-
ment described above. There is room for both types of assess-

ment in the educational process.
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Implications for

Teacher

Education

n the context of school
I reform, it is essential to

examine teacher prepa-
ration from the perspective of
practice, content, and equity.
Institutions of teacher education
need to: better educate teachers to
understand the process of learn-
ing; improve teachers’ grasp of
content, particularly in the areas
of science and math; and engage
them in the process of creating

institutional change around issues

All of the children who enter the
workforce in 2020 will experi-
ence diversity in the workplace.
They all will need to experience
some curriculum, information,
or. approaches that will allow
them to learn about and appre-
ciate differences in their work
and in their social interactions.

Edward Greene,

Lehman College, City University

of New York

.
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of diversity—a necessity if teachers are going to be able to edu-
cate today’s young children for life and work in the global econ-
omy of 2020 and beyond.

Examining Practice

In terms of practice, the active learning, experiential approach
based on developmentally appropriate practice (DAP) and prin-
ciples of child development are valid methods for early child-
hood education. Teachers need to be trained to engage in child
study as an integral part of their daily interaction with
students—that is to observe, record and analyze children’s activi-
ties as a means to understand how they learn and what they

know.

Field Experience

Direct field work, when a student

Between the child initiated play

works in a classroom under the and the totally teacher directed

guidance of an experienced teach- activity there is a vast divide,

er, is another essential aspect of and we are not really training

teacher preparation. Field experi- JERGEUCEACIIIELNESIIE]

ence should be with 2 model vast divide—to watch chiidren

teacher, and there is a severe when they play, to know or intu-

shortage of good placements. The JACUREUEEEIIAT

typical rwelve-week segment for intervene so that you are not

the field experience is too short a interfering with the child’s

period for observing the lead thought processes but extend-

teacher, preparing and trying out ing them.

lesson plans, learning the needs of [JERGIIEIILA LS

individual children, and absorbing Callege of Education
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the nuances of school culture. However, in the current struc-
ture for teacher preparation, a longer field experience is difficult
to administer. Whatever the field experience, it is enhanced by
opportunities for self-reflection through journal writing, action

research, or analysis of field experiences in terms of DAP.

Structure and Content

Not many of us have experi-

Turning to the issue of classroom
g enced the kind of environ-

structure and content, teachers need )
ment for learning that we are

to be trained in how to set up activ- i
trying to create. Very few of

ity centers in which children can
my students have learned the

learn through the use of engaging way | would like them to

materials, with the teacher serving learn. or the way | would like
m, or

as facilitator and monitoring them to teach
Karen K. Lind,

University of Louisville

progress. While it is encouraging

that there has been growth in this

approach for pre-K classrooms over
the past few decades, there is also an opposing trend to establish
first- and second-grade type classrooms with more teacher-

directed instruction at the kindergarten level.

Teacher education institutions need to help preservice teachers
understand how to select materials that support content. For
example, lack of knowledge about the myriad learning possibili-
ties of unit blocks has led to diminished use of these materials
in the pre-K and kindergarten classrooms, where they were once
a curriculum staple. Since unit blocks are an open-ended mate-
rial that give children experience in geometry, physics, balance,
symmetry, problem-solving, decision-making, creative-thinking,
cooperative learning, and social/communication skills, to name

just some of their autributes, teachers-in-training need hands-on

<9
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experience to gain awareness of their value, especially in the
areas of math and science. Block building also adds immeasur-
ably to the information children gain from other more narrow-

ly-based math manipulatives.

Using the Natural Environment

Teaching preservice teachers how to use the natural environ-
ment for content is another area that needs attention. Exposing
young children to life forms found in the everyday, nearby envi-
ronment provides more meaningful content than kit-based sci-
ence that may or may not relate to their immediate world, be
that an urban, suburban, or rural setting. A square of grass, a
bare city tree in winter, a concrete playground, all can be used
to sharpen children’s observation skills while enhancing their

understanding of the natural world.

By exploring the everyday world, children can learn to think—to
pose problems and to solve problems, perhaps the most essential
skill for the 21st century. Through everyday activities children
can develop process skills essential for science—sorting, classify-
ing, measuring, comparing, documenting. Using their senses to
explore their immediate environment, children will learn to
observe phenomena, pose questions, experiment, seek answers,
conduct age-appropriate research to find answers. Teachers can

learn to harness students’ natural curiosity.

