Standards for “Modeling Moving Carbon”

Elementary Standards
NGSS Standards

environment. 4-ESS3-1

Support an argument that plants get the materials they need for growth chiefly from air and water. 5-LS1-1

Develop a model to describe the movement of matter among plants, animals, decomposers, and the environment. 5-LS2-1
Obtain and combine information to describe that energy and fuels are derived from natural resources and their uses affect the

Engage - Developing and Using Models
Develop and/or use models to describe and/or predict
phenomena.

Engage - Constructing Explanations and Designing
Solutions

Construct and/or support an argument with evidence, data,
and/or a model.

Explore - Developing and Using Models
Develop and/or use models to describe and/or predict
phenomena.

Explain - Developing and Using Models

Develop a model using an analogy, example, or abstract
representation to describe a scientific principle or design
solution.

Elaborate - Obtaining, Evaluating, and Communicating
Information

Compare and/or combine across complex texts and/or
other reliable media to support the engagement in other
scientific and/or engineering practices.

Elaborate - Developing and Using Models
Collaboratively develop and/or revise a model based on
evidence that shows the relationships among variables for
frequent and regular occurring events.

Evaluate - Obtaining, Evaluating, and Communicating
Information

Communicate scientific and/or technical information orally
and/or in written formats, including various forms of media
and may include tables, diagrams, and charts.

PS3.D: Energy in Chemical
Processes and Everyday Life
The energy released [from] food
was once energy from the sun that
was captured by plants in the
chemical process that forms plant
matter (from air and water).
(5-PS3-1)

Plants acquire their material for
growth chiefly from air and water.
(5-LS1-1)

LS2.B: Cycles of Matter and
Energy Transfer in Ecosystems
Matter cycles between the air and
soil and among plants, animals,
and microbes as these organisms
live and die. Organisms obtain
gases, and water, from the
environment, and release waste
matter (gas, liquid, or solid) back
into the environment. (5-LS2-1)

ESS3.A: Natural Resources
Energy and fuels that humans use
are derived from natural sources,
and their use affects the
environment in multiple ways.
Some resources are renewable
over time, and others are not.
(4-ESS3-1)

Energy and Matter

Matter flows and cycles can
be tracked iterms-efthe
weight-of-the-stbstances
befere-and-afteraprecess
ecedrs—he-totalweightof
the-stbstances-doesnot
meantby-conservation-of
matter: Matter is
transported into, out of, and
within systems.

Systems and System
Models

A system is a group of
related parts that make up a
whole and can carry out
functions its individual parts
cannot.

A system can be described
in terms of its components
and their interactions.

Scale, Proportion and
Quantity Natural objects
and/or observable
phenomena exist from the
very small to the immensely
large or from very short to
very long time periods

Middle School Standards

resources impact Earth's systems. MS-ESS3-4

Develop a model to describe the cycling of matter and flow of energy among living and nonliving parts of an ecosystem. MS-LS2-3
Ask questions to clarify evidence of the factors that have caused the rise in global temperatures over the past century. MS-ESS3-5

Construct an argument supported by evidence for how increases in human population and per-capita consumption of natural

Engage - Developing and Using Models
Develop and/or use a model to predict and/or
describe phenomena.

Engage - Constructing Explanations and

LS2.B: Cycles of Matter and Energy Transfer in
Ecosystems
Food webs are models that demonstrate how matter
and energy is transferred between producers,
consumers, and decomposers as the three groups

Energy and Matter
Within a natural or
designed system, the
transfer of energy
drives the motion
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Designing Solutions
Construct an explanation using models or
representations.

Explore - Developing and Using Models
Develop and/or revise a model to show the
relationships among variables, including those
that are not observable but predict observable
phenomena.

Explain - Developing and Using Models
Develop and/or revise a model to show the
relationships among variables, including those
that are not observable but predict observable
phenomena

Elaborate - Obtaining, Evaluating, and
Communicating Information

Critically read scientific texts adapted for
classroom use to determine the central ideas
and/or obtain scientific and/or technical
information to describe patterns in and/or
evidence about the natural and designed
world(s).

Elaborate - Developing and Using Models
Use and/or develop a model of simple
systems with uncertain and less predictable
factors.

Evaluate - Obtaining, Evaluating, and
Communicating Information
Communicate scientific and/or technical
information (e.g. about a proposed object,
tool, process, system) in writing and/or
through oral presentations.

interact within an ecosystem. Transfers of matter into
and out of the physical environment occur at every
level. Decomposers recycle nutrients from dead plant
or animal matter back to the soil in terrestrial
environments or to the water in aquatic environments.
The atoms that make up the organisms in an
ecosystem are cycled repeatedly between the living
and nonliving parts of the ecosystem. (MS-LS2-3)

ESS3.C: Human Impacts on Earth Systems
Human activities have significantly altered the
biosphere, sometimes damaging or destroying natural
habitats and causing the extinction of other species.
But changes to Earth’s environments can have
different impacts (negative and positive) for different
living things. (MS-ESS3-3)

Typically as human populations and per-capita
consumption of natural resources increase, so do the
negative impacts on Earth unless the activities and
technologies involved are engineered otherwise.
(MS-ESS3-3), (MS-ESS3-4)

ESS3.D: Global Climate Change

Human activities, such as the release of greenhouse
gases from burning fossil fuels, are major factors in
the current rise in Earth’s mean surface temperature
(global warming). Reducing the level of climate
change and reducing human vulnerability to whatever
climate changes do occur depend on the
understanding of climate science, engineering
capabilities, and other kinds of knowledge, such as
understanding of human behavior and on applying that
knowledge wisely in decisions and activities.
(MS-ESS3-5)

and/or cycling of
matter.

