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Tomorrow’s Science, Technology, Engineering

and Math Workforce Starts with Early Education

“We need to start

early —even before
kindergarten—to
nurture children’s natural
curiosity. Its a first step
in creating the skilled
workforce that allows the
U.S. to compete globally.”
— Rick Stephens, Senior Vice

President of Human Resources
and Administration, Boeing

Astronaut Dr. Mae Jemison, the first
African-American woman to orbit
the earth, knew she wanted to be
a scientist when she was five years
old.! Fortunately, her teachers nur-
tured this interest. How many more
five-year-olds can we encourage to
become tomorrow’s scientific lead-
erse

While it's true that the U.S. needs
more scienfists now, we also must
build the pipeline for the future.
And a growing body of research
suggests that developing science,
technology, engineering and math
(STEM) proficiency starts much ear-
lier than high school, middle school
or even elementary school.

According to the Wall Street Journal,
“Evidence is mounting about the
importance of teaching math in pre-
school and kindergarten...if children
don't have good instruction and
effective teachers in early grades,
they are more likely fo struggle later
when they face more complicated
concepts.”? The CEO of DuPont, Ellen
Kullman, agrees: “The path to STEM
education starts early, before kin-
dergarten, and we need to engage
throughout the education process,
not just at the college level.”

To meet this challenge, businesses
should support efforts that build
interest in STEM through play-based
activities appropriate for young
children.

This brief outlines four facts about
the importance of early learning fo
future STEM success:

1. The math achievement gap
starts early, even before kinder-
garten

2. High-quality early education

includes real math and science
confent

3. Early math instruction improves
later abilities

4. Early learning also helps build the
behavior traits—perseverance,
problem-solving, patience—that
STEM employees need

To enhance the success of Ameri-
ca’s youngest citizens and build the
STEM workforce of the future, busi-
nesses should support quality early
childhood education that includes
math and science.

IBM's KidSmart Early
Learning Program has
donated thousands of
kid-sized computer stations
to early learning centers
around the country.
According to IBM’s

Cathleen Finn, “The focus
on STEM in early education
is new, but it's part of an
effort to keep the focus

on engineering so that we
graduate more people in
engineering.’'4



Figure 1: Mathematics scores for children entering
kindergarten for the first time in 2010'2

1. The math achievement gap starts early, even
before kindergarten
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The first three to five years of life are a unique period
of growth for a child’s brain. Every second, young 35
children’s brains develop 700 synapses, the neural
connections that support learning and skills.> Disad-
vantaged children can be 18 months behind their
peers when they start kindergarten.¢ This gap is as
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2. High-quality early education teaches real
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math and science
* Patterns Young children can learn more math and science
than we may realize. Good early learning curricula
includes a wide range of math and science topics
(see box) that are both instructive and fun. Children
should experience this content through enjoyable,
play-based activities appropriate for their age. The
National Association for the Education of Young Chil-
dren has extensive math and science standards for
early learning programs starting in infancy, with topics

Boeing is a founding supporter of Thrive
by Five Washington, a public-private
partnership that is helping build a
comprehensive early learning system
in the state. Boeing’s funds helped the
partnership create and implement

an early learning plan that includes
numeracy skills for preschoolers, so that
“all children enter kindergarten with
the mathematics and numeracy skills
that will support continuous grade-level
mathematical development.”!

such as “basic concepts of geometry,” and using “the
five senses to observe, explore and experiment with
scientific phenomena.”'®

JD Chesloff, executive director of the Massachusetts
Business Roundtable, points out: “Young children
are natfural-born scientists and engineers. Like

STEM, investment in early childhood educationis a
workforce-pipeline issue...And the best way to shore
up that pipeline is to start investing in it early.”'* The
Massachusetts Governor's STEM Advisory Council’s
plan has a component focused on pre-k, which is
now a national model.
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3. Early math affects later abilities

