Next Generation Science Standards — Crosscutting Concepts for HS
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Next Generation Science Standards — Crosscutting Concepts

1. Patterns - Observed patterns of forms and events guide organization and classification, and they prompt questions about relationships and the
factors that influence them. Patterns exist everywhere—in regularly occurring shapes or structures and in repeating events and relationships. For
example, patterns are discernible in the symmetry of flowers and snowflakes, the cycling of the seasons, and the repeated base pairs of DNA.

2. Cause and Effect - Events have causes, sometimes simple, sometimes multifaceted. A major activity of science is investigating and explaining
causal relationships and the mechanisms by which they are mediated. Such mechanisms can then be tested across given contexts and used to predict
and explain events in new contexts. Cause and effect is often the next step in science, after a discovery of patterns or events that occur together with
regularity. A search for the underlying cause of a phenomenon has sparked some of the most compelling and productive scientific investigations.

3. Scale, Proportion and Quantity - In considering phenomena, it is critical to recognize what is relevant at different measures of size, time, and
energy and to recognize how changes in scale, proportion, or quantity affect a system’s structure or performance. Scale, Proportion and Quantity are
important in both science and engineering. These are fundamental assessments of dimension that form the foundation of observations about nature.
Before an analysis of function or process can be made (the how or why), it is necessary to identify the what. These concepts are the starting point for
scientific understanding, whether it is of a total system or its individual components.

4. Systems and System Models - Defining the system under study—specifying its boundaries and making explicit a model of that system—provides
tools for understanding and testing ideas that are applicable throughout science and engineering. Systems and System Models are useful in science
and engineering because the world is complex, so it is helpful to isolate a single system and construct a simplified model of it.

5. Energy and Matter - Tracking fluxes of energy and matter into, out of, and within systems helps one understand the systems’ possibilities and
limitations. Energy and Matter are essential concepts in all disciplines of science and engineering, often in connection with systems.

6. Structure and Function - The way in which an object or living thing is shaped and its substructure determine many of its properties and
functions. Structure and Function are complementary properties. “The shape and stability of structures of natural and designed objects are related
to their function(s). The functioning of natural and built systems alike depends on the shapes and relationships of certain key parts as well as on the
properties of the materials from which they are made.

7. Stability and Change - For natural and built systems alike, conditions of stability and determinants of rates of change or evolution of a system are
critical elements of study. Stability and Change are the primary concerns of many, if not most scientific and engineering endeavors. “Stability denotes
a condition in which some aspects of a system are unchanging, at least at the scale of observation. Stability means that a small disturbance will fade
away—that is, the system will stay in, or return to, the stable condition.
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Crosscutting Concepts - Patterns

Observed patterns of forms and events guide organization and classification,
and they prompt questions about relationships and the factors that influence
them. Patterns exist everywhere—in regularly occurring shapes or structures
and in repeating events and relationships. For example, patterns are discernible
in the symmetry of flowers and snowflakes, the cycling of the seasons, and the
repeated base pairs of DNA. | J )
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HS-PS1-2. Construct and revise an explanation =
for the outcome of a simple chemical reaction
based on the outermost electron states of atoms,
trends in the periodic table, and knowledge of the
patterns of chemical properties.

9-12 Students observe patterns in systems at
different scales and cite patterns as empirical
evidence for causality in supporting their
explanations of phenomena. They recognize
classifications or explanations used at one scale
may not be useful or need revision using a different
scale; thus requiring improved investigations
and experiments. They use mathematical
representations to identify certain patterns and
analyze patterns of performance in order to
reengineer and improve a designed system.
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Events have causes, sometimes simple,
sometimes multifaceted. A major activity
of science is investigating and explaining
causal relationships and the mechanisms
by which they are mediated. Such
mechanisms can then be tested across
given contexts and used to predict and
explain events in new contexts. Cause and

effect is often the next step in science, after
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HS-LS3-2. Make and defend a claim based on evidence that inheritable genetic variations may result
from: (1) new genetic combinations through meiosis, (2) viable errors occurring during replication,
and/or (3) mutations caused by environmental factors.