Modeling Inquiry-Based Learning
Teacher education institutions must model inquiry-based learn-

ing in order to develop teachers who are comfortable teaching
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children in this way. Teachers must learn how to ask open-
ended questions instead of demanding “right answers.” What
does it look like? Tell me about it. How can you find our?

Can you think of another way? These are all questions that will
spur children to think and problem-solve in ways that memo-

rized facts, which may quickly become obsolete, never will.

Confronting Inequity

Clearly, teacher education institutions have much to change in
order to produce teachers who will successfully prepare 2// chil-
dren for adulthood and work in the 21st century. But meaning-
ful change cannot occur until the institutions themselves con-
front issues of inequity that are inherent in the very structure of

higher education.

Institutional forms of bias stand as obstacles to children reach-
ing their full potential, and schools of education have a role to
play in creating institutional change. Teacher education courses
must address institutional bias and equity issues, not in an a4
hoc manner at the discretion of individual teachers, but in-depth
as a full semester course and as a topic of faculty led seminars

and conferences.

Science provides an example. Traditionally science has been the
domain of white males. Others, such as children of color, all
gitls, children with disabilities, and children from low-income
families, were not seen as “science capable” and, thus, were not
given opportunities for instruction, scholarships, internships,
and other ways up the scientific ladder. One can make a similar

case for inequities in the field of mathematics.

. 4
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Teacher educatlon mstitutions When we look at science,

need to prepare teachers to math, and technology, as when

become advocates for equity in we look at any other content

the public schools and early child- and process issue in education,

hood centers where they will ulti- RN major obstacles that

mately teach. To accomplish chis, [ NIEENTPRINN PRI

the first step is for faculty and today are equity issues.

administrators of teacher educa- [T EIEGT I,

100 1NSTITUtIONS to €ngage 1n a as obstacles to children realiz-

process of self-reflection, con- ing their full developmental

fronting their own biases, and the

potentials. We need to prepare

effect these biases have on their teachers 1o be initiators of the

A iR L EE I institutional change process.

place in the teacher education Carol Brunson Day, Council for

curriculum where preservice Professional Recognition

teachers have the opportunity to
go through a similar process. If this can occur in institutions of
higher education that send teachers of young children into the

field, 4/l children will have equal educational opportunity.

Looking to the global future of the world of 2020, it is impera-
tive that we educate teachers for the rich diversity of children
they will teach. As a result, they will be prepared to educate
children who know how to think, who are adept at recognizing
and solving problems, and who can interact with ease with

diverse people in the workforce.

.32
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Involvement of

Parents and Family

amily involvement is of critical importance to chil-
dren’s educational competence and success, and the
early childhood years are when home-school connec-
tions are the strongest. Through connections with families,
educators learn what children already know when they enter
school and acknowledge the importance of children’s culture in

terms of their knowledge base.

Parents as Partners

To begin, schools should view parents as partners. For example,
parents play an important role in the social and emotional
development of children, and current research has pointed to
the importance of such development for early school success.
Socially competent children thrive despite risk factors, such as-
poverty.? Also, a teacher’s evaluation of a child’s academic per-

formance is often closely tied to how that child handles social

99
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and emotional situations. Parents may not realize that what
they are teaching their children about social skills can be key to

their academic success once they reach school.

Parent involvement programs need to be proactive and positive.

Often parents are contacted only

when there is a problem, and as a What parents are teaching
result, many families feel disenfran- children about social skills
chised rather than welcomed by their BRI Y RURUCIELEL Ul
children’s schools. Frequently these success—including math
are the very families whose children and science—once they
are the least likely to receive a good reach school.
science education—children who are Cybele Raver,

poor, children of color, and children Cornell University

with disabilities.

