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AMERICA'S CHILDREN: PROVIDING EARLY
EXPOSURE TO STEM (SCIENCE, TECHNOLOGY,

ENGINEERING AND MATH) INITIATIVES
NANCY K . DEJARNETTE, E D . D .

Teacher Education
Rowan University

Recent attention has been brought to light in the United States
regarding low numbers of students pursing STEM (Science,
Technology, Engineering and Math) disciplines and degree pro-
grams (National Science Board, 2010). There is a great need in
America for talented scientists and engineers. Numerous pro-
grams abound for high school and middle school students in
regard to STEM initiatives; however, fewer opportunities exist
for elementary students and their teachers. Research has shown
that early exposure to STEM initiatives and activities positively
impacts elementary students' perceptions and dispositions
(Bagiati, Yoon, Evangelou, & Ngambeki, 2010; Bybee, & Fuchs,
2006). By capturing students' interest in STEM content at an
earlier age, a proactive approach can ensure that students are on
track through middle and high school to complete the needed
coursework for adequate preparation to enter STEM degree pro-
grams at institutions of higher learning. As a result, programs
focusing on STEM initiatives and content are a growing priori-
ty in American schools with aims to provide early exposure for
elementary students.

Introduction
The face of the American economy and

that of the global economy has seen
increasing change over the past decade
(Nadonal Science Board, 2010). The d-end
of these economies has increased in sci-
ence, technology, and innovation, as well
as become more knowledge intensive. The
need for professionals in the fields of Sci-
ence, Technology, Engineering, and
Mathematics (STEM) condnues to grow at
a comparable rate as well to meet the
demands of this high-tech global economy.
The increase in professional workers in
Science and Technology fields in the Unit-
ed States has seen steady growth over the
past decade, but lags behind the dramadc
growth of our European and Asian global
competitors in developed countries
(National Science Board, 2010). As a

result, more focus has been placed on
STEM initiatives in American schools.
These initiatives have been largely seen in
the middle and high school curricula, but
there has been little change in the ele-
mentary curricula to support these growing
trends. Bencze (2010) writes, ".. .although
there is considerable academic and offi-
cial curricular support for promoting
student-directed, open-ended science
inquiry and technological design projects
in schools, the reality is that they rarely
occur." (p. 58)

Review of the Literature

History
Current reform in science education

and the push for STEM awareness by the
Obama administradon and nadonally rec-
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ognized foundations (e.g. American Asso-
ciation for the Advancement for Science,
Nadonal Science Foundadon) have empha-
sized projects and programs that encourage
American youth to connect with STEM
fields. Results on the PISA and TIMSS
international studies of math and science
exams have shown that American youth
fall behind other developed countries in
their abilities in science and math (Rus-
sell, Hancock & McCullogh, 2007;
Russell, 1999)

In addidon, various research studies of
undergraduate student experiences in
choosing STEM professions (Russell, Han-
cock & McCullogh, 2007; Russell, 1999)
have noted that the best time to create a
connection, awareness and interest in
STEM fields would be the elementary
years.

The number of students enrolling in
more advanced math and science courses
in high schools in America is on the
increase according to the Federal Intera-
gency Forum on Child and Family
Stadsdcs (2011). However, The Nadonal
Science Board (2010) sdll projects a short-
age of workers in the STEM fields in the
United States in our near future. Over half
of doctorate degrees in Natural Sciences
and Engineering earned in the United
States since 2006 were awarded to foreign
nadonals, largely from East Asia (Nadon-
al Science Board, 2010). Even though the
number of undergraduate students entering
STEM degree programs at four-year insti-
tudons has risen over the past decade, the
rate of increase lags behind other devel-
oped countries.

