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The Next Generation Science Standards
(NGSS)' have emerged at a time when
science education is responding to calls
for integrating dimensions of science,
technology, engineering, and

mathematics (STEM) knowledge and
practices into preK—12 science curricula
and instruction. The emphasis in the NGSS
on “Science and Engineering Practices,”
and the attention given to both engineering
and technology in the Framework for K-12
Science Education," on which the NGSS
was based, lead to questions about the
relationships and differences between
STEM and NGSS. Is the NGSS really a set
of STEM standards? To understand what
makes the NGSS distinct in some
important ways from STEM instruction, it is
helpful to consider the rationales for these
two important initiatives, and for science
education more generally.
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The impetus for including integrated STEM instruction in preK—12 classrooms and in

higher education is largely justified by a workforce imperative.

That is, there is great

concern that in the United States, not enough young people are being trained in STEM
fields such as engineering, computer science, geoscience, electronics, and so on, to
replace the current workers in those fields who are going to be retiring relatively soon,
or to address the increased need for such workers that will come about as societies
depend increasingly on emerging and sophisticated technologies. In addition, STEM
education is seen as a vehicle by which the United States will continue to be at the
forefront of technological innovation, especially in ways that enhance economic
opportunities, improve the quality of life, and address environmental challenges. As a
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result, STEM education initiatives have led to many networks and partnerships among
industry, education, and government, such as those promoted by President Obama’s
“Educate to Innovate” campaign," and others.” To address the need for STEM
specialists, preK—12 educators are being asked to identify learners who are talented
and motivated in these fields, as well as others who could be, and to nurture their
interests related to STEM generally and in specific STEM fields that each learner finds
enticing.” While it is definitely the case that there are other rationales for promoting
STEM programs in schools, much of the justification for STEM education ultimately ties
back to this workforce-related rationale.

STEM education encourages exploration and problem solving in ways that apply,
create, assess, and adjust technologies through activities that are intended to be as
authentic as possible. Many STEM activities involve students in designing and building
structures and products, so that they can feel the sense of accomplishment that comes
from applying knowledge and skills to solve problems. In such activities, STEM
instruction often draws from one of the many representations of engineering and design
processes, or engineering design cycles, which are followed more or less closely by
professional STEM workers." As a result of STEM activities, many students have
recognized that they have an interest in STEM fields. Further, in some cases, students
realize that STEM fields are far more creative than they had envisioned them to be. This
emphasis on the creative dimension of STEM instruction has led some to advocate for it
to be thought of as STEAM instruction,” where the “A” gives attention to the potential
brought in by including dimensions of the creative arts.

While the NGSS is intended to promote science and engineering practices and career
choices, it is also intended to educate learners for civic engagement and personal
fulfillment. For example, the NGSS website states that what NGSS calls disciplinary
core ideas, “...relate to the interests and life experiences of students or be connected to
societal or personal concerns that require scientific or technological knowledge.” In
short, whereas STEM instruction places priority on identifying and nurturing a subset of
abilities and purposes addressed by science education, NGSS has a mandate to
enhance the science literacy of all students, and for many purposes, which include
those of STEM instruction, but also go beyond them. This difference in focus affects the
nature of the experiences children need to have.

While STEM activities usually focus on aspects of the designed world as a starting
and/or endpoint, the NGSS promotes experiences that may have as their primary
concern, concepts and principles of how natural laws operate in systems that are not
being directly manipulated by people. Systems that operate outside of direct human
intervention are as much a part of NGSS instruction as are those designed and
manipulated by people. So, whereas understanding the physical structures that allow
most birds to fly could itself be the central focus of a lesson addressing NGSS
performance expectations (e.g., 4-LS1-1), in a STEM lesson that topic would typically
be taken further to consider how knowledge of such biological structures can be used in
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engineering applications. Yet, within the NGSS, too, there is the opportunity for students
to consider the interplay of the natural world and designed systems, such as by
considering how the structures of living things can be used to solve human problems
(e.g., 1-LS1-1). In this way, the NGSS and STEM initiatives are in harmony with each
other.

The different emphases of STEM and NGSS are definitely complementary and,
depending on how they are implemented, they have the potential to intersect each other
at several points. Understanding how physical laws operate is essential for
understanding how the designed world works. Bridges, clothes, pencils, computers, and
other technologies all operate through principles that define the interactions of forces,
energy, and matter. Understanding how designed systems affect other aspects of the
world depends on such fundamental knowledge that comes from basic science. While
STEM instruction may begin with a focus on the designed world, a full understanding of
the designed world depends on also understanding systems that have not been altered
by people—what are sometimes called natural systems (though that can beg arguments
about what is and is not natural®). Similarly, while the NGSS includes aspects of basic
science that are relevant outside of engineering and design processes, it also promotes
an understanding of those processes and practices even among students who are not
going to take part in science or engineering professionally.

The NGSS promote a form of science literacy that includes an appreciation of the
importance of understanding not only how the natural world works, but how the natural
world interfaces with the designed world—how the natural world and the designed world
affect and are affected by each other. In addition, the NGSS strives to encourage
science education that also helps learners to develop knowledge of the processes by
which the natural world is studied and how the designed world comes into being through
the work done by engineers, technicians, and others. It is not enough, for example, for
children to understand how a light bulb lights; they need also to understand how the
light bulb came to be, how it has changed over time, and the impact its use has on other
parts of the world, such as the environment. The NGSS offers, therefore, an approach
to science education that is not only very inclusive in terms of the students it intends to
reach, but also in terms of the purposes it intends to serve for learners and society. The
NGSS suggests a vision in which the general public understands the ideas of science,
the impact of science, and how both scientific investigations and engineering processes
are carried out. It is a vision in which members of society become fully prepared to
address the challenges and opportunities of the future.
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