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MS-LS3 Heredity: Inheritance and Variation of Traits
MS-LS3 Heredity: Inheritance and Variation of Traits

Students who demonstrate understanding can:
MS-LS3-1.
Develop and use a model to describe why structural changes to genes (mutations) located on chromosomes may affect proteins and may result in harmful, beneficial, or neutral effects to the structure and function of the organism. [Clarification Statement: Emphasis is on conceptual understanding that
changes in genetic material may result in making different proteins.] [Assessment Boundary: Assessment does not include specific changes at the molecular level, mechanisms for protein synthesis, or specific types of mutations.]
The performance expectation(s) above were developed using the following elements from the National Research Council (NRC) document A Framework for K–12 Science
Education:

Science and Engineering Practices
Developing and Using Models
Modeling in 6–8 builds on K–5 experiences and progresses to developing, using, and revising models to
describe, test, and predict more abstract phenomena
and design systems.
§ Develop and use a model to describe phenomena.
(MS-LS3-1)

Grade Eight: Preferred Integrated Course Model

Disciplinary Core Ideas

Crosscutting Concepts

LS3.A: Inheritance of Traits
Structure and Function
§ Genes are located in the chromosomes of cells,
§ Complex and microscopic structures and systems
with each chromosome pair containing two variants
can be visualized, modeled, and used to describe
of each of many distinct genes. Each distinct gene
how their function depends on the shapes, compochiefly controls the production of specific proteins,
sition, and relationships among its parts; therefore,
which in turn affects the traits of the individual.
complex natural and designed structures/systems
Changes (mutations) to genes can result in changcan be analyzed to determine how they function.
es to proteins, which can affect the structures and
(MS-LS3-1)
functions of the organism and thereby change traits.
(MS-LS3-1)
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MS-LS3 Heredity: Inheritance and Variation of Traits
LS3.B: Variation of Traits
§ In addition to variations that arise from sexual reproduction, genetic information can be altered because
of mutations. Though rare, mutations may result in
changes to the structure and function of proteins.
Some changes are beneficial, others harmful, and
some neutral to the organism. (MS-LS3-1)
Connections to other DCIs in this grade-band: MS.LS1.A (MS-LS3-1)
Articulation across grade-bands: 3.LS3.A (MS-LS3-1); 3.LS3.B (MS-LS3-1); HS.LS1.A (MS-LS3-1); HS.LS1.B (MS-LS3-1); HS.LS3.A (MS-LS3-1); HS.LS3-B (MS-LS3-1)
California Common Core State Standards Connections:
ELA/Literacy –
Cite specific textual evidence to support analysis of science and technical texts. (MS-LS3-1)
RST.6–8.1
RST.6–8.4
Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are used in a specific scientific or technical context
relevant to grades 6–8 texts and topics. (MS-LS3-1)
Integrate quantitative or technical information expressed in words in a text with a version of that information expressed visually (e.g., in a flowchart, diagram,
RST.6–8.7
model, graph, or table). (MS-LS3-1)
Integrate multimedia and visual displays into presentations to clarify information, strengthen claims and evidence, and add interest. (MS-LS3-1)
SL.8.5

*T he performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or Disciplinary Core Idea.
The section titled “Disciplinary Core Ideas” is reproduced verbatim from A Framework for K–12 Science Education: Practices, Crosscutting Concepts, and Core Ideas.
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MS-LS4 Biological Evolution: Unity and Diversity
MS-LS4 Biological Evolution: Unity and Diversity

Students who demonstrate understanding can:
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. [Clarification Statement: Emphasis is on finding patterns of changes
in the level of complexity of anatomical structures in organisms and the chronological order of fossil appearance in the rock layers.] [Assessment Boundary:
Assessment does not include the names of individual species or geological eras in the fossil record.]
Apply scientific ideas to construct an explanation for the anatomical similarities and differences among modern organisms and between modern and fosMS-LS4-2.
sil organisms to infer evolutionary relationships. [Clarification Statement: Emphasis is on explanations of the evolutionary relationships among organisms in
terms of similarity or differences of the gross appearance of anatomical structures.]
Analyze displays of pictorial data to compare patterns of similarities in the embryological development across multiple species to identify relationships
MS-LS4-3.
not evident in the fully formed anatomy. [Clarification Statement: Emphasis is on inferring general patterns of relatedness among embryos of different
organisms by comparing the macroscopic appearance of diagrams or pictures.] [Assessment Boundary: Assessment of comparisons is limited to gross
appearance of anatomical structures in embryological development.]
Construct an explanation based on evidence that describes how genetic variations of traits in a population increase some individuals’ probability of survivMS-LS4-4.
ing and reproducing in a specific environment. [Clarification Statement: Emphasis is on using simple probability statements and proportional reasoning to
construct explanations.]
Gather and synthesize information about the technologies that have changed the way humans influence the inheritance of desired traits in organisms.
MS-LS4-5.
[Clarification Statement: Emphasis is on synthesizing information from reliable sources about the influence of humans on genetic outcomes in artificial selection (such as genetic modification, animal husbandry, gene therapy); and, on the impacts these technologies have on society as well as the technologies
leading to these scientific discoveries.]
Use mathematical representations to support explanations of how natural selection may lead to increases and decreases of specific traits in populations
MS-LS4-6.
over time. [Clarification Statement: Emphasis is on using mathematical models, probability statements, and proportional reasoning to support explanations
of trends in changes to populations over time.] [Assessment Boundary: Assessment does not include Hardy Weinberg calculations.]
The performance expectation(s) above were developed using the following elements from the NRC document A Framework for K–12 Science Education:

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or Disciplinary Core Idea.
The section titled “Disciplinary Core Ideas” is reproduced verbatim from A Framework for K–12 Science Education: Practices, Crosscutting Concepts, and Core Ideas.
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MS-LS4 Biological Evolution: Unity and Diversity
Science and Engineering Practices

Disciplinary Core Ideas

Analyzing and Interpreting Data
LS4.A: Evidence of Common Ancestry and Diversity
Analyzing data in 6–8 builds on K–5 experiences
§ The collection of fossils and their placement in
and progresses to extending quantitative analysis to
chronological order (e.g., through the location of
investigations, distinguishing between correlation and
the sedimentary layers in which they are found or
causation, and basic statistical techniques of data and
through radioactive dating) is known as the fossil
error analysis.
record. It documents the existence, diversity, extinc§ Analyze displays of data to identify linear and nontion, and change of many life forms throughout the
linear relationships. (MS-LS4-3)
history of life on Earth. (MS-LS4-1)
§ Analyze and interpret data to determine similarities
§ Anatomical similarities and differences between
and differences in findings. (MS-LS4-1)
various organisms living today and between them
Using Mathematics and Computational Thinking
and organisms in the fossil record enable the reconMathematical and computational thinking in 6–8 builds
struction of evolutionary history and the inference of
on K–5 experiences and progresses to identifying
lines of evolutionary descent. (MS-LS4-2)
patterns in large data sets and using mathematical
§ Comparison of the embryological development of
different species also reveals similarities that show
concepts to support explanations and arguments.
§ Use mathematical representations to support scienrelationships not evident in the fully formed anatotific conclusions and design solutions. (MS-LS4-6)
my. (MS-LS4-3)
Constructing Explanations and Designing Solutions
LS4.B: Natural Selection
Constructing explanations and designing solutions
§ Natural selection leads to the predominance of
in 6–8 builds on K–5 experiences and progresses
certain traits in a population, and the suppression of
to include constructing explanations and designing
others. (MS-LS4-4)
§ In artificial selection, humans have the capacity to
solutions supported by multiple sources of evidence
influence certain characteristics of organisms by
consistent with scientific ideas, principles, and theories.
§ Apply scientific ideas to construct an explanation for
selective breeding. One can choose desired parental
real-world phenomena, examples, or events. (MStraits determined by genes, which are then passed
LS4-2)
on to offspring. (MS-LS4-5)
§ Construct an explanation that includes qualitative
or quantitative relationships between variables that
describe phenomena. (MS-LS4-4)