Parents and Science

It is paradoxical that science, math, and technology—areas in
which parents may feel particularly disenfranchised—provide a
unique vehicle to empower parents. Parent involvement pro-
grams around science, math, and technology provide a meaning-
ful way for families to be involved in their children’s education.
Such programs can affirm that parents know a lot more science
than they think, that in fact they do science everyday, bur they
do not call it science. (It should be noted that the same can be
said for children’s science learning). Once parents realize their
own science potential, they also realize that they can help their

children’s science learning.
g
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Involvement in a curriculum area
Research has shown that

such as science is empowering for . i
p & parent involvement is a key

parents when they understand they indicator of children’s learn-

have a real role to play in the learn- ) .
care play € ing and success in school.

1ng process. Science prov1des an This is a disconnect to the

opportunity to let parents “play” and real world, where often

helps them to develop insights into parental involvement is

the complex social and cognitive R, .
given just lip service.

learning that goes on during chil- Merle Froschl,

dren’s play. Science can also illus-

Educational Equity Concepts

trate the importance of child-cen-

tered and inquiry-based activities.

In the long run, not only will science be good for family
involvement, but family involvement will be good for science.
Informed and involved parents will become advocates for more
and better science, thus helping their own children and improv-
ing science education for all children in that school environ-

ment.

To more accurately immerse parents in science, we need to ask
not only what parents need to know, but what parents want to
know. Parents may feel disconnected from resources such as sci-
ence centers and museums, not necessarily because of the cost
(although that is certainly a factor) but because they do not
know what is inside. Parents want to be the “experts” when

they bring their children to science centers.

Parents both need and want to know about diverse role models,
about specific math and science courses needed for pursuing

careers, about the specific curriculum of their child’s school, and

-

r
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about national educational goals

Parents must have more input

and standards. Many strategies into the form and content of

have proven effective: . ,
science materials and pro-

+ involve parents and children
in activities together

+ engage parents in science - efforts are to be successful.
inquiry that is fun Judy Kass, American

+ use inexpensive, culturally
familiar materials

+ highlight relevant television Advancement of Science
shows or museum/communi-
ty activities

+ provide activities to do at home

+ offer family science events

« conduct outreach in the family’s dominant language.

grams targeted to them if these

Association for the

Ongoing and effective communication between teachers and
families overcomes institutional barriers and makes parents and
other family members an integral part of their children’s educa-
tion. This will not happen without a concerted effort—bur it
will pay off in terms of competence in science, math, and tech-

nology for today’s kindergartners and for the workforce of 2020.

36
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Today’s
Kindergarten,

Tomorrow's

Workplace

4 he kindergarten class of 2000 will become the work-
force of 2020 and beyond. What kind of workplace
will these children find and what skills will they need?

And what is the role of elementary education in preparing these

children for their future roles in the labor force?

A Portrait of the Workplace in the Year 2020

Since the middle of the 20th century, the US economy has shown
a steady shift away from its traditional manufacturing base
towards a growing dependence on service-based industries.

Services is now the leader in both production and employment.
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In 1955, manufacturing accounted for nearly 30% of the nation's
gross domestic product (GDP), and services for just more than
8%. By 1997, the roles had reversed, with services accounting for
20% of GDP as opposed to manufacturing's 17%. This trend is

expected to continue through the first half of the new century.

The shift is even more pronounced from the point of view of
employment. Manufacturing and services each employed about
25 million workers in 1988. Ten years later, service-sector
employment had grown to nearly 37 million while manufacturing
jobs remained almost stagnant. By 2008, there are expected to be
nearly 50 million service workers, but still only about 26 million

manufacturing workers.10

Another rapidly growing subset of the economy is high-technolo-
gy industries, which include both manufacturing- and service-
based industries. High technology industries directly employed
10 million workers in 1998. By 2008, a growth of 30% (3 mil-
lion jobs) is projected-nearly twice the projected national average
job growth rate. About 2 million of those new jobs will be in the

computer and data processing services industry.10 11

Workers involved directly in these high-tech industries represent
only the tip of the iceberg. As businesses move towards greater
globalization and Internet presence, high-tech workers are in
demand in every industry. Including technology-oriented work-
ers and workers in non high-tech industries dependent on pur-
chases from high-tech industries adds another 6 million to the

1998 high-tech workforce.

