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SuccCEessrFUL K-12 STEM EDUCATION:

IDENTIFYING EFFECTIVE APPROACHES IN SCIENCE,
TECHNOLOGY, ENGINEERING, AND MATHEMATICS

Successful K-12 STEM Education: Identifying Ef-
SUCCESSFUL K-12 fective Approaches in Science, Technology, En-
STEM EDUCATION gineering, and Mathematics provides information

: ot P that leaders at the school, district, state, and na-
tional levels can use to make strategic decisions
about improving science, technology, engineer-
ing, and mathematics (STEM) education. Based on
a workshop convened by the National Research
Council (NRC) in May 2011, the report examines
research on STEM-focused schools, the broader
base of research related to effective STEM educa-
tion practices, and general research on effective
schooling. The report focuses mainly on science
and mathematics (rather than technology and en-
gineering) because most of the research has been
done on those fields.

Questions about the effectiveness of education can
be addressed only in the context of the purposes
or goals one wants to achieve. Three broad goals
for K-12 STEM education are widely espoused in
the United States: to increase advanced training and careers in STEM fields, to expand the STEM-
capable workforce, and to increase scientific literacy for all students.

Several types of specialized STEMfocused schools and programs have the potential to address
these goals. They include schools that are organized around the STEM disciplines and have selec-
tive admissions criteria; inclusive STEM schools with open admission; and STEM-focused career and
technical education schools and programs, which emphasize application-based courses. Success-
ful STEM education takes place in all of these types of schools. For instance, research experiences,

1See also the report of this workshop, Successful STEM Education: A Workshop Summary. Available: www.nap.edu/
catalog.php@record_id=13230.
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infernships, mentoring, and content that is connect-
ed across different STEM courses make it more like-
ly that students complete a STEM major in college.
Effective STEM instruction and learning also occur
in regular, non-specialized schools, often through
programs such as the International Baccalaureate
and Advanced Placement.

There is little evidence to suggest that any particu-
lar type of school is superior, on average, to an-
other type of school. Several recent NRC reports
and other syntheses studies, however, suggest two
key aspects of practice that are found in success-
ful schools of all types: effective STEM instruction
and school conditions and cultures that support
learning.

EFFECTIVE STEM INSTRUCTION

Effective instruction capitalizes on students’ early
interest and experiences, builds on what they
know, provides them with experiences to engage
in the practices of science, and sustains their infer-
est in STEM. Students also engage with fundamen-
tal questions about the material and natural world,
gain experience in the ways that scientists have
investigated those questions, and carry out empiri-
cal investigations and engineering design projects
related to core scientific ideas.

This type of STEM instruction remains the exception
in U.S. schools. Further transformation is needed
at the national, state, and local levels to meet the
needs of all of the nation’s students. Attending to
some key elements of effective instruction can guide
educators and policy makers in that direction.

Key element: A coherent set of standards
and curricula. The poor average achievement of
U.S. students in mathematics and science can be
partially attributed to the curriculum. In any field,
the curriculum needs to structure the material that is
to be taught in each grade; be focused in terms of
the number of topics and level of coverage in each
grade; and be cognitively complex. Current work
on the Common Core State Standards for mathemat-
ics?2 and the NRC’s A Framework for K-12 Science
Education® may allow states to develop curricula

2See www.corestandards.org/the-standards/mathematics.
3See www.nap.edu/catalog.php2record_id=13165.
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that are focused on the most important content and
practices and are logically sequenced over time to
develop more comprehensive understanding.

Key element: Teachers with high capacity
to teach in their discipline. To be effective,
teachers need content knowledge and expertise in
teaching. Today, many middle and high school sci-
ence and mathematics teachers are not certified in
these subjects and did not major in a related field
in college. Professional development for STEM
teachers, when available, is often short, fragment-
ed, and not designed to address their individual
needs. Effective professional development should:

e focus on developing teachers’ capabilities to
teach content;

* address teachers’ classroom work and prob-
lems in their schools; and

® provide multiple and sustained opportunities
for learning over time.