Present Initiatives
One current initiative in promoting

STEM in American education belongs to
national organizations. The first is called
The Partnership for 21st Century Skills
(2004). The goal of this inidadve is to pre-
pare American children to develop the
skills they will need in order to compete
in our global economy. This partnership
between educators, policy makers, and
community members aims to provide tools
and resources for public schools, and fight
for policies that will advance the cause.
The framework of this skill set encom-
passes reading, wridng, arithmedc (3 R's),
and other core subject areas; along with
cridcal thinking and problem solving, com-
municadon, collaboradon, and creadvity
(4 C's). 21st century themes, and infor-
madon media and technology are also a
focus of the partnership with support sys-
tems designating professional development
for teachers and support for the learning
environments. While some school districts
were already embracing similar ideas, the
partnership strives to provide equal sup-
port and resources for all schools across
America at the local, state, and nadonal
levels. The Partnership for 21st Century
Skills has recently become an important
piece of the education system in America
in its efforts to build readiness in Ameri-
can students as well as build collaboradve
partnerships among educators, business
professionals, community members, and
governmental leaders. This initiadve is
beginning to help build the skill set need-
ed for American students to succeed in
STEM disciplines as well as global com-
petition.
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Another current initiative in America
is mandated by President Obama with his
"Educate to Innovate" campaign (White-
house.gov, 2009). The goal of this
campaign is to improve the performance
and skills of American youth in STEM
content through collaborative efforts of the
federal government, leading companies,
non-profit groups and educational soci-
eties. Together these forces are striving to
improve education at all levels in STEM
disciplines.

Early Exposure
As a result of the work of the Partner-

ship for 21st Century Skills initiative and
other important government and private
agencies, the importance of providing ear-
lier exposure to STEM initiatives for
students in K-12 education has increas-
ingly come to light for all educators.
(Bagiati, Yoon, Evangelou, & Ngambeki,
2010; Bybee, & Fuchs, 2006). Engineer-
ing concepts, along with more advanced
inquiry science and math concepts are
being incorporated at much earlier stages
of the elementary curriculum. It is the
intention of these educators that by intro-
ducing elementary students to a science,
math, and technology integrated curricu-
lum, based on interactive problem-solving
activities, interest in these types of STEM
career fields will increase (Katehi, Pearson,
& Feder, 2009). Swift and Watkins (2004)
emphasize that "effective science and
mathematics instruction must begin in the
early grades." (p. 67) Elementary teachers
need support to find ways to incorporate
more hands-on, inquiry-based activities
into the math and science curricula to assist
in teaching the more abstract concepts.

Swift and Watkins further stress that out-
reach programs, where engineers partner
with educators to provide activities and
instruction around engineering principles,
have been effective.

The National Science Board (2010)
reports a strong correlaüon between stu-
dents who take advanced science and math
courses in high school and their enroll-
ment and success in four year college
institutions. Likewise, there is also a strong
correlation between high school students
who do not take advanced courses typi-
cally do not enroll in four year college
institutions, and those who do often need
remedial support courses. This research
supports the need for earlier exposure for
elementary students to STEM initiatives.
Early exposure may motivate students to
enroll in more advanced science and math
courses when they are available in middle
and high school. This author is in the
beginning stages of initializing such a
research project.

Roth & Eijck (2010) conducted a study
on lifelong learning in relation to science.
They wrote that the focus in schools should
be more on STEM processes rather than
specific content in order to truly prepare
students for the real world of science. In
addition. Wood (2008) stated that what stu-
dents are learning about science in
American high schools from their teach-
ers, textbooks, and the entertainment
industry is keeping kids out of science, not
promoting it. Science classes in schools
need to promote more problem solving,
critical thinking, and open-ended inquiry.
These types of classroom activities devel-
op process skills in students rather than
simply learning content knowledge.
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Although the amount of problem-based
learning in science and technology class-
rooms has improved over the past decade,
there is sfill room for growth and improve-
ment in this area. Bencze (2010) writes,

...it also is apparent that many or
most of these activities are, ulti-
mately, teacher-guided to ensure
students generate 'desirable' prod-
ucts. This is, apparently, part of a
general movement in education to-
in essence-commodify knowledge;
that is, to tightly prescribe what is to
be taught and learned and assessed
and evaluated in discrete bundles,
(p. 45)
Scientific problem-based acfivifies pro-

mote crifical scientific thinking and engage
students in science. These kinds of lesson
activities should not be reserved for mid-
dle school and high school classrooms.
Elementary students have the cognifive
abilities to engage in STEM content and
problem solving activities which in turn
will whet their appetites for more. Not
only do STEM lessons and acfivities excite
young learners, but they also build their
confidence and self-efficacy in relafion to
their own abilifies to be successful in more
advanced math and science cotirses in later
school years.