38
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A Portrait of the Workforce in the Year 2020

The overall aging of the baby-boom generation (persons born
between 1946 and 1964) combined with increasing participation
rates of older workers will push the median age of the workforce
to record levels in the coming decade. By 2008, the median age
of the nation’s workforce is expected to be 40.7 years, up from
35.9 in 1988 and 38.7 in 1998. Burt while the workforce will
grow older in terms of median age, it will grow younger based on
proportion: for the first time in a quarter century, the youth labor
force (aged 16 to 24 years) is expected to grow faster than the

labor force as a whole.19

Women and minority populations will also grow as a fraction of
the workforce. Non-Hispanic whites will continue to be the
largest sub-group of the labor force, albeit with a slowly shrinking
share projected to remain above 70% through 2008.
Additionally, the Hispanic labor force is expected to grow larger
than the African-American labor force for the first time ever in

the coming decade.

The true hallmarks of the future workplace may well prove to be
increasingly frequent job changes and shorter job tenures. Job
tenure (the length of time an employee has been working for his
or her current employer) for men in all age categories fell between
1983 and 1998. Service occupations (where job growth is occur-
ring) have the lowest job tenure among the major occupational
groups.!2 And a recent popular article claims that the average 32-
year-old in America has already worked for 9 different firms.
Indeed, proponents of the “new economy” endorse job- and busi-

ness-"churning” as a requisite for a healthy, competitive economy.

o : 39

E MC 33 Early Childhood Science Education and the Workforce of Tomorrow




Being Prepared for 2020
Adaptability and flexibility will be

There will be a premium on the

social ability to get along with
key characteristics of successful

members of the workforce of 2020.

Increasingly diverse coworkers, a

different groups and an older
workforce. You need flexibility,

you need social skills, and you

churning job market, and increas- need a supportive state and

ingly rapid technical advances will

local community that's going to

reward workers who can learn keep putting money into educa-

quickly and train others quickly. tion to keep competitive with

There is growing consensus that other parts of the country,

adaptability and flexibility will be because change will come

more important indicators of future rapidly and people will need to

success in the workplace than tech-

nical skills.

continually retrain.
Rae D. Rosen, Federal Reserve
Bank of New York

Projections from the Bureau of
Labor Statistics show that even with the high growth rate of jobs
in high-tech industries, the overall educational profile of the
workforce is not expected to change greatly over the next decade.
About 63% of total job openings between 1998 and 2008 will be
in jobs requiring only on-the-job training. Another 14% will

require some vocational training, related work experience, or an

 associate degree, and another 14% in jobs requiring bachelor's

degrees.10

According to the National Science Foundation, employers are
already looking for workers who can think critically, reason quan-
titatively, communicate effectively, find needed information, and
interact productively with coworkers.!3 The National Academy of
Sciences explains that there is an overarching need for employees

who can continuously "adapt, adjust, and re-educate themselves
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to remain productive in a changing environment.” The projected
changes in the workforce and workplace will only make these

skills more important.14

Starting on the Right Track...

What core skills will help a child become proficient in the art of
workplace adaptability? Literacy across genres and scientific rea-
soning lay a good foundation on which the art can be developed.

These are subjects that already exist .
are subj 2 yex Conjectures about the future are

in current curricula, but which
’ hazardous. It would not be a

may benefit from greater attention. . .
good idea to change curricula

Kind ten is indeed not t©
netgarten 15 indecc not too based on the details of work-

early to start laying a solid founda- force and demographic predic-

tion for a child's future success in . . ,
tions. Things are likely to

the workforce. In particular, focus-

change in unpredictable ways.

1an c;ln lhter_z and qulunry skills Let us focus on fundamentals.
Wi e e _l r;:n e‘\;;: °p Ic;;)reh Rodney Nichols,
competenc1cs that will €énable them New York Academy of Sciences

to be productive, adaptable work-
ers. Pedagogical approaches such as developmentally appropriate

practices and inquiry-based learning offer frameworks for teach-

ing these skills.

...Builds a Foundation for Future Success

Literacy standards in the early grades do focus on students’ read-
ing and writing across genres, but teachers need to spend addi-
tional time helping students with the skills of talking and negoti-
ating. In most elementary classrooms, students speak only in

response to specific questions—rarely are children given an oppor-

1
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tunity to talk for extended periods of time, for example, by giving

brief presentations to their classmates.

