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Content Area Standards Structure

The overall structure of Nebraska’s College and Career Ready Standards for Science (CCR-Science) reflects the two-tier structure
common across all Nebraska content area standards. The two levels within the structure include standards and indicators. The
standards are broad, overarching content-based statements that describe the basic cognitive, affective, or psychomotor
expectations of student learning. The standards, across all grade levels, reflect long-term goals for learning. Indicators further describe
what students must know and be able to do to meeft the standard. These performance-based statements provide clear expectations
related to student learning in each content area. Additionally, indicators provide guidance related to the assessment of student
learning. This guidance is articulated by including assessment boundary statements.

The CCR-Science standards describe the knowledge and skills that students should learn, but they do not prescribe particular
curriculum, lessons, teaching techniques, or activities. Standards describe what students are expected to know and be able to do,
while the local curriculum describes how teachers will help students master the standards. A wide variety of instructional resources may
be used to meet the state content area standards. Decisions about curriculum and instruction are made locally by individual school
districts and classroom teachers. The Nebraska Department of Education provides guidance related to high-quality instructional
materials selection and implementation. Please visit the Nebraska Instructional Materials Collaborative.

In addition to a common structure for content area standards, a consistent numbering system is used for content area standards. The
numbering system is as follows:

Grade
Level Standard

'
SC.K.7.2.a
rotoX

Content Topic Indicator
Ared


https://nematerialsmatter.org/

Content Area Standards Overview

Nebraska Revised Statute 79-760.01 requires the State Board of Education to adopt measurable academic content standards for the
areas of reading, writing, mathematics, science, and social studies. Standards describe grade-level expectations for given content
areas and provide a framework upon which Nebraska districts develop, establish, and implement curriculum. For effective teaching
and learning to occur, the content area standards should drive local decisions related to instructional materials, resources, and interim,
formative, and summative assessments.

The Nebraska Department of Education has identified quality criteria in the development of content area standards. These criteria
ensure that standards are grounded in a strong research base of human cognition, motivation, and teaching and learning and
describe essential knowledge and skills for college, career, and civic readiness. The revised science standards, written by teams of
Nebraska educators and reviewed by local and national experts, were developed with the following indicators of quality:

Measurable: Standards provide benchmarks against which student progress toward learning goals can be measured.

Appropriately challenging: Standards must build in complexity so that by the end of grade 12, students are prepared for
postsecondary education and the workforce.

Connected: Student learning is most effective when it connects knowledge and skills to related topics and authentic applications.
Clearly worded: Content area standards must effectively communicate what students should know and be able to do.

Scaffolded: Indicators in the Nebraska content area standards scaffold student learning by sequencing connected knowledge and
skills across grades so that students build and deepen understanding and ability over time.

Specific: Specificity assures that the language used in standards and indicators is sufficiently detailed to be accurately interpreted by
educators

Organization and Structure of College and Career Ready Standards for Science (CCR-Science)

Nebraska's College and Career Ready Standards for Science (CCR-Science) are organized by grade level for grades K-8 and by
grade span in high school. K-5 standards are organized to reflect the developmental nature of learning for elementary students and
attend to the learning progressions that build foundational understandings of science. By the time students reach middle school
(Grades 6-8), they build on this foundation in order to develop more sophisticated understandings of science concepts through high
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school. The topic progression for the CCR-Science standards is included in Appendix A: Topic Progression.

Within each grade level/span the standards are organized around topics, and each standard addresses one topic. Each CCR-Science
standard begins with the common stem: “Gather, analyze, and communicate...” This stem highlights long-term learning goals
associated with rigorous science standards and provides guidance for high quality classroom instruction. To facilitate high-quality
instruction, students actively gather evidence from multiple sources related to the topics. Evidence is carefully analyzed in order to
describe and explain natural phenomena, and then, students communicate their understanding of the content using a variety of tools
and strategies. It is important to note that while topics are introduced in a spiraled model, they are connected, and deeper
understanding at subsequent grade levels and spans requires foundational understanding of multiple topics.

The indicators reflect the three dimensions of science learning outlined in A Framework for K-12 Science Education!. Each CCR-Science
indicator includes a disciplinary core idea, a crosscutting concept (underline), and a science and engineering practice (bold).

Disciplinary Core Ideas (DCI)

The disciplinary core ideas are the focused, limited set of science ideas identified in the Framework as necessary for ALL students
throughout their education and beyond their K-12 school years to achieve scientific literacy. The limited number of disciplinary core
ideas allows more time for students and teachers to engage in the science and engineering practices as they deeply explore science
ideas. To allow students to continually build on and revise their knowledge and abilities, the disciplinary core ideas are built on
developmental learning progressions (Appendix A).

