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Energy and Matter: Flows, Cycles, and Conservation

One of the great achievements of science is the recognition that, in any system,
certain conserved quantities can change only through transfers into or out of the
system. Such laws of conservation provide limits on what can occur in a system,
whether human built or natural. This section focuses on two such quantities,
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Progression

I The ability to examine, characterize, and model the transfers and cycles
of matter and energy is a tool that students can use across virtually all
areas of science and engineering. I

matter and energy, whose conservation has important implications for the dis-
ciplines of science in this framework. The supply of energy and of each needed
chemical element restricts a system’s operation—for example, without inputs of
energy (sunlight) and matter (carbon dioxide and water), a plant cannot grow.
Hence, it is very informative to track the transfers of matter and energy within,
into, or out of any system under study.

In many systems there also are cycles of various types. In some cases, the
most readily observable cycling may be of matter—for example, water going back
and forth between Earth’s atmosphere and its surface and subsurface reservoirs.
Any such cycle of matter also involves associated energy transfers at each stage,
so to fully understand the water cycle, one must model not only how water moves
between parts of the system but also the energy transfer mechanisms that are criti-
cal for that motion.

Consideration of energy and matter inputs, outputs, and flows or transfers
within a system or process are equally important for engineering. A major goal in
design is to maximize certain types of energy output while minimizing others, in
order to minimize the energy inputs needed to achieve a desired task.

The ability to examine, characterize, and model the transfers and cycles
of matter and energy is a tool that students can use across virtually all areas
of science and engineering. And studying the interactions between matter and
energy supports students in developing increasingly sophisticated conceptions of
their role in any system. However, for this development to occur, there needs to
be a common use of language about energy and matter across the disciplines in

science instruction.

The core ideas of matter and energy and their development across the grade
bands are spelled out in detail in Chapter 5. What is added in this crosscutting
discussion is recognition that an understanding of these core ideas can be infor-
mative in examining systems in life science, earth and space science, and engineer-
ing contexts. Young children are likely to have difficulty studying the concept of

Dimension 2: Crosscutting Concepts
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energy in depth—everyday language surrounding energy contains many shortcuts
that lead to misunderstandings. For this reason, the concept is not developed at
all in K-2 and only very generally in grades 3-5. Instead, the elementary grades
focus on recognition of conservation of matter and of the flow of matter into,
out of, and within systems under study. The role of energy transfers in conjunc-
tion with these flows is not introduced until the middle grades and only fully
developed by high school.

Clearly, incorrect beliefs—such as the perception that food or fuel is a form
of energy—would lead to elementary grade students’ misunderstanding of the
nature of energy. Hence, although the necessity for food or fuel can be discussed,
the language of energy needs to be used with care so as not to further estab-
lish such misconceptions. By middle school, a more precise idea of energy—for
example, the understanding that food or fuel undergoes a chemical reaction with
oxygen that releases stored energy—can emerge. The common misconceptions can
be addressed with targeted instructional interventions (including student-led inves-
tigations), and appropriate terminology can be used in discussing energy across
the disciplines.

Matter transfers are less fraught in this respect, but the idea of atoms is not
introduced with any specificity until middle school. Thus, at the level of grades
3-5, matter flows and cycles can be tracked only in terms of the weight of the sub-
stances before and after a process occurs, such as sugar dissolving in water. Mass/
weight distinctions and the idea of atoms and their conservation (except in nuclear
processes) are taught in grades 6-8, with nuclear substructure and the related con-
servation laws for nuclear processes introduced in grades 9-12.
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