Science, when taught as a system of inquiry and problem solving,
encourages critical thinking and teamwork. This gives students a
chance to develop both “hard” technical skills and “soft” social
skills. Just as giving brief presentations allows a child to gain first
hand experience in educating or “training” their peers, approach-
ing science in the context of inquiry allows a child to make first
hand decisions about how to adapt and hone her approach to

solving a problem.

The workplace of 2020 will include an increasingly representative
cross-section of the American population, in terms of age, ethnic-
ity, and gender. This, along with more frequent job changes and
advancing technology, will make adaptability and communication
the currencies of a successful workforce. Teaching today's kinder-
gartners cross-cutting literacy and scientific inquiry skills can help
us encourage lifelong learners with inquisitive minds eager to

meet the challenges of the economy of 2020.
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Issues for

Further Exploration

t the conference a number of key issues arose and res-
onated throughout several of the sessions. These
issues need additional analysis, discussion, and review.

Each could be the topic of a future seminar or study.

1. Educating Pre-Service Teachers - Teachers need to be
experts in a wide variety of areas, including child development,
specific subjects, and pedagogy. In addition, teachers clearly
need practice-teaching experience under the guidance of model

teachers.

How is it possible to fit all of these needs into the teacher certi-
fication program? What are the highest priorities? How do we
provide professional development for teachers that takes into
account their need for interaction with colleagues, time for self-
reflection, engagement in child study, and ongoing skill devel-

opment? What needs to be done to improve teacher grasp of

- &
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science, math, and technology content? How do we engage
teacher education institutions in the process of educational

reform?

2. Integrating Science, Math, and Technology into Early
Education - What are the developmentally-appropriate ways to
bring science, math, and technology into the early childhood
classroom? What are the connections between children’s play
and science, math, and technology learning? What is the appro-
priate amount of teacher involvement in meaningful play and
curriculum planning? How does the cognitive stage of a young
child relate to his or her ability to understand math and science
concepts? How can blocks, manipulatives, outdoor time, and
other early childhood activities be used for effective SMT

instruction?

How do we articulate the importance of constructivist learning
for young students to policy/decision-makers and parents? How
do we reconcile the divide between proponents of authentic
assessment and standards-based testing, which is particularly
inappropriate at the early childhood level? What needs to be
done to make parent involvement an integral part of SMT edu-

cation reform, beginning in early childhood?

3. Literacy through SMT - We know from case studies that
science inquiry is an effective literacy tool. How can educators
be made aware of how science supports many of the social com-

petencies that are seen as important for workforce success?

44
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4. Technology - Given that technology is an ever-important
part of the workforce and the economy, what is the role of tech-
nology and computers in the early childhood classroom? When
is it developmentally-appropriate for children to be using com-
puters and what is the best way for young students and comput-
ers to interact? How does this relate to the cognitive stages of

young children?

5. Equity and Access - How do we bridge the gap between
what we know about high quality, effective early childhood edu-
cation and how few programs children are attending meet that
standard? How can the entrenched and institutionalized gender,

racial/ethnic, disability, and class biases of the university be

addressed?
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June 15-16, 1999

New York, New York

June 15, 1999
11:30AM Convene

12:00 - 1:00PM  Lunch
Welcome:  Rodney W. Nichols
President and CEO
New York Academy of Sciences

1:00 - 2:30PM  Panel One - What are developmentally-appro-
priate ways to expand young children’s understanding of the world?
Moderator:  Barbara Sprung, Co-Director
Educational Equity Concepts, Inc.
Presenters:  Barbara T. Bowman, Co-Founder and
President, Erikson Institute for the
Advanced Study in Child

Development
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Jerlean E. Daniel, Associate Professor,
Program in Child Development and
Child Care, University of Pittsburgh,
School of Social Work
Valerie Lava, Assistant Professor of
Special Education, Long Island
University

Respondent: Barbara D. Finberg, Vice President,
MEM Associates

The panelists set the early childhood context in which issues of
Transition from Childhood to the Workforce (TCW) should be
framed—developmentally appropriate practice, connectedness
between family/child/teacher, constructivist curriculum, profes-
sional development for teachers of young children, and het-
erogenous grouping in which children with and without disabil-

ities learn together in an inclusionary environment.