Crosscutting Concepts
Patterns
§ Patterns can be used to identify cause and effect
relationships. (MS-LS4-2)
§ Graphs, charts, and images can be used to identify
patterns in data. (MS-LS4-1), (MS-LS4-3)
Cause and Effect
§ Phenomena may have more than one cause, and
some cause and effect relationships in systems can
only be described using probability. (MS-LS4-4),
(MS-LS4-5), (MS-LS4-6)
Connections to Engineering, Technology, and
Applications of Science
Interdependence of Science, Engineering, and
Technology
§ Engineering advances have led to important discoveries in virtually every field of science, and scientific
discoveries have led to the development of entire
industries and engineered systems. (MS-LS4-5)
Connections to Nature of Science
Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
§ Science assumes that objects and events in natural
systems occur in consistent patterns that are understandable through measurement and observation.
(MS-LS4-1), (MS-LS4-2)

*T he performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or Disciplinary Core Idea.
The section titled “Disciplinary Core Ideas” is reproduced verbatim from A Framework for K–12 Science Education: Practices, Crosscutting Concepts, and Core Ideas.
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MS-LS4 Biological Evolution: Unity and Diversity
Obtaining, Evaluating, and Communicating Information LS4.C: Adaptation
§ Adaptation by natural selection acting over generObtaining, evaluating, and communicating information
ations is one important process by which species
in 6–8 builds on K–5 experiences and progresses to
change over time in response to changes in envievaluating the merit and validity of ideas and methods.
§ Gather, read, and synthesize information from mulronmental conditions. Traits that support successful
tiple appropriate sources and assess the credibility,
survival and reproduction in the new environment
accuracy, and possible bias of each publication and
become more common; those that do not become
methods used, and describe how they are supported
less common. Thus, the distribution of traits in a
or not supported by evidence. (MS-LS4-5)
population changes. (MS-LS4-6)

Science Addresses Questions About the Natural and
Material World
§ Science knowledge can describe consequences of
actions but does not make the decisions that society takes. (MS-LS4-5)

Connections to Nature of Science
Scientific Knowledge is Based on Empirical Evidence
§ Science knowledge is based upon logical and conceptual connections between evidence and explanations. (MS-LS4-1)
California Environmental Principles and Concepts aligned to the CA NGSS: (MS-LS4-1), (MS-LS4-2), (MS-LS4-6)
Principle II: The long-term functioning and health of terrestrial, freshwater, coastal, and marine ecosystems are influenced by their relationships with human societies.
Connections to other DCIs in this grade-band: MS.LS2.A (MS-LS4-3), (MS-LS4-6); MS.LS2.C (MS-LS4-6); MS.LS3.A (MS-LS4-2), (MS-LS4-3); MS.LS3.B (MS-LS4-2),
(MS-LS4-3), (MS-LS4-6); MS.ESS1.C (MS-LS4-1), (MS-LS4-2), (MS-LS4-6); MS.ESS2.B (MS-LS4-1)
Articulation across grade-bands: 3.LS3.B (MS-LS4-4); 3.LS4.A (MS-LS4-1), (MS-LS4-2); 3. LS4.B (MS-LS4-4); 3.LS4.C (MS-LS4-6); HS.LS2.A (MS-LS4-4), (MS-LS4-6);
HS.LS2.C (MS-LS4-6); HS.LS3.B (MS-LS4-4), (MS-LS4-5), (MS-LS4-6); HS.LS4.A (MS-LS4-1), (MS-LS4-2), (MS-LS4-3); HS.LS4.B (MS-LS4-4), (MS-LS4-6); HS.LS4.C
(MS-LS4-4), (MS-LS4-5), (MS-LS4-6); HS.ESS1.C (MS-LS4-1), (MS-LS4-2)

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or Disciplinary Core Idea.
The section titled “Disciplinary Core Ideas” is reproduced verbatim from A Framework for K–12 Science Education: Practices, Crosscutting Concepts, and Core Ideas.
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MS-LS4 Biological Evolution: Unity and Diversity
California Common Core State Standards Connections:
ELA/Literacy –
RST.6–8.1
Cite specific textual evidence to support analysis of science and technical texts. (MS-LS4-1), (MS-LS4-2), (MS-LS4-3), (MS-LS4-4), (MS-LS4-5)
RST.6–8.7
Integrate quantitative or technical information expressed in words in a text with a version of that information expressed visually (e.g., in a flowchart, diagram, model, graph, or table). (MS-LS4-1), (MS-LS4-3)
RST.6–8.9
Compare and contrast the information gained from experiments, simulations, video, or multimedia sources with that gained from reading a text on the
same topic. (MS-LS4-3), (MS-LS4-4)
WHST.6–8.2.a–f Write informative/explanatory texts to examine a topic and convey ideas, concepts, and information through the selection, organization, and analysis of
relevant content. (MS-LS4-2), (MS-LS4-4)
WHST.6–8.8
Gather relevant information from multiple print and digital sources (primary and secondary), using search terms effectively; assess the credibility and accuracy of each source; and quote or paraphrase the data and conclusions of others while avoiding plagiarism and following a standard format for citation.
CA (MS-LS4-5)
WHST.6–8.9
Draw evidence from informational texts to support analysis, reflection, and research. (MS-LS4-2), (MS-LS4-4)
SL.8.1.a–d
Engage effectively in a range of collaborative discussions (one-on-one, in groups, teacher-led) with diverse partners on grade 8 topics, texts, and issues,
building on others’ ideas and expressing their own clearly. (MS-LS4-2), (MS-LS4-4)
SL.8.4
Present claims and findings (e.g., argument, narrative, response to literature presentations), emphasizing salient points in a focused, coherent manner
with relevant evidence, sound valid reasoning, and well-chosen details; use appropriate eye contact, adequate volume, and clear pronunciation. CA
a. Plan and present a narrative that: establishes a context and point of view, presents a logical sequence, uses narrative techniques (e.g., dialogue,
pacing, description, sensory language), uses a variety of transitions, and provides a conclusion that reflects the experience. CA (MS-LS4-2), (MSLS4-4)
Mathematics –
MP.4
Model with mathematics. (MS-LS4-6)
6.RP.1
Understand the concept of a ratio and use ratio language to describe a ratio relationship between two quantities. (MS-LS4-4), (MS-LS4-6)
7.RP.2.a–d
Recognize and represent proportional relationships between quantities. (MS-LS4-4), (MS-LS4-6)
6.SP.5.a–d
Summarize numerical data sets in relation to their context. (MS-LS4-4), (MS-LS4-6)
6.EE.6
Use variables to represent numbers and write expressions when solving a real-world or mathematical problem; understand that a variable can represent
an unknown number, or, depending on the purpose at hand, any number in a specified set. (MS-LS4-1), (MS-LS4-2)