Impact on Elementary Teacher Education in
STEM Disciplines

Teaching inquiry science is not a com-
mon approach used in elementary science
classrooms today (Weiss, 2006). Many
preservice teachers, upon completion of
their teacher education programs, lack ped-
agogical experfise in scientific inquiry and
technological design (Bencze, 2010). This
is not only true for preservice teachers, but

veteran teachers as well. They lack the
self-efficacy to incorporate elementary sci-
entific inquiry into their lessons. Ross
(1998) reports that teachers with low self-
efficacy to engage in inquiry based projects
tend to refrain from using such a curricu-
lum with their elementary students and
they tend to have lower student achieve-
ment. This is true for elementary teachers
who have less formal science education
(Harlen & Hokoyd, 1997).

The emphasis on standardized testing
in America has hampered the growth of
scientific pedagogy in the elementary
schools to include inquiry-based projects.
Elementary students often learn about sci-
entific theory and the nature of science
rather than doing scientific investigations
for themselves. As a result, students are
relying on the knowledge, products and
conclusions of others rather than experi-
encing it for themselves.

When there is an emphasis on knowl-
edge acquisition only with an increasing
pressure to deliver a more structured sci-
ence program in the schools, this can result
in a negative impact on student motivafion
and expertise (Bencze, 2010). Students
need to be allowed to construct their own
knowledge and expertise through proce-
dural and pedagogical methods that
encourage and support inquiry. One way
to approach this disconnect from theory
into practice is for insfitufions of higher
education to partner with elementary teach-
ers to provide staff development on
pedagogical inquiry-based learning and
design as well as provide project-based
STEM insfitutes for elementary students in
order to gain exposure to STEM disciplines
and content.



America's Children... / 81

Current STEM Programs for Children
Universities around the country as well

as public and private organizations are
beginning to offer STEM initiative pro-
grams for K-12 students and their teachers.
Many of these programs continue to focus
on middle and high school students and
often overlook elementary students
(Vasquez, 2005; Yasar, Baker, Robinson-
Kurpius, Krause, & Roberts, 2006).
However, STEM programs focusing on
elementary students are beginning to sur-
face more and more. Eor instance, the
University of Virginia's Children's Engi-
neering Educators organization has had a
positive impact on science education in the
state of Virginia over the past several years
through offering in-service for elementary
teachers on engineering design concepts.
Their focus has been on linking the chil-
dren's engineering design concepts in their
teacher preparation programs with existing
school curricula, and through hosting sum-
mer camps for children (University of
Virginia, 2011).

North Carolina State University offers
a week long day camp for elementary stu-
dents in grades 3-5 focusing on
introductory engineering skills and con-
cepts with stiidents (North Carolina State
University, 2011). Sooner Elementary
School in Oklahoma City, Oklahoma offers
an after school elementary science club
organized by parent volunteers and sup-
ported by engineering students from the
local university. The Sooner Elementary
Engineering and Science (SEES) club's
goal is to provide engaging hands-on activ-
ities that make science and engineering
come ahve for students (Rhoads, Waiden,
& Winter, 2004).

Private businesses are also popping up
around the country that offer children's
programs in STEM disciplines. Children's
Engineering Educators, LLC is an exam-
ple of a private business developed
specifically for the purpose of joining the
STEM initiative to support teachers in the
classroom. This company provides staff
development as well as instructional tools
and lessons for elementary teachers to
incorporate STEM concepts and engi-
neering design activities into their
classrooms (Children's Engineering Edu-
cators, 2002). Engineering for Kids® is
another private company that started in
Stafford, Virginia teaching engineering
concepts and STEM content to elementary
and middle school children through class-
es, camps and parties (Engineering for
Kids, 2011). While these businesses are
great opportunities for a select group of
children to participate in STEM activities,
more needs to be done on a larger scale to
prepare elementary teachers to incorpo-
rate STEM concepts into existing school
curricula in order to provide equal oppor-
tunities for all children.