2:30 - 4:15PM  Panel Two - How can we help all children
develop a broad range of skills that will prepare them for later com-
petency and success in SIM/T?
Moderator: Ellen Wahl, Senior Scientist,
Education Development Center
Presenters:  Douglas H. Clements, Professor of
Mathemartics and Computer

Education, State University of New
York at Buffalo

Herbert P Ginsburg, Jacob H. Schiff
Professor of Psychology and
Education, Teachers College,
Columbia University
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Karen Hewitt, President and Designer,
Learning Materials Workshop

Respondent: Mark Miksic, Associate Professor of
Physics and Astronomy and Director
of the Science Teachers Careers
Program, Queens College of the City
University of New York

The panel considered ways in which to adapt developmentally
appropriate practice to the teaching of science, math, and tech-
nology for young children. Panelists presented information on
recent research focussing on the math and science learning that
occurs in children’s play, and discussed the kinds of manipula-
tives (blocks in particular) that stimulate childrens’ math and

science learning, curiosity, and experimentation..

4:30 - 6:00PM Panel Three - How do we assess the learning
that is taking place?
Moderator:  Linda Colén, Coordinator, Science
Programs, Educational Equity
Concepts, Inc.
Presenters:  Lynn D. Dierking, Associate Director,
Institute for Learning Innovation
Jacqueline Jones, Senior Research
Scientist, Educational Testing Service
Respondent: Edward Chittenden, Principal Research
Psychologist, Educational Testing

Service

The definition of assessment ascribed to by the panel was a

broad one that was in keeping with the “whole child” approach
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of early childhood education. Assessment was defined as the
process of analyzing pieces of evidence gathered in a variety of
places—the classtoom, home, afterschool programs, camps,
museums, etc. Methods of assessment for young children
include teacher observations, talking with children, analyzing
children’s drawings, and videotaping children in action. The
real materials for assessment are those found in classroom and
homes, the objects children use in their daily lives. Panelists
discussed the need for parents to be an integral part of the
assessment process, since so much learning takes place within

the home.

6:00 - 8:00PM Reception/Dinner

June 16, 1999
8:30AM Convene/Breakfast

9:00 - 10:30AM  Panel Four - What are the implications for
teacher education? .
Moderator:  Ellen Rubin, Coordinator, Disability
Programs, Educational Equity
Concepts
Presenters:  Nancy Gropper, Faculty Member and
Advisor, Bank Street College,
Graduate School of Education
Karen K. Lind, Professor of Science
Education, School of Education,
University of Louisville

Carol Brunson Day, President and
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CEO, Council for Early Childhood
Professional Recognition
Respondent: Edward Greene, Assistant Professor,
' Graduate Program, Department of
Early Childhood and Elementary
Education, Lehman College, City
University of New York

The panel addressed teacher education from the perspective of
practice, content, and equity. A central theme was how to bet-
ter educate teachers to understand the process of learning,
improve teachers grasp of content, particularly in the areas of
science and math, and how to create institutional change
around issues of diversity—a necessity if teachers are going to be
able to educate today’s young children for life and work in the
global economy of 2020 and beyond.

10:30 - 12:00PM  Panel Five - What do parents and other family
members need to know to help their children gain competence in
SIMIT?
Moderator:  Maryann Stimmer, Science Associate,
Educational Equity Concepts, Inc.
Presenters:  Cybele Raver, Assistant Professor of
Human Development and Family
Studies, Cornell University
Judy Kass, Project Director,
Directorate for Education and Human
Resources, American Association for
the Advancement of Science
Respondent: Merle Froschl, Co-Director,
Educational Equity Concepts, Inc.
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The panel addressed how to maximize home/school connections
to help children gain competence in science/math/technology,
with an empbhasis on strategies for fostering parent involvement
in their children’s science education. Recent research that
points out the importance of social and emotional development
of children in terms of school success was discussed in terms of
the need for schools to reinforce and acknowledge what families
do well in terms of raising their children, particularly families of

children at risk.
12:00 - 1:00PM  Lunch

1:00 - 3:00PM  Panel Six - What are the implications of future
economic and demagraphic trends for early childhood education?
Moderator:  Rodney W, Nichols, President and
CEO, New York Academy of Sciences
Presenters: Raze D. Rosen, Senior Economist, The
Federal Reserve Bank of New York
Brian Min, Research Associate,
Department of Policy Programs, New
York Academy of Sciences
Respondent: Rodney W. Nichols, President and
CEO, New York Academy of Sciences