Crosscutting Concepts (CCQC)

The crosscutting concepts are used to organize and make sense of disciplinary core ideas. They serve as tools that bridge disciplinary
boundaries and deepen understanding of science content. With grade-appropriate proficiency, students are expected to use
patterns (cause and effect, scale, proportion, and quantity), systems and system models (energy and matter, structure and function)
and stability and change as they gather, analyze, and communicate scientific understanding. These crosscutting concepts provide
structure for synthesizing knowledge from various fields info a coherent and scientifically based view of the world.

Science and Engineering Practices (SEP)

The science and engineering practices are used by students to demonstrate understanding of the disciplinary core ideas and
crosscutting concepts. Engaging in the practices of science and engineering helps students understand the wide range of
approaches used to investigate natural phenomena and develop solutions to challenges. Students are expected to demonstrate
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grade-appropriate proficiency in asking questions and defining problems, developing and using models, planning and carrying out
investigations, analyzing and interpreting data, using mathematics and computational thinking, constructing explanations and
designing solutions, engaging in argument from evidence, and obtaining, evaluating, and communicating information as they gather,
analyze, and communicate scientific information.

Each science indicator focuses on one crosscutting concept and one science and engineering practice as an example to guide
assessment. Curriculum, instruction, and assessment should reflect authentic science practice and be phenomena-based. Furthermore,
curriculum, instruction, and assessment should use crosscutting concepts and science and engineering practices that go beyond what
is stated in the indicator to better reflect authentic science practice. Utilizing the range of SEPs and CCCs will support deeper learning
and greater understanding of the DCls.

The following table lists the disciplinary core ideas, crosscutting concepts, and science and engineering practices:

Science and Engineering Practices | Disciplinary Core Ideas Crosscutting Concepts
. Asking Questions and Defining LS1: From Molecules to Organisms:
Problems Structures and Processes
. Developing and Using Models LS2: Ecosystems: Interactions, Energy, Patterns
. Planning and Carrying Out and Dynamics
Investigations LS3: Heredity: Inheritance and Variation of @Couse and Effect
. Analyzing and Interpreting Data Traits
. Using Mathematics and LS4: Biological Evolution: Unity & Diversity
Computational Thinking PS1: Matter and Its Interactions Scale, Proportfion, and Quantity
. Constructing Explanations and PS2: Motion and Stability: Forces and Y
Designing Solutions Interactions ST Systems and System Models
. Engaging in Argument from PS3: Energy
Evidence PS4: Waves and Their Applications in
. Obtaining, Evaluating, and Technologies for Information Transfer Energy and Matter
Communicating Information ESS1: Earth’s Place in the Universe
ESS2: Earth’s Systems .
ESS3: Earth and Human Activity Structure and Function
ETS1: Engineering Design
@L@ Stability and Change

A Framework for K-12 Science Education: Practices, Crosscutting Concepts, and Core Ideas. Washington, DC: The National Academies Press, 2012.
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Icon Titles & Descriptions

Opportunities to teach science using topics directly relevant to our state (e.g., Ogallala Aquifer, agriculture, Nebraska-specific flora
and fauna, Nebraska'’s rich geologic history, etc.) are listed throughout the CCR-Science standards as “Nebraska Connections.” These
connections allow educators to use local, regional, and state-specific contexts for teaching, learning, and assessment. Educators
should use these as recommendations for investigation with students. Additionally, assessment developers have the opportunity to use
the Nebraska contexts to develop Nebraska-specific examples or scenarios from which students would demonstrate their general
understanding. This approach provides the opportunity for educators to draw upon Nebraska's natural environment and rich history
and resources in engineering design and scientific research to support student learning.

Nebraska Connections

Educator Support & Resources

Implementation

Effective science teaching, learning, and assessments should integrate disciplinary core ideas, crosscutting concepts, and science and
engineering practices. Integration of the three dimensions will allow students to explain scientific phenomena, engage in sensemaking,
design solutions to problems, and build a foundation upon which they can continue to learn and be able to apply science knowledge
and skills within and outside the K-12 education arena. While each indicator incorporates the three dimensions, this alone does not
drive student outcomes. Ultimately, student learning depends on how the standards are translated to instructional practices.

To support educators while they explore and implement content standards, the Nebraska Department of Education has developed
the Content Area Standards Implementation Framework. The Framework is based on implementation science and includes stages from
“Exploration” to “Deep Implementation,” the types of work and activities associated with each stage, and roles of educators in
ensuring successful implementation. The goal of the framework is to guide the alignment of standards, instruction, materials, and
assessment to create a coherent system of learning.

Phenomenon-based Instruction

Three-dimensional instruction offers authentic learning experiences when students engage in describing and explaining the natural
world. This involves focusing the conceptual learning on anchoring and investigative phenomena to better comprehend their
observations. Students utilize evidence in the sensemaking process to build concepts in their minds. Phenomena are natural,
observable events that we can explain or predict using our science knowledge (the singular form of phenomena is phenomenon).
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https://www.education.ne.gov/science/standards-and-supporting-documents/#1605295932218-b31707e6-e35e
https://www.education.ne.gov/contentareastandards/content-area-standards-implementation/

Teachers are encouraged to adopt phenomenon-based instruction to fully engage students in three-dimensional science learning.