Goals for future elementary STEM education
The call implementing STEM initia-

tives into the American education system
has come from the highest office. Presi-
dent Obama's "Educate to Innovate"
campaign has thrust STEM initiatives into
the limelight. Efforts are continuing to
introduce more STEM learning into exist-
ing P-12 curricula, however, the impact of
high stakes testing and issues related to
teacher knowledge and staff development
hinder the process (Brophy, 2008). While
school accountability and standards-based
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testing are important and will continue into
the foreseeable future, incorporating
STEM inidadves and concepts into the cur-
riculum are equally important. Insdtudons
of higher learning need to take the front
lines to join forces with the current initia-
tives of the Partnership for 21st Century
Skills and President Obama's Educate to
Innovate campaign. The first line of attack
should be in teacher education. STEM
concepts such as scientific inquiry, prob-
lem-based learning, engineering design
and technological acdvides should encom-
pass the methodology that every
elementary preservice teacher receives in
their teacher education programs. The
United States demands that their teachers
are highly qualified, but many lack confi-
dence to teach scientific inquiry in the
elementary classroom (Bencze, 2010).
Preservice teachers need to be thoroughly
prepared to incorporate STEM inidatives
into the exisdng curriculum wherever they
teach. By preparing the preservice teach-
ers of tomorrow, we lay the foundadon for
change.

Second, university teacher educators
need to reach out to their community
schools' and provide staff development for
veteran teachers. Providing instruction
and pedagogy on scientific inquiry and
technological design in the elementary
classroom will help elementary teachers
feel more confident to alter their exisdng
curricula to incorporate STEM inidadves.
When teachers have positive self-efficacy
towards instructional methods, they are
more likely to engage students using that
method (Ross, 1998). Implementing
STEM concepts in the elementary school
curricula involves teaching students

through problem-based learning and col-
laboradon which resembles the workplace
of the future. The Partnership for 21st
Century Skills focuses on these important
concepts in the student outcomes. The 4
C's in the student outcome model represent
cridcal thinking, communication, collab-
oration, and creativity {Partnership for
21st Century Skills, 2004). Many veteran
elementary school teachers are in need of
professional development to support them
in establishing the learning environment
called for in these latest education and
STEM inidatives.

The third suggesdon to help motivate
American youth to begin rigorous acade-
mic tracks that lead to higher education
and careers in STEM disciplines is to pro-
vide ample and equal opportunities for
early exposure to STEM related concepts.
Developing summer camps, classes, and
workshops for elementary students to expe-
rience hands-on scientific inquiry and
technological design activides will engage
young learners with STEM disciplines and
content that they might not otherwise expe-
rience. While students are engaged in
STEM acdvides, they will also gain expe-
rience with 21st Century skills such as
critical thinking, collaboradon and com-
municadon that will help prepare them to
compete on the global level. Interactive
problem-based learning activities in STEM
disciplines are innovative and exciting for
young learners. It is hypothesized that this
type of environment will spark motivation
to pursue more advanced math and science
courses and lay the foundation for STEM
careers. More research needs to be done
in this area as the United States moves for-
ward to reclaim their status as global
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leaders in math and science.
The Russian's were the first country to

launch an artificial spacecraft. Sputnik 1,
in 1957. This unannounced success of
Russia's advanced technology ignited the
world's Space Race. It took a dozen more
years, but the United States prevailed and
succeeded with the first manned space mis-
sion to land on the moon. The Space Race
sparked a tremendous increase in spend-
ing for educadon and research in the United
States. President Obama's campaign Edu-
cate to Innovate has initiated similar
modvadon to help American youth achieve
globally at the highest levels in STEM dis-
ciplines, but the flames must be fanned.
The Educate to Innovate campaign calls for
collaboradon between the federal govern-
ment, businesses, higher education as well
as non-profit groups to provide American
youth with STEM exposure and support
as explained in this paper. Providing
exposure to even the youngest learners may
be the key to long-term success for Amer-
ican education. The opportunity for
America to achieve high ranking status in
STEM disciplines in the world markets
lies in the hands of our youth. We can
achieve these lofty goals by implemendng
STEM initiatives as an integral part of the
elementary level curricula in America
today!
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