While it is a long road from pre-k to Ph.D., a growing “One oﬁen overlooked beneﬁt Ofm;»[}, childhood
body of research shows that early exposure to math is STEM broerams is that they can counteract the
linked to later abilities in that and other subjects: P & . y ) .
destructive and persistent belief that math is for
A 2010 Canadian study found that “[Klindergarten  boys. Boys and girls alike internalize this belief
skills in math significantly predicted second grade as eﬂr[y as secondgmde, long before any actual
th, ding, and | achi .75 . .
maii, reading. and general achievemen gender differences in performance. We need to

cINg 1o M nip those attitudes in the bud, especially since
of California, Irvine, “Early math concepts, such as

knowledge of numbers and ordinality [sequences math is the lcmgudge ofSTEM

like 1, 2, 3], were the most powerful predictors of —Linda Rosen, CEO of Change the Equation
later learning,”'¢ and “school-entry reading and

math skills are almost always statistically significant
predictors of later reading and math achieve-
ment...[and] rudimentary math skills appear to
matter the most.”? These effects are apparent to people on the front
lines —according to the 2004 Fight Crime Invest in
Kids National Kindergarten Teacher Survey, 88 per-
cent of kindergarten teachers said that children who
aftended a high-quality pre-kindergarten program
were more or much more likely to get along with

* According to Prof. Greg Duncan of the University

e Children with “persistent” problems in math at
ages 6, 8 and 10 were 13 percent less likely to
graduate high school and 29 percent less likely to
attend college.’™

* An article in Science concludes, “Preschool other children and pay attention, and 86 percent
children’s knowledge of mathematics predicts of teachers said these children were more or much
their later school success into elementary and more likely to have problem solving skills.2' These
even high school. Further, it predicts later read- behavioral qualities are critical early foundations for
ing achievement even better than early reading  success both in school and the workplace.
skills."™?

International energy giant National Grid
has partnered with the Boston Children’s

4. Early learning builds the behavioral traits

that STEM employees need Museum to create and distribute STEM
teaching kits for child care facilities,
pre-schools, Head Start centers, and
public school kindergartens. The kits will
include lessons and activities that focus

The development of children’s brain synapses not only
supports cognitive abilities but also social and emo-
fional skills such as focusing, persevering and working
well with others. These are important for all employees,

including those in the STEM field. on building science, technology, and

engineering skills both for the children and
According to Prof. James Heckman, the 2000 Nobel their teachers. According to Marcy Reed,
Laureate in economics, “more than smarts is required president of National Grid Massachusetts,
for success in life...the empirical literature shows high “There is a projected shortfall of

economic returns for remedial investments in young engineers, and working with programs
dis-advantaged children...[that affect] a range of that reinforce those basic skills ties in so
cognitive and non-cognitive skills, schooling achieve- well with our ‘Engineering Our Future’
ment, job performance, and social behaviors, long inifiative, which is designed o inspire

after the intferventions ended.”® .
youth to pursue science, technology,
engineering and math skills.”2?
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In support of PNC Grow Up Great, the PNC
Foundation has partnered with Sesame
Street™ to tour “*One World, One Sky: Big

Bird’'s Adventure,” a planetarium show that
fravels via a mobile dome to early learning
centers to provide preschoolers with les-
sons on math, astronomy, and science.?

What can the business community do?

Business leaders can take a variety of steps fo help
children access quality early education that includes
science and math. Visit www.ReadyNation.org or con-
tact us to learn more.

1. Support access to quality early education in your
community and state

2. Use "P-12" instead of “K-12" to emphasize that
education starts earlier than kindergarten, and
include pre-kindergarten in any STEM initiatives?*

3. Support programs to frain pre-k and early elemen-

How can we help you?

tary grade teachers in math and science? 262 ReadyNation members can receive a variety of sup-

4. Offer employees information on engaging their ports o speak out. They can:

young children in fun math and science activities

5. Provide expertise, volunteers and resources to lo-
cal preschools to help develop play-based, hands-
on science and math programs® .

Conclusion

Finding skilled workers will be a constant challenge for
American businesses as they compete in the global
marketplace. To keep our STEM workforce competi-
five, we need to develop the young learners who will
start the innovative companies and make the scientific
breakthroughs that our country needs.

