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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 S
MS-LS4-1. Analyze and interpret data for patterns in the fossil record that document the

existence, diversity, extinction, and change of life forms throughout the history of life on
Earth under the assumption that natural laws operate today as in the past.

6-8 Students recognize that macroscopic patterns are related to the nature of microscopic and
atomic-level structure. They identify patterns in rates of change and other numerical relationships
that provide information about natural and human designed systems. They use patterns to

identify cause and effect relationships, and use graphs and charts to identify patterns in data.

N\ e

©Sheri Amsel www.exploringnature.org




Crosscutting Concepts —
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

someof the most compelling and productive =

condensation

scientific investigations.

J S
MS-PS1-4. Develop a model that predicts and describes changes in particle motion,

temperature, and state of a pure substance when thermal energy is added or removed.

6-8 Students classify relationships as causal or correlational, and recognize that correlation does
not necessarily imply causation. They use cause and effect relationships to predict phenomena

in natural or designed systems. They also understand that phenomena may have more than one
cause, and some cause and effect relationships in systems can only be described using probability.
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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’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.

Circulatory

Erythrocyte Blood System

(Red Blood Cell) (Connective Tissue)

J S
6-8 MS-LS1-1. Conduct an investigation to provide evidence that living things are made of

cells; either one cell or many different numbers and types of cells.

6-8 Students observe time, space, and energy phenomena at various scales using models to study
systems that are too large or too small. They understand phenomena observed at one scale may
not be observable at another scale, and the function of natural and designed systems may change
with scale. They use proportional relationships (e.g., speed as the ratio of distance traveled

to time taken) to gather information about the magnitude of properties and processes. They

S represent scientific relationships through the use of algebraic expressions and equations. p
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Crosscutting Concepts — Systems and System Models

Defining the system under ‘ \
study—specitying its boundaries ‘
and making explicit a model of Q

that system—provides tools for

understanding and testing ideas

that are applicablethroughout

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.

J

MS-PS2-4. Construct and present arguments using evidence to support the claim that gravitational
interactions are attractive and depend on the masses of interacting objects.

6-8 Students can understand that systems may interact with other systems; they may have sub-systems and
be a part of larger complex systems. They can use models to represent systems and their interactions—such
as inputs, processes and outputs—and energy, matter, and information flows within systems. They can also
learn that models are limited in that they only represent certain 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. aspects of the system under study.
A\ s
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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.

plants open their pores for water, driven by the heat of the
carbon dioxide and lose water water vapor cools and sun, changes into vapor and rises
to evaporation (transpiration) changes back into liquid into the air (evaporation)
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o MS-ESS2-4. Develop a model to describe the energy from the sun and the force of gravity.

6-8 Students learn matter is conserved because atoms are conserved in physical and chemical processes.
They also learn within a natural or designed system, the transfer of energy drives the motion and/or
cycling of matter. Energy may take different forms (e.g. energy in fields, thermal energy, energy of motion).

The transfer of energy can be tracked as energy flows through a designed or natural system.
A\ '
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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 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.

J \
MS-PS4-2. Develop and use a model to describe

that waves are reflected, absorbed, or transmitted

through various materials.

6-8 Students model complex and microscopic
structures and systems and visualize how their
function depends on the shapes, composition,

and relationships among its parts. They analyze
many complex natural and designed structures and
systems to determine how they function. They design
structures to serve particular functions by taking into

account properties of different materials, and how

materials can be shaped and used.
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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 englneerlng 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 conditionsm,

MS-LS2-4. Construct an argument supported by empirical evidence that changes to physical or
biological components of an ecosystem affect populations.

6-8 Students explain stability and change in natural or designed systems by examining changes over time,
and considering forces at different scales, including the atomic scale. Students learn changes in one part of a
system might cause large changes in another part, systems in dynamic equilibrium are stable due to a balance
of feedback mechanisms, and stability might be disturbed by either sudden events or gradual changes that
accumulate over time.
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