Systems and
System Models
Models can be used
to represent systems
and their
interactions—such
as inputs, processes
and outputs—and
energy, matter, and
information flows
within systems.

Scale, Proportion
and Quantity

Time, space, and
energy phenomena
can be observed at
various scales using
models to study
systems that are too
large or too small.

High School Standards

Use a model to illustrate how photosynthesis transforms light energy into stored chemical energy. HS-LS1-5

Construct and revise an explanation based on evidence for how carbon, hydrogen, and oxygen from sugar molecules may combine

with other elements to form amino acids and/or other large carbon-based molecules. HS-LS1-6

Use a model to illustrate that cellular respiration is a chemical process whereby the bonds of food molecules and oxygen molecules

are broken and the bonds in new compounds are formed resulting in a net transfer of energy. HS-LS1-7

Develop a model to illustrate the role of photosynthesis and cellular respiration in the cycling of carbon among the biosphere,
atmosphere, hydrosphere, and geosphere. HS-LS2-5

Use a computational representation to illustrate the relationships among Earth systems and how those relationships are being

modified due to human activity. HS-ESS3-6

Engage - Developing and
Using Models

Develop, revise, and/or use a
model based on evidence to
illustrate and/or predict the
relationships between systems
or between components of a
system.

Engage - Constructing
Explanations and Designing

PS3.D: Energy in Chemical Processes and Everyday Life
The main way that solar energy is captured and stored on Earth is
through the complex chemical process known as photosynthesis.
(secondary to HS-LS2-5)

LS1.C: Organization for Matter and Energy Flow in Organisms
The process of photosynthesis converts light energy to stored chemical
energy by converting carbon dioxide plus water into sugars plus
released oxygen. (HS-LS1-5)

As matter and energy flow through different organizational levels of




Solutions

Apply scientific ideas,
principles, and/or evidence to
provide an explanation of
phenomena ard-setve-desigh
plsbl.en e g = aeeFFsu 'E.

Explore - Developing and
Using Models

Develop and/or use multiple
types of models to provide
mechanistic accounts and/or
predict phenomena, and move
flexibly between model types
based on merits and
limitations.

Explain - Developing and
Using Models

Develop, revise, and/or use a
model based on evidence to
illustrate and/or predict the
relationships between systems
or between components of a
system.

Elaborate - Obtaining,
Evaluating, and
Communicating Information
Compare, integrate and
evaluate sources of information
presented in different media or
formats (e.g., visually,
quantitatively) as well as in
words in order to address a
scientific question or solve a
problem.

Elaborate - Developing and
Using Models

Develop, revise, and/or use a
model based on evidence to
illustrate and/or predict the
relationships between systems
or between components of a
system.

Evaluate - Obtaining,
Evaluating, and
Communicating Information
Communicate scientific and/or
technical information or ideas
(e.g. about phenomena and/or
the process of development
and the design and
performance of a proposed
process or system) in multiple
formats (including orally,
graphically, textually, and
mathematically).

living systems, chemical elements are recombined in different ways to
form different products. (HS-LS1-6), (HS-LS1-7)

The sugar molecules thus formed contain carbon, hydrogen, and
oxygen: their hydrocarbon backbones are used to make amino acids
and other carbon-based molecules that can be assembled into larger
molecules (such as proteins or DNA), used for example to form new
cells. (HS-LS1-6)

As a result of these chemical reactions, energy is transferred from one
system of interacting molecules to another. Cellular respiration is a
chemical process in which the bonds of food molecules and oxygen
molecules are broken and new compounds are formed that can
transport energy to muscles. Cellular respiration also releases the
energy needed to maintain body temperature despite ongoing energy
transfer to the surrounding environment. (HS-LS1-7)

LS2.B: Cycles of Matter and Energy Transfer in Ecosystems
Photosynthesis and cellular respiration (including anaerobic processes)
provide most of the energy for life processes. (HS-LS2-3)

Photosynthesis and cellular respiration are important components of the
carbon cycle, in which carbon is exchanged among the biosphere,
atmosphere, oceans, and geosphere through chemical, physical,
geological, and biological processes. (HS-LS2-5)

ESS2.A: Earth Materials and Systems

The geologic record shows that changes to global and regional climate
can be caused by interactions among changes in the sun’s energy
output or Earth’s orbit, tectonic events, ocean circulation, volcanic
activity, glaciers, vegetation, and human activities. These changes can
occur on a variety of time scales from sudden (e.g., volcanic ash
clouds) to intermediate (ice ages) to very long-term tectonic cycles.
(HS-ESS2-4)

ESS2.D: Weather and Climate
Changes in the atmosphere due to human activity have increased
carbon dioxide concentrations and thus affect climate. (HS-ESS2-4)

ESS3.D: Global Climate Change

Though the magnitudes of human impacts are greater than they have
ever been, so too are human abilities to model, predict, and manage
current and future impacts. (HS-ESS3-5)

All forms of energy production and other resource extraction have
associated economic, social, environmental, and geopolitical costs and
risks as well as benefits. New technologies and social regulations can
change the balance of these factors. (HS-ESS3-2)

ESS3.C: Human Impacts on Earth Systems

The sustainability of human societies and the biodiversity that supports
them requires responsible management of natural resources.
(HS-ESS3-3)

ESS3.D: Global Climate Change

Through computer simulations and other studies, important discoveries
are still being made about how the ocean, the atmosphere, and the
biosphere interact and are modified in response to human activities.
(HS-ESS3-6)




	Standards for “Modeling Moving Carbon” 
	Elementary Standards 
	Middle School Standards 
	High School Standards 