The panelists presented a portrait of the workplace and the
workforce in the year 2020. They emphasized the shift from a
manufacturing base toward a service economy pointing out that
information technology is currently the most important growth
sector, and noted that while there are no major demographic
shifts anticipated, new entrants to the labor force are more likely

to be minority and female. The panel indicated that good sci-
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ence education would prepare children for the skills identified as
key for the future workforce: critical thinking, quantitative rea-
soning, effective communication, and the ability to interact with

others.

3:15 - 4:00PM  Meeting Summary/Closure
Lori Skopp, Director of Education,
New York Academy of Sciences
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About Educational
Equity Concepts, Inc.
and the

New York Academy

of Sciences

58 ducational Equity Concepts, Inc. (EEC) is a national

not-for-profit organization founded in 1982 to pro-

%1 mote equal educational opportunity through pro-
grams and materials that counteract bias due to gender,
race/ethnicity, disability and socioeconomic status. From its
inception, EEC has addressed the under-representation in sci-
ence of girls, children of color, children from low-income fami-

lies, and children with disabilities.

EEC recognizes thar science study is an arena where inequities
based on gender, race/ethnicity, disability, and socioeconomic

status converge to limit opportunities for individual students
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and shrink the pool of future scientific talent for our country.
The organization’s work in science equity began in 1984 with
What Will Happen If...young Children and the Scientific Method,
an early elementary curriculum with a strong focus on inquiry-
based physical science activities and gender equity. In 1986,
Playtime is Science (PS), a parent/child activity program, was
developed locally in New York City schools. In 1992, based on
its success in New York City, EEC received a three-year grant
from the National Science Foundation (NSF), for three PS
national pilot sites, and funds from the Toyota USA Foundation
for a fourth pilot site. The NSF funding resulted in a PS mate-
rials package which is now being disseminated nationally. A
three-year grant from the DeWitt Wallace-Reader’s Digest Fund
provided support for the development of an implementation
and dissemination network for the program through the
Desegregation Assistance Centers (DACs) in the ten Federal

Regions.

With funding from the NSF Program for Women and Gitls and
from New York City private foundations, EEC developed Affer-
school Science PLUS to extend its science work from school-
based settings into the informal sector of afterschool agencies.
Currently, with two-year support from the NSF Program for
Persons with Disabilities, EEC is developing Playtime is Science
for Children with Disabilities, to ensure the full inclusion of chil-

dren with disabilities.

The New York Academy of Sciences, founded in 1817, is an inde-
pendent not-for-profit institution. The Academy’s mission is to

advance understanding of science and technology and to lead in
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using that knowledge to help solve societal problems—within
the New York region and around the world. A leader in the
field of science policy, the Academy sponsors frequent confer-
ences, roundtables, and seminars to synthesize varying perspec-

tives on complex issues.

The Academy has played a major role in science education since
the mid-1960’s through a variety of programs for teachers, stu-
dents and schools. In 1997, the New York Academy of Sciences
launched Scientific Process, Practice, and Presentation: Applying
Resources and Knowledge (SP3ARK). SP3ARK is a three-year
NSF-funded program that is being piloted in four New York
City middle schools. SP3ARK focuses on improving middle
school science by helping teachers to integrate scientific inquiry

into the curriculum.

As part of a broad initiative sponsored by The Starr Foundation,
“Technology in Economic Development Across the Tri-State
Region: Improving Analysis and Taking Action,” the Academy is
increasingly focusing attention on issues of workforce develop-
ment, particularly in the New York/New Jersey/Connecticut
region. Throughout the new five years, the Academy will work
closely with institutions already active in pursuing the region’s

economic goals.
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