9-12 Students understand that empirical evidence is required to differentiate between cause and correlation
and to make claims about specific causes and effects. They suggest cause and effect relationships to explain
and predict behaviors in complex natural and designed systems. They also propose causal relationships by
examining what is known about smaller scale mechanisms within the system. They recognize changes in
systems may have various causes that may not have equal effects.
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Crosscutting Concepts - Scale, Proportion and Quantity
In considering phenomena, it is critical to recognize what is relevant at different measures of size, time, and energy and to
recognize how changes in scale, proportion, or quantity affect a system’ structure or performance. Scale, Proportion and
Quantity are important in both science and engineering. These are fundamental assessments of dimension that form the
foundation of observations about nature. Before an analysis of function or process can be made (the how or why), it is necessary
to identify the what. These concepts are the starting point for scientific understanding, whether it is of a total system or its
individual components.

9-12 HS-ESS1-4. Use mathematical or computational representations to predict the motion of orbiting
objects in the solar system.

9-12 Students understand the significance of a phenomenon is dependent on the scale, proportion, and quantity at which

it occurs. They recognize patterns observable at one scale may not be observable or exist at other scales, and some systems

can only be studied indirectly as they are too small, too large, too fast, or too slow to observe directly. Students use orders of
magnitude to understand how a model at one scale relates to a model at another scale. They use algebraic thinking to examine

scientific data and predict the effect of a change in one variable on another (e.g., linear growth vs. exponential growth).
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Crosscutting Concepts — Systems and System Models
Defining the system under study—specifying its boundaries and making explicit a model of that system—provides tools for
understanding and testing ideas that are applicable throughout science and engineering. Systems and System Models are useful in

science and engineering because the world is complex, so it is helpful to isolate a single system and construct a

simplified model of it.
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Z HS-LS2-5. Develop a model to illustrate the role of photosynthesis and cellular respiration in the cycling\

of carbon among the biosphere, atmosphere, hydrosphere, and geosphere.

9-12 Students can investigate or analyze a system by defining its boundaries and initial conditions, as well as its inputs

and outputs. They can use models (e.g., physical, mathematical, computer models) to simulate the flow of energy, matter,
and interactions within and between systems at different scales. They can also use models and simulations to predict the
behavior of a system, and recognize that these predictions have limited precision and reliability due to the assumptions and

approximations inherent in the models. They can also design systems to do specific tasks. -
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Crosscutting Concepts — Energy and Matter
Tracking fluxes of energy and matter into, out of, and within systems helps one understand the systems’ possibilities and limitations.

Energy and Matter are essential concepts in all disciplines of science and engineering, often in connection with systems.
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HS-PS1-8. Develop models to illustrate the changes in the composition of the nucleus of the

atom and the energy released during the processes of fission, fusion, and radioactive decay.

9-12 Students learn that the total amount of energy and matter in closed systems is conserved. They can
describe changes of energy and matter in a system in terms of energy and matter flows into, out of, and
within that system. They also learn that energy cannot be created or destroyed. It only moves between one
place and another place, between objects and/or fields, or between systems. Energy drives the cycling of
matter within and between systems. In nuclear processes, atoms are not conserved, but the total number of

protons plus neutrons is conserved.
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Crosscutting Concepts - Structure and Function

The way in which an object or living thing is shaped and its substructure determine many of its properties and functions.
Structure and Function are complementary properties. “The shape and stability of structures of natural and designed objects are
related to their
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HS-ESS2-5. Plan and conduct an investigation of the properties of water and its effects on Earth

materials and surface processes.

9-12 Students investigate systems by examining the properties of different materials, the structures of different components,
and their interconnections to reveal the system’s function and/or solve a problem. They infer the functions and properties of
natural and designed objects and systems from their overall structure, the way their components are shaped and used, and
the molecular sub-structures of their various materials.
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Crosscutting Concepts — Stability and Change
For natural and built systems alike, conditions of stability and determinants of rates of change or evolution of a system are critical
elements of study. Stability and Change are the primary concerns of many, if not most scientific and engineering endeavors.
“Stability denotes a condition in which some aspects of a system are unchanging, at least at the scale of observation. Stability

means that a small disturbance will fade away—that is, the system will stay in, or return to, the stable condition.
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HS-PS1-6. Refine the design of a chemical system by specifying a change in conditions that
would produce increased amounts of products at equilibrium.

9-12 Students understand much of science deals with constructing explanations of how things change and
how they remain stable. They quantify and model changes in systems over very short or very long periods
of time. They see some changes are irreversible, and negative feedback can stabilize a system, while positive

N feedback can destabilize it. Systems can be designed for greater or lesser stability. -
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