Key element: A supportive system of as-
sessment and accountability. Since imple-
mentation of No Child Left Behind (NCLB), there
has been a shift from complex performance assess-
ments toward multiple-choice items that limit the
content and complexity of the skills and knowledge
being tested. There is widespread concern that the
heavy focus on test results, particularly from multi-
ple choice tests, narrows the curriculum in all fields
and leads to instruction that underemphasizes the
development of complex understanding. Careful
attention fo building a system of science assess-
ment that uses a variety of assessment strategies to
meet the requirements of NCLB is needed.4

Key element: Adequate instructional time.
NCLB has also affected the time allotted for STEM
instruction in K-12. Particularly in elementary
school, the predominant focus of instructional time
has become mathematics and language arts be-
cause these subjects are tested annually for NCLB
accountability. The decrease in time for science is
of particular concern because there is some evi-
dence that interest in science careers develops as
early as the elementary school years.

4For more information, see Systems for State Science
Assessment. Available: http://www.nap.edu/catalog.
phperecord_id=11312.
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Key element: Equal access to high-quality
stem learning opportunities. Many factors,
including poverty, contribute to well-documented
achievement gaps, but states, schools, and dis-
tricts can address some of them. For example,
disparities in access to quality teachers and other
school factors—such as access to adequate labo-
ratory facilities, resources, and supplies—can be
redressed to close the gaps in science achieve-
ment for underrepresented groups.

SCHOOL CONDITIONS AND CULTURES
THAT SUPPORT LEARNING

School culture and conditions strongly influence
student achievement, affecting what is taught,
how it is taught, and with what results. For ex-
ample, a study of 200 low-performing elementary
schools in high-poverty communities demonstrat-
ed that schools that improved learning shared five
common elements:

1. School leadership headed by principals
who are strategic, focused on instruction, and in-
clusive of others.

2. Professional capacity of faculty and
staff—including the willingness to change and the
capacity fo work together—fostered by high qual-
ity, ongoing professional development.

3. Ties with parents and the community
that involve active outreach to make school a wel-
coming place for parents, that engage parents
in supporting their children’s academic success,
and that strengthen connections to other local
institutions.

4. Student-centered learning climate that
is safe, welcoming, stimulating, and nurturing for
all students.

5. Instructional guidance focused on the or-
ganization of the curriculum, the nature of aco-
demic demand it poses, and the tools available
to advance learning.

5See Bryk, A.S., Sebring, P.B., Allensworth, E., Luppescu, S.
and Easton, J.Q. (2010). Organizing Schools for Improve-
ment: Lessons from Chicago. Chicago: University of Chicago
Press.
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HOW EDUCATION LEADERS AND POLICY
MAKERS CAN PROMOTE EFFECTIVE
K-12 STEM EDUCATION

Policy makers and education leaders at all levels can
take the following actions to bring STEM K-12
education closer to fulfilling the goals that the
country expects:

e Policy makers at the national, state, and local
levels should elevate science to the same level
of importance as reading and mathematics.

e Districts should devote adequate instructional
time and resources to science in grades K-5.

e Districts should ensure that their STEM cur-
ricula are focused on the most important
topics in each discipline, are rigorous, and
are articulated as a sequence of topics and
performances.

e Districts need to enhance the capacity of
K-12 teachers to teach STEM. National and
state policy makers should invest in a coher-
ent, focused, and sustained set of supports
for STEM teachers to help them teach in ef-
fective ways.

e Districts should provide instructional lead-
ers with professional development that helps
them to create the school conditions that ap-
pear to support student achievement.

e States and national organizations should
develop effective systems of assessment that
are aligned with the next generation of sci-
ence standards and that emphasize science
practices.

e Federal agencies should support research
that disentangles the effects of school prac-
tice from student selection, recognizes the
importance of contextual variables, and al-
lows for longitudinal assessments of student
outcomes.
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