*T he performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or Disciplinary Core Idea.
The section titled “Disciplinary Core Ideas” is reproduced verbatim from A Framework for K–12 Science Education: Practices, Crosscutting Concepts, and Core Ideas.
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MS-ESS1 Earth’s Place in the Universe
MS-ESS1 Earth’s Place in the Universe

Students who demonstrate understanding can:
MS-ESS1-1. Develop and use a model of the Earth-sun-moon system to describe the cyclic patterns of lunar phases, eclipses of the sun and moon, and seasons. [Clarification Statement: Examples of models can be physical, graphical, or conceptual.]
MS-ESS1-2. Develop and use a model to describe the role of gravity in the motions within galaxies and the solar system. [Clarification Statement: Emphasis for the
model is on gravity as the force that holds together the solar system and Milky Way galaxy and controls orbital motions within them. Examples of models can
be physical (such as the analogy of distance along a football field or computer visualizations of elliptical orbits) or conceptual (such as mathematical proportions relative to the size of familiar objects such as their school or state).] [Assessment Boundary: Assessment does not include Kepler’s Laws of orbital
motion or the apparent retrograde motion of the planets as viewed from Earth.]
MS-ESS1-3. Analyze and interpret data to determine scale properties of objects in the solar system. [Clarification Statement: Emphasis is on the analysis of data from
Earth-based instruments, space-based telescopes, and spacecraft to determine similarities and differences among solar system objects. Examples of scale
properties include the sizes of an object’s layers (such as crust and atmosphere), surface features (such as volcanoes), and orbital radius. Examples of data
include statistical information, drawings and photographs, and models.] [Assessment Boundary: Assessment does not include recalling facts about properties of the planets and other solar system bodies.]
MS-ESS1-4. Construct a scientific explanation based on evidence from rock strata for how the geologic time scale is used to organize Earth’s 4.6-billion-year-old history. [Clarification Statement: Emphasis is on how analyses of rock formations and the fossils they contain are used to establish relative ages of major events
in Earth’s history. Examples of Earth’s major events could range from being very recent (such as the last Ice Age or the earliest fossils of homo sapiens) to
very old (such as the formation of Earth or the earliest evidence of life). Examples can include the formation of mountain chains and ocean basins, the
evolution or extinction of particular living organisms, or significant volcanic eruptions.] [Assessment Boundary: Assessment does not include recalling the
names of specific periods or epochs and events within them.]
The performance expectation(s) above were developed using the following elements from the NRC document A Framework for K–12 Science Education:

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or Disciplinary Core Idea.
The section titled “Disciplinary Core Ideas” is reproduced verbatim from A Framework for K–12 Science Education: Practices, Crosscutting Concepts, and Core Ideas.
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MS-ESS1 Earth’s Place in the Universe
Science and Engineering Practices

Disciplinary Core Ideas

Developing and Using Models
ESS1.A: The Universe and Its Stars
Modeling in 6–8 builds on K–5 experiences and pro§ Patterns of the apparent motion of the sun, the
gresses to developing, using, and revising models to
moon, and stars in the sky can be observed,
describe, test, and predict more abstract phenomena
described, predicted, and explained with models.
and design systems.
(MS-ESS1-1)
§ Develop and use a model to describe phenomena.
§ Earth and its solar system are part of the Milky Way
(MS-ESS1-1), (MS-ESS1-2)
galaxy, which is one of many galaxies in the universe.
Analyzing and Interpreting Data
(MS-ESS1-2)
Analyzing data in 6–8 builds on K–5 experiences
ESS1.B: Earth and the Solar System
§ The solar system consists of the sun and a collecand progresses to extending quantitative analysis to
tion of objects, including planets, their moons, and
investigations, distinguishing between correlation and
asteroids that are held in orbit around the sun by
causation, and basic statistical techniques of data and
its gravitational pull on them. (MS-ESS1-2), (MSerror analysis.
§ Analyze and interpret data to determine similarities
ESS1-3)
and differences in findings. (MS-ESS1-3)
§ This model of the solar system can explain eclipses
Constructing Explanations and Designing Solutions
of the sun and the moon. Earth’s spin axis is fixed
Constructing explanations and designing solutions
in direction over the short-term but tilted relative to
in 6–8 builds on K–5 experiences and progresses
its orbit around the sun. The seasons are a result of
to include constructing explanations and designing
that tilt and are caused by the differential intensity
solutions supported by multiple sources of evidence
of sunlight on different areas of Earth across the
consistent with scientific ideas, principles, and theories.
year. (MS-ESS1-1)
§ Construct a scientific explanation based on val§ The solar system appears to have formed from a
id and reliable evidence obtained from sources
disk of dust and gas, drawn together by gravity. (MS(including the students’ own experiments) and the
ESS1-2)
assumption that theories and laws that describe
ESS1.C: The History of Planet Earth
§ The geologic time scale interpreted from rock strata
the natural world operate today as they did in the
provides a way to organize Earth’s history. Analyses
past and will continue to do so in the future. (MSof rock strata and the fossil record provide only relaESS1-4)
tive dates, not an absolute scale. (MS-ESS1-4)

Crosscutting Concepts
Patterns
§ Patterns can be used to identify cause-and-effect
relationships. (MS-ESS1-1)
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. (MS-ESS1-3),
(MS-ESS1-4)
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. (MS-ESS1-2)
Connections to Engineering, Technology, and
Applications of Science
Interdependence of Science, Engineering, and
Technology
§ Engineering advances have led to important discoveries in virtually every field of science and scientific
discoveries have led to the development of entire
industries and engineered systems. (MS-ESS1-3)
Connections to Nature of Science
Scientific Knowledge Assumes an Order and
Consistency in Natural Systems
§ Science assumes that objects and events in natural
systems occur in consistent patterns that are understandable through measurement and observation.
(MS-ESS1-1), (MS-ESS1-2)