WHO WE ARE

Use our free materials to engage business leaders
as champions for early learning

Receive our monthly e-newsletter to learn about
research, business networking events and new
champions

Get help in spreading this crucial message —
sample speeches, op-eds and other communi-
cations materials

ReadyNation is the nation’s premier business leader organization working to strengthen business through better policies for children
and youth. It operates under the umbrella of the non-profit Council for A Strong America. Our more than 1,000 members educate
policymakers and the public about effective investments that will help business compete in foday’s global marketplace, build a
foundation for lasting economic security, and help children get on the right track to succeed in school and in life. Our members have

contributed to victories for children in dozens of states.

We invite anyone from a business or business organization fo join. There are no membership fees, financial obligations, or formal
meetings. Our staff support our members to take action, making the best use of their ime. Go to www.readynation.org/join-us

Add your voice.

Contact us at: ReadyNation

(202) 408-9282 ReadyNa‘tiOho

info@readynation.org
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1 "Meet a Super Scientist.” NASA Challenging the Space Frontier.
2011.Refrieved February 11, 2013 from http://teacher.scholastic.
com space/mae_jemison/index.ntm

2 Banchero, Stephanie. “New Calculation: Math in Preschool.”
The Walll Street Journal. November 29, 2011. Retrieved February
12, 2013 from http://online.wsj.com/article/SB1000142405297020
3764804577056551856059254.html

3 Cornelis, Tommy. “STEM Woman Leader of the Day - Ellen
Kullman (DuPont).” STEMblog™. December 5, 2012. Retrieved
February 12, 2013 from http://blog.stemconnector.org/stem-
womanleader-day-ellen-kullman-dupont

4 Farrell, Michael B. *Looking Ahead Preschools Add Tech to
the Curriculum.” Boston Globe. February 21, 2012. Retrieved
February 12, 2013 from http://www.boston.com/news/
education/k_12/articles/2012/02/21/looking_for_budding_
engineers_in_preschool/

5 “InBrief: The Science of Early Childhood Development.” Center
on the Developing Child at Harvard University. 2009. Retrieved
February 12, 2013 from http://developingchild.harvard.edu/
index.php/ download_file/-/view/64/

6 Barnett, W. Steven et al. “Fragile Lives, Shattered Dreams:

A Report on Implementation of Preschool Education in New
Jersey's Abbott Districts.” National Institute for Early Education
Research, Rutgers, The State University of New Jersey. 2001.
Retrieved February 12, 2013 from http://nieer.org/resources/
research/FragileLives.pdf

7 Barnett, W. Steven, Kirsty Brown and Rima Shore. “The Universal
vs. Targeted Debate: Should the United States Have Preschool
for All2"” Preschool Policy Matters. National Institute for Early
Education Research. Issue 6, April 2004. Retrieved February 12,
2013 from http://nieer.org/resources/policybriefs/6.pdf. NIEER
calculations by M. Nores.

8 "First-Time Kindergartners in 2010-11: First Findings From the
Kindergarten Rounds of the Early Childhood Longitudinal Study,
Kindergarten Class of 2010-11 (ECLS-K:2011).” U.S. Department of
Education. 2012. Retfrieved February 12, 2013 from http://nces.
ed.gov/pubs2012/2012049.pdf

9 “Pre-K Math Curriculum.” Family and Classroom Educational
Support. Retrieved January 25, 2013 from http://www.ecusd?.
org/faces/3_5_math.asp.

10 “Pre-K Science Curriculum.” Family and Classroom
Educational Support. Retrieved January 25, 2013 from http://
www.ecusd?.org/faces/3_5_science.asp.