*T he performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or Disciplinary Core Idea.
The section titled “Disciplinary Core Ideas” is reproduced verbatim from A Framework for K–12 Science Education: Practices, Crosscutting Concepts, and Core Ideas.
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MS-ESS1 Earth’s Place in the Universe
Connections to other DCIs in this grade-band: MS.PS2.A (MS-ESS1-1), (MS-ESS1-2); MS.PS2.B (MS-ESS1-1), (MS-ESS1-2); MS.LS4.A (MS-ESS1-4); MS.LS4.C (MSESS1-4); MS.ESS2.A (MS-ESS1-3)
Articulation of DCIs across grade-bands: 3.PS2.A (MS-ESS1-1), (MS-ESS1-2); 3.LS4.A (MS-ESS1-4); 3.LS4.C (MS-ESS1-4); 3.LS4.D (MS-ESS1-4); 4.ESS1.C (MSESS1-4); 5.PS2.B (MS-ESS1-1), (MS-ESS1-2); 5.ESS1.A (MS-ESS1-2); 5.ESS1.B (MS-ESS1-1), (MS-ESS1-2), (5-ESS1-3); HS.PS1.C (MS-ESS1-4); HS.PS2.A (MSESS1-1), (MS-ESS1-2); HS.PS2.B (MS-ESS1-1), (MS-ESS1-2); HS.LS4.A (MS-ESS1-4); HS.LS4.C (MS-ESS1-4); HS.ESS1.A (MS-ESS1-2); HS.ESS1.B (MS-ESS1-1),
(MS-ESS1-2), (MS-ESS1-3); HS.ESS1.C (MS-ESS1-4); HS.ESS2.A (MS-ESS1-3), (MS-ESS1-4)
California Common Core State Standards Connections:
ELA/Literacy –
RST.6–8.1
Cite specific textual evidence to support analysis of science and technical texts. (MS-ESS1-3), (MS-ESS1-4)
RST.6–8.7
Integrate quantitative or technical information expressed in words in a text with a version of that information expressed visually (e.g., in a flowchart, diagram,
model, graph, or table). (MS-ESS1-3)
WHST.6–8.2 Write informative/explanatory texts, including the narration of historical events, scientific procedures/experiments, or technical processes. (MS-ESS1-4)
SL.8.5
Integrate multimedia and visual displays into presentations to clarify information, strengthen claims and evidence, and add interest. (MS-ESS1-1), (MSESS1-2)
Mathematics –
MP.2
Reason abstractly and quantitatively. (MS-ESS1-3)
MP.4
Model with mathematics. (MS-ESS1-1), (MS-ESS1-2)
6.RP.1
Understand the concept of a ratio and use ratio language to describe a ratio relationship between two quantities. For example, “The ratio of wings to
beaks in the bird house at the zoo was 2:1, because for every 2 wings there was 1 beak.” “For every vote candidate A received, candidate C received
nearly three votes.” (MS-ESS1-1), (MS-ESS1-2), (MS-ESS1-3)
7.RP.2.a–d
Recognize and represent proportional relationships between quantities. (MS-ESS1-1), (MS-ESS1-2), (MS-ESS1-3)
6.EE.6
Use variables to represent numbers and write expressions when solving a real-world or mathematical problem; understand that a variable can represent an
unknown number, or, depending on the purpose at hand, any number in a specified set. (MS-ESS1-2), (MS-ESS1-4)
7.EE.4.a–b
Use variables to represent quantities in a real-world or mathematical problem, and construct simple equations and inequalities to solve problems by reasoning about the quantities. (MS-ESS1-2), (MS-ESS1-4)

*The performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or Disciplinary Core Idea.
The section titled “Disciplinary Core Ideas” is reproduced verbatim from A Framework for K–12 Science Education: Practices, Crosscutting Concepts, and Core Ideas.

Grade Eight: Preferred Integrated Course Model

Grade-Level Standards | 143

MS-ESS3 Earth and Human Activity
MS-ESS3 Earth and Human Activity

Students who demonstrate understanding can:
MS-ESS3-4. Construct an argument supported by evidence for how increases in human population and per-capita consumption of natural resources impact Earth’s
systems. [Clarification Statement: Examples of evidence include grade-appropriate databases on human populations and the rates of consumption of food
and natural resources (such as freshwater, mineral, and energy). Examples of impacts can include changes to the appearance, composition, and structure of
Earth’s systems as well as the rates at which they change. The consequences of increases in human populations and consumption of natural resources are
described by science, but science does not make the decisions for the actions society takes.]
The performance expectation(s) above were developed using the following elements from the NRC document A Framework for K–12 Science Education:

Science and Engineering Practices
Engaging in Argument from Evidence
Engaging in argument from evidence in 6–8 builds
on K–5 experiences and progresses to constructing a
convincing argument that supports or refutes claims for
either explanations or solutions about the natural and
designed world(s).
§ Construct an oral and written argument supported
by empirical evidence and scientific reasoning to
support or refute an explanation or a model for
a phenomenon or a solution to a problem. (MSESS3-4)

Disciplinary Core Ideas

Crosscutting Concepts

ESS3.C: Human Impacts on Earth Systems
Cause and Effect
§ Typically as human populations and per-capita
§ Cause and effect relationships may be used to
consumption of natural resources increase, so do
predict phenomena in natural or designed systems.
the negative impacts on Earth unless the activities
(MS-ESS3-4)
and technologies involved are engineered otherwise.
Connections to Engineering, Technology, and
(MS-ESS3-4)
Applications of Science
Influence of Science, Engineering, and Technology on
Society and the Natural World
§ All human activity draws on natural resources and
has both short and long-term consequences, positive as well as negative, for the health of people and
the natural environment. (MS-ESS3-4)
Connections to Nature of Science
Science Addresses Questions About the Natural and
Material World
§ Science knowledge can describe consequences
of actions but does not necessarily prescribe the
decisions that society takes. (MS-ESS3-4)

*T he performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or Disciplinary Core Idea.
The section titled “Disciplinary Core Ideas” is reproduced verbatim from A Framework for K–12 Science Education: Practices, Crosscutting Concepts, and Core Ideas.
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MS-ESS3 Earth and Human Activity
California Environmental Principles and Concepts aligned to the CA NGSS: (MS-ESS3-4)
Principle I: The continuation and health of individual human lives and of human communities and societies depend on the health of the natural systems that provide essential goods and ecosystem services.
Principle II: The long-term functioning and health of terrestrial, freshwater, coastal, and marine ecosystems are influenced by their relationships with human societies.
Connections to other DCIs in this grade-band: MS.LS2.A (MS-ESS3-4); MS.LS2.C (MS-ESS3-4); MS.LS4.D (MS-ESS3-4)
Articulation of DCIs across grade-bands: 3.LS2.C (MS-ESS3-4); 3.LS4.D (MS-ESS3-4); 5.ESS3.C (MS-ESS3-4); HS.LS2.A (MS-ESS3-4); HS.LS2.C (MS-ESS3-4);
HS.LS4.C (MS-ESS3-4); HS.LS4.D (MS-ESS3-4); HS.ESS2.E (MS-ESS3-4); HS.ESS3.A (MS-ESS3-4); HS.ESS3.C (MS-ESS3-4)
California Common Core State Standards Connections:
ELA/Literacy –
RST.6–8.1
Cite specific textual evidence to support analysis of science and technical texts. (MS-ESS3-4)
WHST.6–8.1.a–e Write arguments focused on discipline-specific content. (MS-ESS3-4)
WHST.6–8.9
Draw evidence from informational texts to support analysis, reflection, and research. (MS-ESS3-4)
Mathematics –
6.RP.1
Understand the concept of a ratio and use ratio language to describe a ratio relationship between two quantities. For example, “The ratio of wings to
beaks in the bird house at the zoo was 2:1, because for every 2 wings there was 1 beak.” “For every vote candidate A received, candidate C received
nearly three votes.” (MS-ESS3-4)
7.RP.2.a–d
Recognize and represent proportional relationships between quantities. (MS-ESS3-4)
6.EE.6
Use variables to represent numbers and write expressions when solving a real-world or mathematical problem; understand that a variable can represent
an unknown number, or, depending on the purpose at hand, any number in a specified set. (MS-ESS3-4)
7.EE.4.a–b
Use variables to represent quantities in a real-world or mathematical problem, and construct simple equations and inequalities to solve problems by
reasoning about the quantities. (MS-ESS3-4)
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MS-PS2 Motion and Stability: Forces and Interactions
MS-PS2 Motion and Stability: Forces and Interactions

Students who demonstrate understanding can:
MS-PS2-1.
Apply Newton’s Third Law to design a solution to a problem involving the motion of two colliding objects.* [Clarification Statement: Examples of practical
problems could include the impact of collisions between two cars, between a car and stationary objects, and between a meteor and a space vehicle.] [Assessment Boundary: Assessment is limited to vertical or horizontal interactions in one dimension.]
Plan an investigation to provide evidence that the change in an object’s motion depends on the sum of the forces on the object and the mass of the
MS-PS2-2.
object. [Clarification Statement: Emphasis is on balanced (Newton’s First Law) and unbalanced forces in a system, qualitative comparisons of forces, mass
and changes in motion (Newton’s Second Law), frame of reference, and specification of units.] [Assessment Boundary: Assessment is limited to forces and
changes in motion in one dimension in an inertial reference frame and to change in one variable at a time. Assessment does not include the use of trigonometry.]
Ask questions about data to determine the factors that affect the strength of electric and magnetic forces. [Clarification Statement: Examples of devices
MS-PS2-3.
that use electric and magnetic forces could include electromagnets, electric motors, or generators. Examples of data could include the effect of the number
of turns of wire on the strength of an electromagnet, or the effect of increasing the number or strength of magnets on the speed of an electric motor.] [Assessment Boundary: Assessment about questions that require quantitative answers is limited to proportional reasoning and algebraic thinking.]
Construct and present arguments using evidence to support the claim that gravitational interactions are attractive and depend on the masses of interMS-PS2-4.
acting objects. [Clarification Statement: Examples of evidence for arguments could include data generated from simulations or digital tools; and charts
displaying mass, strength of interaction, distance from the Sun, and orbital periods of objects within the solar system.] [Assessment Boundary: Assessment
does not include Newton’s Law of Gravitation or Kepler’s Laws.]
Conduct an investigation and evaluate the experimental design to provide evidence that fields exist between objects exerting forces on each other even
MS-PS2-5.
though the objects are not in contact. [Clarification Statement: Examples of this phenomenon could include the interactions of magnets, electrically charged
strips of tape, and electrically charged pith balls. Examples of investigations could include first-hand experiences or simulations.] [Assessment Boundary:
Assessment is limited to electric and magnetic fields, and is limited to qualitative evidence for the existence of fields.]
The performance expectation(s) above were developed using the following elements from the NRC document A Framework for K–12 Science Education:

Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

Asking Questions and Defining Problems
Asking questions and defining problems in grades 6–8
builds from grades K–5 experiences and progresses to
specifying relationships between variables, and clarifying arguments and models.

PS2.A: Forces and Motion
§ For any pair of interacting objects, the force exerted
by the first object on the second object is equal in
strength to the force that the second object exerts
on the first, but in the opposite direction (Newton’s
Third Law). (MS-PS2-1)

Cause and Effect
§ Cause and effect relationships may be used to
predict phenomena in natural or designed systems.
(MS-PS2-3), (MS-PS2-5)
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MS-PS2 Motion and Stability: Forces and Interactions
§ Ask questions that can be investigated within the
§ The motion of an object is determined by the sum
scope of the classroom, outdoor environment, and
of the forces acting on it; if the total force on the
museums and other public facilities with available
object is not zero, its motion will change. The greater
resources and, when appropriate, frame a hypothethe mass of the object, the greater the force needed
sis based on observations and scientific principles.
to achieve the same change in motion. For any given
(MS-PS2-3)
object, a larger force causes a larger change in
Planning and Carrying Out Investigations
motion. (MS-PS2-2)
§ All positions of objects and the directions of forces
Planning and carrying out investigations to answer
and motions must be described in an arbitrarily choquestions or test solutions to problems in 6–8 builds on
sen reference frame and arbitrarily chosen units of
K–5 experiences and progresses to include investigasize. In order to share information with other people,
tions that use multiple variables and provide evidence
these choices must also be shared. (MS-PS2-2)
to support explanations or design solutions.
PS2.B: Types of Interactions
§ Plan an investigation individually and collabora§ Electric and magnetic (electromagnetic) forces can
tively, and in the design: identify independent and
be attractive or repulsive, and their sizes depend on
dependent variables and controls, what tools are
the magnitudes of the charges, currents, or magnetneeded to do the gathering, how measurements
ic strengths involved and on the distances between
will be recorded, and how many data are needed to
the interacting objects. (MS-PS2-3)
support a claim. (MS-PS2-2)
§ Gravitational forces are always attractive. There is a
§ Conduct an investigation and evaluate the experigravitational force between any two masses, but it is
mental design to produce data to serve as the basis
very small except when one or both of the objects
for evidence that can meet the goals of the investihave large mass—e.g., Earth and the sun. (MSgation. (MS-PS2-5)
PS2-4)
Constructing Explanations and Designing Solutions
§ Forces that act at a distance (electric, magnetic,
Constructing explanations and designing solutions
and gravitational) can be explained by fields that
in 6–8 builds on K–5 experiences and progresses
extend through space and can be mapped by their
to include constructing explanations and designing
effect on a test object (a charged object, or a ball,
solutions supported by multiple sources of evidence
respectively). (MS-PS2-5)
consistent with scientific ideas, principles, and theories.
§ Apply scientific ideas or principles to design an
object, tool, process or system. (MS-PS2-1)