11 “Early birds.” Corporate Citizen Report 2010. Retrieved
February 12, 2013 from http://www.boeing.com/
companyoffices/aboutus/community/2010_report/early_start.
html

12 “First-Time Kindergartners in 2010-11: First Findings From the
Kindergarten Rounds of the Early Childhood Longitudinal Study,
Kindergarten Class of 2010-11 (ECLS-K:2011).” U.S. Department of
Education. 2012. Retfrieved February 12, 2013 from http://nces.
ed.gov/pubs2012/2012049.pdf

13 NAEYC. 2009. NAEYC Early Childhood Program Standards
and Criteria. Washington, DC: Author. http://www.naeyc.org/
files/academy/file/AllCriteriaDocument.pdf

14 Chesloff, JD. “STEM Education Must Start in Early Childhood.”
Education Week. Vol. 32 No. 23. March 6, 2013.

15 Pagani, Linda S. et al. “School Readiness and Later

Achievement: A French Canadian Replication and Extension.”
Developmental Psychology. Vol. 46(5): 984-994. September 2010.

16 Stipek, Deborah, Alan Schoenfeld and Deanna Gomby.
“Math Matters Even for Litfle Kids.” Education Week. March 28,
2012. Retrieved February 12, 2013 from http://www.edweek.org/
ew/articles/2012/03/28/26stipek.h31.html

17 Duncan, Greg et al. "School Readiness and Later
Achievement.” Developmental Psychology. Vol. 43(6): 1428-
1446. November 2007.

18 Zigler, Edward et al. “The Pre-K Debates: Current Controversies
and Issues.” Paul H. Brookes Publishing Company. 2011. Page 92.

19 Clements, Douglas H. and Julie Sarama. “Early Childhood
Mathematics Intervention” Science. Vol. 333, Issue 6045. August
19,2011.

20 Heckman, James. “Schools, Skills and Synapses” National
Bureau of Economic Research. 2008. Retfrieved February 12,
2013 from http://www.nber.org/papers/w14064.pdfenew_
window=1

21 “National Kindergarten Teacher Survey” Mason-Dixon Polling
& Research for Fight Crime: Invest in Kids. 2004. Refrieved
February 12, 2013 from http://www.usavalues-character.com/
References/btsO4poll.pdf

22 "Boston Children’s Museum Receives Grant from National
Grid.” Yahoo! News. May 23, 2011. Retrived February 12, 2013
from http://news.yahoo.com/boston-childrens-museum-
receives-grant-nationalgrid-140116134.html

23 "One World, One Sky: Big Bird’'s Adventure.” PNC Grow
Up Great. Retrieved February 12, 2013 from http://www.
pncgrowupgreat.com/educators/one_world_one_sky.hfml

24 Brenneman, Kimberly et al. “Math and Science in Preschool:
Policies and Practice.” National Institute for Early Education
Research. Preschool Policy Brief Issue 19, March 2009. Retrieved
February 12, 2013 from http://nieer.org/resources/policybriefs/20.
pdf.

25 “STEM Summit 2010: Early Childhood Through Higher
Education” February 2010. Retrieved February 12, 2013 from
http://www.stemlabreport.org/wp-content/uploads/2010/10/
STEM-summit-2010.pdf

26 Cross, Christopher T. et al. *“Mathematics Learning in Early
Childhood: Paths Toward Excellence and Equity.” Committee
on Early Childhood Mathematics; National Research Council.
2009. Bell, Philip et al. “Learning Science in Informal Learning
Environments: People, Places and Pursuits.” Committee

on Learning Science in Informal Environments; National
Research Council. 2009. Katehi, Linda et al. “Engineering in

K-12 Education: Understanding the Status and Improving the
Prospects.” Committee on K-12 Engineering Education; National
Academy of Engineering and National Research Council. 2009.

27 “The Opportunity Equation: Transforming Mathematics and
Science Education for Citizenship and the Global Economy.”
The Carnegie Corporation of New York and the Institute for
Advanced Study. 2011. Retrieved February 12, 2013 from http://
opportunityequation.org/uploads/files/oe_report.pdf

28 See for example http://getreadytoread.org/early-learning-
childhood-basics/early-math/early-math-matters-a-guide-
for-parents-of-preschoolers and http://www.pbs.org/parents/
education/math/