Systems and System Models
§ Models can be used to represent systems and their
interactions—such as inputs, processes and outputs—and energy and matter flows within systems.
(MS-PS2-1), (MS-PS2-4),
Stability and Change
§ Explanations of stability and change in natural or
designed systems can be constructed by examining
the changes over time and forces at different scales.
(MS-PS2-2)
Connections to Engineering, Technology, and
Applications of Science
Influence of Science, Engineering, and Technology on
Society and the Natural World
§ The uses of technologies and any limitations on
their use are driven by individual or societal needs,
desires, and values; by the findings of scientific
research; and by differences in such factors as climate, natural resources, and economic conditions.
(MS-PS2-1)
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MS-PS2 Motion and Stability: Forces and Interactions
Engaging in Argument from Evidence
Engaging in argument from evidence in 6–8 builds
from K–5 experiences and progresses to constructing a
convincing argument that supports or refutes claims for
either explanations or solutions about the natural and
designed world.
§ Construct and present oral and written arguments
supported by empirical evidence and scientific
reasoning to support or refute an explanation or a
model for a phenomenon or a solution to a problem.
(MS-PS2-4)
Connections to Nature of Science
Scientific Knowledge is Based on Empirical Evidence
§ Science knowledge is based upon logical and conceptual connections between evidence and explanations. (MS-PS2-2), (MS-PS2-4)
Connections to other DCIs in this grade-band: MS.PS3.A (MS-PS2-2); MS.PS3.B (MS-PS2-2); MS.PS3.C (MS-PS2-1); MS.ESS1.A (MS-PS2-4); MS.ESS1.B (MS-PS2-4);
MS.ESS2.C (MS-PS2-2), (MS-PS2-4)
Articulation across grade-bands: 3.PS2.A (MS-PS2-1), (MS-PS2-2); 3.PS2.B (MS-PS2-3), (MS-PS2-5); 5.PS2.B (MS-PS2-4); HS.PS2.A (MS-PS2-1), (MS-PS2-2);
HS.PS2.B (MS-PS2-3), (MS-PS2-4), (MS-PS2-5); HS.PS3.A (MS-PS2-5); HS.PS3.B (MS-PS2-2), (MS-PS2-5); HS.PS3.C (MS-PS2-5); HS.ESS1.B (MS-PS2-4)
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MS-PS2 Motion and Stability: Forces and Interactions
California Common Core State Standards Connections:
ELA/Literacy –
RST.6–8.1
Cite specific textual evidence to support analysis of science and technical texts, attending to the precise details of explanations or descriptions (MSPS2-1), (MS-PS2-3)
RST.6–8.3
Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing technical tasks. (MS-PS2-1), (MS-PS2-2),
(MS-PS2-5)
WHST.6–8.1.a–e Write arguments focused on discipline-specific content. (MS-PS2-4)
WHST.6–8.7
Conduct short research projects to answer a question (including a self-generated question), drawing on several sources and generating additional related,
focused questions that allow for multiple avenues of exploration. (MS-PS2-1), (MS-PS2-2), (MS-PS2-5)
Mathematics –
MP.2
Reason abstractly and quantitatively. (MS-PS2-1), (MS-PS2-2), (MS-PS2-3)
6.NS.5
Understand that positive and negative numbers are used together to describe quantities having opposite directions or values (e.g., temperature above/
below zero, elevation above/below sea level, credits/debits, positive/negative electric charge); use positive and negative numbers to represent quantities
in real-world contexts, explaining the meaning of 0 in each situation. (MS-PS2-1)
6.EE.2.a–c
Write, read, and evaluate expressions in which letters stand for numbers. (MS-PS2-1), (MS-PS2-2)
7.EE.3–4
Solve real-life and mathematical problems using numerical and algebraic expressions and equations. (MS-PS2-1), (MS-PS2-2)
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MS-PS3 Energy
MS-PS3 Energy

Students who demonstrate understanding can:
MS-PS3-1.
Construct and interpret graphical displays of data to describe the relationships of kinetic energy to the mass of an object and to the speed of an object.
[Clarification Statement: Emphasis is on descriptive relationships between kinetic energy and mass separately from kinetic energy and speed. Examples
could include riding a bicycle at different speeds, rolling different sizes of rocks downhill, and getting hit by a wiffle ball versus a tennis ball.]
MS-PS3-2.
Develop a model to describe that when the arrangement of objects interacting at a distance changes, different amounts of potential energy are stored in
the system. [Clarification Statement: Emphasis is on relative amounts of potential energy, not on calculations of potential energy. Examples of objects within
systems interacting at varying distances could include: the Earth and either a roller coaster cart at varying positions on a hill or objects at varying heights
on shelves, changing the direction/orientation of a magnet, and a balloon with static electrical charge being brought closer to a classmate’s hair. Examples
of models could include representations, diagrams, pictures, and written descriptions of systems.] [Assessment Boundary: Assessment is limited to two
objects and electric, magnetic, and gravitational interactions.]
The performance expectation(s) above were developed using the following elements from the NRC document A Framework for K–12 Science Education:

Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

Developing and Using Models
PS3.A: Definitions of Energy
Scale, Proportion, and Quantity
Modeling in 6–8 builds on K–5 and progresses to devel- § Motion energy is properly called kinetic energy; it is § Proportional relationships (e.g., speed as the ratio
oping, using and revising models to describe, test, and
proportional to the mass of the moving object and
of distance traveled to time taken) among different
predict more abstract phenomena and design systems.
grows with the square of its speed. (MS-PS3-1)
types of quantities provide information about the
§ Develop a model to describe unobservable mecha§ A system of objects may also contain stored (potenmagnitude of properties and processes. (MS-PS3-1)
nisms. (MS-PS3-2)
tial) energy, depending on their relative positions.
Systems and System Models
Analyzing and Interpreting Data
(MS-PS3-2)
§ Models can be used to represent systems and their
Analyzing data in 6–8 builds on K–5 and progresses to PS3.C: Relationship Between Energy and Forces
interactions—such as inputs, processes, and outextending quantitative analysis to investigations, distin- § When two objects interact, each one exerts a force
puts—and energy and matter flows within systems.
on the other that can cause energy to be transferred
guishing between correlation and causation, and basic
(MS-PS3-2)
to or from the object. (MS-PS3-2)
statistical techniques of data and error analysis.
§ Construct and interpret graphical displays of data
to identify linear and nonlinear relationships. (MSPS3-1)
California Environmental Principles and Concepts aligned to the CA NGSS: (MS-PS3-2)
Principle IV: The exchange of matter between natural systems and human societies affects the long-term functioning of both.
Connections to other DCIs in this grade-band: MS.PS2.A (MS-PS3-1)
*T he performance expectations marked with an asterisk integrate traditional science content with engineering through a Practice or Disciplinary Core Idea.
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MS-PS3 Energy
Articulation across grade-bands: 4.PS3.B (MS-PS3-1); HS.PS2.B (MS-PS3-2); HS.PS3.A (MS-PS3-1); HS.PS3.B (MS-PS3-1), (MS-PS3-2); HS.PS3.C (MS-PS3-2)
California Common Core State Standards Connections:
ELA/Literacy –
RST.6–8.1
Cite specific textual evidence to support analysis of science and technical texts, attending to the precise details of explanations or descriptions (MS-PS3-1)
RST.6–8.7
Integrate quantitative or technical information expressed in words in a text with a version of that information expressed visually (e.g., in a flowchart, diagram,
model, graph, or table). (MS-PS3-1)
SL.8.5
Integrate multimedia and visual displays into presentations to clarify information, strengthen claims and evidence, and add interest. (MS-PS3-2)
Mathematics –
MP.2
Reason abstractly and quantitatively. (MS-PS3-1)
6.RP.1
Understand the concept of ratio and use ratio language to describe a ratio relationship between two quantities. For example, “The ratio of wings to beaks
in the bird house at the zoo was 2:1, because for every 2 wings there was 1 beak.” “For every vote candidate A received, candidate C received nearly three
votes.” (MS-PS3-1)
6.RP.2
Understand the concept of a unit rate a/b associated with a ratio a:b with b ≠ 0, and use rate language in the context of a ratio relationship. For example,
“This recipe has a ratio of 3 cups of flour to 4 cups of sugar, so there is 3/4 cup of flour for each cup of sugar.” “We paid $75 for 15 hamburgers, which is a
rate of $5 per hamburger.” (MS-PS3-1)
7.RP.2.a–d
Recognize and represent proportional relationships between quantities. (MS-PS3-1)
8.EE.1
Know and apply the properties of integer exponents to generate equivalent numerical expressions. For example, 32 × 3–5 = 3–3 = 1/33 = 1/27. (MS-PS3-1)
8.EE.2
Use square root and cube root symbols to represent solutions to equations of the form x2 = p and x3 = p, where p is a positive rational number. Evaluate
square roots of small perfect squares and cube roots of small perfect cubes. Know that √2 is irrational. (MS-PS3-1)
8.F.3
Interpret the equation y = mx + b as defining a linear function, whose graph is a straight line; give examples of functions that are not linear. For example, the
function A = s2 giving the area of a square as a function of its side length is not linear because its graph contains the points (1,1), (2,4) and (3,9), which
are not on a straight line. (MS-PS3-1)
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MS-PS4 Waves and Their Applications in Technologies for Information Transfer
MS-PS4 Waves and Their Applications in Technologies for Information Transfer

Students who demonstrate understanding can:
MS-PS4-1.
Use mathematical representations to describe a simple model for waves that includes how the amplitude of a wave is related to the energy in a wave.
[Clarification Statement: Emphasis is on describing waves with both qualitative and quantitative thinking.] [Assessment Boundary: Assessment does not
include electromagnetic waves and is limited to standard repeating waves.]
Develop and use a model to describe that waves are reflected, absorbed, or transmitted through various materials. [Clarification Statement: Emphasis is
MS-PS4-2.
on both light and mechanical waves. Examples of models could include drawings, simulations, and written descriptions.] [Assessment Boundary: Assessment is limited to qualitative applications pertaining to light and mechanical waves.]
Integrate qualitative scientific and technical information to support the claim that digitized signals are a more reliable way to encode and transmit inforMS-PS4-3.
mation than analog signals. [Clarification Statement: Emphasis is on a basic understanding that waves can be used for communication purposes. Examples
could include using fiber optic cable to transmit light pulses, radio wave pulses in wifi devices, and conversion of stored binary patterns to make sound or
text on a computer screen.] [Assessment Boundary: Assessment does not include binary counting. Assessment does not include the specific mechanism of
any given device.]
The performance expectation(s) above were developed using the following elements from the NRC document A Framework for K–12 Science Education:

Science and Engineering Practices

Disciplinary Core Ideas

Developing and Using Models
PS4.A: Wave Properties
Modeling in 6–8 builds on K–5 and progresses to devel- § A simple wave has a repeating pattern with a
oping, using, and revising models to describe, test, and
specific wavelength, frequency, and amplitude. (MSpredict more abstract phenomena and design systems.
PS4-1)
§ Develop and use a model to describe phenomena.
§ A sound wave needs a medium through which it is
(MS-PS4-2)
transmitted. (MS-PS4-2)
Using Mathematics and Computational Thinking
PS4.B: Electromagnetic Radiation
§ When light shines on an object, it is reflected,
Mathematical and computational thinking at the 6–8
absorbed, or transmitted through the object, delevel builds on K–5 and progresses to identifying
pending on the object’s material and the frequency
patterns in large data sets and using mathematical
(color) of the light. (MS-PS4-2)
concepts to support explanations and arguments.
§ Use mathematical representations to describe and/ § The path that light travels can be traced as straight
or support scientific conclusions and design solulines, except at surfaces between different transtions. (MS-PS4-1)
parent materials (e.g., air and water, air and glass)
where the light path bends. (MS-PS4-2)

Crosscutting Concepts
Patterns
§ Graphs and charts can be used to identify patterns
in data. (MS-PS4-1)
Structure and Function
§ Structures can be designed to serve particular functions by taking into account properties of different
materials, and how materials can be shaped and
used. (MS-PS4-2)
§ Structures can be designed to serve particular functions. (MS-PS4-3)
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MS-PS4 Waves and Their Applications in Technologies for Information Transfer
Obtaining, Evaluating, and Communicating Information § A wave model of light is useful for explaining brightConnections to Engineering, Technology, and
Obtaining, evaluating, and communicating information
ness, color, and the frequency-dependent bending
Applications of Science
in 6–8 builds on K–5 and progresses to evaluating the
of light at a surface between media. (MS-PS4-2)
Influence of Science, Engineering, and Technology on
§ However, because light can travel through space, it
merit and validity of ideas and methods.
§ Integrate qualitative scientific and technical inforcannot be a matter wave, like sound or water waves. Society and the Natural World
§ Technologies extend the measurement, exploration,
mation in written text with that contained in media
(MS-PS4-2)
modeling, and computational capacity of scientific
and visual displays to clarify claims and findings.
PS4.C: Information Technologies and Instrumentation
investigations. (MS-PS4-3)
§ Digitized signals (sent as wave pulses) are a more
(MS-PS4-3)
reliable way to encode and transmit information.
Connections to Nature of Science
Connections to Nature of Science
(MS-PS4-3)
Science is a Human Endeavor
Scientific Knowledge is Based on Empirical Evidence
§ Advances in technology influence the progress of
§ Science knowledge is based upon logical and conscience and science has influenced advances in
ceptual connections between evidence and explanatechnology. (MS-PS4-3)
tions. (MS-PS4-1)
Connections to other DCIs in this grade-band: MS.LS1.D (MS-PS4-2)
Articulation across grade-bands: 4.PS3.A (MS-PS4-1); 4.PS3.B (MS-PS4-1); 4.PS4.A (MS-PS4-1); 4.PS4.B (MS-PS4-2); 4.PS4.C (MS-PS4-3); HS.PS4.A (MS-PS4-1),
(MS-PS4-2), (MS-PS4-3); HS.PS4.B (MS-PS4-1), (MS-PS4-2); HS.PS4.C (MS-PS4-3); HS.ESS1.A (MS-PS4-2)
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MS-PS4 Waves and Their Applications in Technologies for Information Transfer
California Common Core State Standards Connections:
ELA/Literacy –
RST.6–8.1
Cite specific textual evidence to support analysis of science and technical texts. (MS-PS4-3)
RST.6–8.2
Determine the central ideas or conclusions of a text; provide an accurate summary of the text distinct from prior knowledge or opinions. (MS-PS4-3)
RST.6–8.9
Compare and contrast the information gained from experiments, simulations, video, or multimedia sources with that gained from reading a text on the same
topic. (MS-PS4-3)
WHST.6–8.9 Draw evidence from informational texts to support analysis, reflection, and research. (MS-PS4-3)
SL.8.5
Integrate multimedia and visual displays into presentations to clarify information, strengthen claims and evidence, and add interest. (MS-PS4-1), (MSPS4-2)
Mathematics –
MP.2
Reason abstractly and quantitatively. (MS-PS4-1)
MP.4
Model with mathematics. (MS-PS4-1)
6.RP.1
Understand the concept of a ratio and use ratio language to describe a ratio relationship between two quantities. For example, “The ratio of wings to beaks
in the bird house at the zoo was 2:1, because for every 2 wings there was 1 beak.” “For every vote candidate A received, candidate C received nearly three
votes.” (MS-PS4-1)
6.RP.3.a–d
Use ratio and rate reasoning to solve real-world and mathematical problems, e.g., by reasoning about tables of equivalent ratios, tape diagrams, double
number line diagrams, or equations. (MS-PS4-1)
7.RP.2.a–d
Recognize and represent proportional relationships between quantities. (MS-PS4-1)
8.F.3
Interpret the equation y = mx + b as defining a linear function, whose graph is a straight line; give examples of functions that are not linear. For example, the
function A = s2 giving the area of a square as a function of its side length is not linear because its graph contains the points (1,1), (2,4) and (3,9), which
are not on a straight line. (MS-PS4-1)
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MS-ETS1 Engineering Design
MS-ETS1 Engineering Design

Students who demonstrate understanding can:
MS-ETS1-1. Define the criteria and constraints of a design problem with sufficient precision to ensure a successful solution, taking into account relevant scientific principles and potential impacts on people and the natural environment that may limit possible solutions.
MS-ETS1-2. Evaluate competing design solutions using a systematic process to determine how well they meet the criteria and constraints of the problem.
MS-ETS1-3. Analyze data from tests to determine similarities and differences among several design solutions to identify the best characteristics of each that can be
combined into a new solution to better meet the criteria for success.
MS-ETS1-4. Develop a model to generate data for iterative testing and modification of a proposed object, tool, or process such that an optimal design can be
achieved.
The performance expectation(s) above were developed using the following elements from the NRC document A Framework for K–12 Science Education:

Science and Engineering Practices
Asking Questions and Defining Problems
Asking questions and defining problems in grades 6–8
builds on grades K–5 experiences and progresses to
specifying relationships between variables, and clarifying arguments and models.
§ Define a design problem that can be solved through
the development of an object, tool, process or system and includes multiple criteria and constraints,
including scientific knowledge that may limit possible solutions. (MS-ETS1-1)
Developing and Using Models
Modeling in 6–8 builds on K–5 experiences and progresses to developing, using, and revising models to
describe, test, and predict more abstract phenomena
and design systems.
§ Develop a model to generate data to test ideas
about designed systems, including those representing inputs and outputs (MS-ETS1-4)

Disciplinary Core Ideas

Crosscutting Concepts

ETS1.A: Defining and Delimiting Engineering Problems Influence of Science, Engineering, and Technology on
§ The more precisely a design task’s criteria and con- Society and the Natural World
straints can be defined, the more likely it is that the § All human activity draws on natural resources and
has both short and long-term consequences, posidesigned solution will be successful. Specification of
tive as well as negative, for the health of people and
constraints includes consideration of scientific printhe natural environment. (MS-ETS1-1)
ciples and other relevant knowledge that are likely to
§ The uses of technologies and limitations on their
limit possible solutions. (MS-ETS1-1)
use are driven by individual or societal needs,
ETS1.B: Developing Possible Solutions
§ A solution needs to be tested, and then modified on
desires, and values; by the findings of scientific
the basis of the test results, in order to improve it.
research; and by differences in such factors as cli(MS-ETS1-4)
mate, natural resources, and economic conditions.
§ There are systematic processes for evaluating
(MS-ETS1-1)
solutions with respect to how well they meet the
criteria and constraints of a problem. (MS-ETS1-2),
(MS-ETS1-3)
§ Sometimes parts of different solutions can be combined to create a solution that is better than any of
its predecessors. (MS-ETS1-3)
§ Models of all kinds are important for testing solutions. (MS-ETS1-4)
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MS-ETS1 Engineering Design
Analyzing and Interpreting Data
Analyzing data in 6–8 builds on K–5 experiences
and progresses to extending quantitative analysis to
investigations, distinguishing between correlation and
causation, and basic statistical techniques of data and
error analysis.
§ Analyze and interpret data to determine similarities
and differences in findings. (MS-ETS1-3)
Engaging in Argument from Evidence
Engaging in argument from evidence in 6–8 builds
on K–5 experiences and progresses to constructing a
convincing argument that supports or refutes claims for
either explanations or solutions about the natural and
designed world.
§ Evaluate competing design solutions based on
jointly developed and agreed-upon design criteria.
(MS-ETS1-2)

ETS1.C: Optimizing the Design Solution
§ Although one design may not perform the best
across all tests, identifying the characteristics of
the design that performed the best in each test can
provide useful information for the redesign process—that is, some of those characteristics may be
incorporated into the new design. (MS-ETS1-3)
§ The iterative process of testing the most promising
solutions and modifying what is proposed on the
basis of the test results leads to greater refinement
and ultimately to an optimal solution. (MS-ETS1-4)

California Environmental Principles and Concepts aligned to the CA NGSS: (MS-ETS1-3)
Principle V: Decisions affecting resources and natural systems are based on a wide range of considerations and decision-making processes.
Connections to MS-ETS1.A: Defining and Delimiting Engineering Problems include:
Physical Science: MS-PS3-3
Connections to MS-ETS1.B: Developing Possible Solutions Problems include:
Physical Science: MS-PS1-6, MS-PS3-3, Life Science: MS-LS2-5
Connections to MS-ETS1.C: Optimizing the Design Solution include:
Physical Science: MS-PS1-6
Articulation of DCIs across grade-bands: 3–5.ETS1.A (MS-ETS1-1), (MS-ETS1-2), (MS-ETS1-3); 3–5.ETS1.B (MS-ETS1-2), (MS-ETS1-3), (MS-ETS1-4); 3–5.ETS1.C (MSETS1-2), (MS-ETS1-3), (MS-ETS1-4); HS.ETS1.A (MS-ETS1-1), (MS-ETS1-2); HS.ETS1.B (MS-ETS1-1), (MS-ETS1-2), (MS-ETS1-3), (MS-ETS1-4); HS.ETS1.C (MS-ETS1-3),
(MS-ETS1-4)
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MS-ETS1 Engineering Design
California Common Core State Standards Connections:
ELA/Literacy –
Cite specific textual evidence to support analysis of science and technical texts. (MS-ETS1-1), (MS-ETS1-2), (MS-ETS1-3)
RST.6–8.1
RST.6–8.7
Integrate quantitative or technical information expressed in words in a text with a version of that information expressed visually (e.g., in a flowchart, diagram,
model, graph, or table). (MS-ETS1-3)
Compare and contrast the information gained from experiments, simulations, video, or multimedia sources with that gained from reading a text on the same
RST.6–8.9
topic. (MS-ETS1-2), (MS-ETS1-3)
WHST.6–8.7 Conduct short research projects to answer a question (including a self-generated question), drawing on several sources and generating additional related,
focused questions that allow for multiple avenues of exploration. (MS-ETS1-2)
WHST.6–8.8 Gather relevant information from multiple print and digital sources (primary and secondary), using search terms effectively; assess the credibility and accuracy of each source; and quote or paraphrase the data and conclusions of others while avoiding plagiarism and following a standard format for citation. CA
(MS-ETS1-1)
WHST.6–8.9 Draw evidence from informational texts to support analysis, reflection, and research. (MS-ETS1-2)
SL.8.5
Integrate multimedia and visual displays into presentations to clarify information, strengthen claims and evidence, and add interest. (MS-ETS1-4)
Mathematics –
Reason abstractly and quantitatively. (MS-ETS1-1), (MS-ETS1-2), (MS-ETS1-3), (MS-ETS1-4)
MP.2
7.EE.3
Solve multi-step real-life and mathematical problems posed with positive and negative rational numbers in any form (whole numbers, fractions, and decimals), using tools strategically. Apply properties of operations to calculate with numbers in any form; convert between forms as appropriate; and assess the
reasonableness of answers using mental computation and estimation strategies. (MS-ETS1-1), (MS-ETS1-2), (MS-ETS1-3)
Develop a probability model and use it to find probabilities of events. Compare probabilities from a model to observed frequencies; if the agreement is not
7.SP.7.a–b
good, explain possible sources of the discrepancy. (MS-ETS1-4)
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