This method can be summarized in three steps:

1. Introduce a new unit or concept with a phenomenon: Start by presenting a phenomenon that is relevant to students' lives. This
engages them in asking questions about their observations and fosters a desire to learn more. Many teachers already use this
approach by introducing new units or concepts with tangible examples such as pictures, videos, demonstrations, or laboratory
experiences.

2. Engaging in science and engineering practices: Provide opportunities for students to gather and reason about information to
explain the phenomenon. Sensemaking represents a shift in science instruction where teachers refrain from giving students direct
answers. Instead, they should offer multiple opportunities for students to explore the phenomenon individually and in groups, while
scaffolding their learning. This approach supports students in developing an understanding of scientific concepts and constructing
their own explanations for the phenomenon.

3. Communicating understanding: Ensure students have multiple opportunities to articulate their thinking about why the phenomenon
occurs. To deepen their understanding, check that student explanations progress from simple descriptions of what they observe to
more complex explanations and predictions of what they think is happening with the phenomenon.

Throughout this process, teachers should not provide direct answers about the phenomenon. Instead, they should facilitate
experiences that help students reach an appropriate understanding. Often, this involves engaging students in scientific arguments
where they challenge each other's claims and explanations using their observations and collected evidence.

Teacher Guides

The Teacher Guides were created to provide guidance for developing effective instruction aligned to Nebraska's College and Career
Ready Science Standards. They are intended to support teachers, administrators, science specialists, ESU’s, instructional coaches,
parents, and other stakeholders as they plan instruction and assessment at a local level.

The Teacher Guides are meant as a resource document which unwraps the indicators to support teacher’s understanding of the
standards. They are not meant to be used by students, and therefore they are not written in student-friendly language.

Nebraska Science Classroom Formative Task Repository

The Nebraska Science Classroom Formative Task Repository is a collection of K-12 formative tasks aligned to the indicator level of the
standards. Tasks were developed by Nebraska educators and cover the breadth of the standards giving students an opportunity to
provide evidence of what they can know and can do related to that standard.

n DEp,

B .
& \%
H z
z H

o, >

8 o'

foycht


https://www.education.ne.gov/science/standards-and-supporting-documents/%22%20/l%20%221605295932218-b31707e6-e35e
https://www.education.ne.gov/science/standards-and-supporting-documents/%22%20/l%20%221605295932218-b31707e6-e35e
https://www.education.ne.gov/assessment/nscas-science/#1581451433686-8b99f443-109b

Graduation Requirements

The high school life science, physical science, and Earth and space science standards are infended for ALL students to have learned
by the end of 30 credit hours of high school science courses.

Rule 10

003.05 Graduation Requirements. Each high school must require from grades nine through twelve at least 200 credit hours for
graduation, for which at least 80 percent must be from the core curriculum. The number of credit hours given for a course may
be less than the number of instructional units and may be increased up to 25 percent above the number of instructional units.

003.05A3 Science. Thirty credit hours of science with course content that includes biological, earth/space, and physical
science concepts with corresponding science inquiry skills and laboratory experience.

Course examples that offer the scope and sequence to include all three domains are included in Appendix B: HS Integrated Science
Course Model.

High School Plus Standards (HSP)

The High School Plus (HSP) standards represent advanced science topics designed to enhance the rigor of general science curricula or
supplement additional advanced science courses. The standards were developed using postsecondary syllabi from entry level science
courses for science majors (e.g., UNL LIFE 120, CHEM 109). Infroducing the content to high school students will scaffold their learning

providing a bridge between high school science coursework and postsecondary level coursework. If the indicator includes HSP, it is a
plus standard which is supplemental.
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Explanation of the Teacher’s Guide to the Nebraska CCR-Science Standards

Standard Code [Content Area].[Grade Level].[Topic].[Standard]

The standard description is listed here to give broader context to this and other indicators in the standard. The standard description
articulates the core ideas and theme. Standards represent significant areas of learning within grade-level progressions and content
areas. Each standard infroduction is an orientation for the teacher in order to provide an overall view of the concepts needed for
foundational understanding.

Indicator Code [Content Area].[Grade Level].[Topic].[Standard].[Indicator]

Within each standard are indicators. The indicator is listed here as found in the CCR-Science Standards. Indicators in the CCR-Science
Standards are written as student performance expectations that describe what students must know and be able to do by the end of
an instructional sequence. An indicator represents a proficiency level for that grade. An indicator articulates how a learner may
demonstrate their proficiency, incorporating not only the disciplinary core idea but also a crosscutting concept and a science and
engineering practice. While some indicators within a standard may be more comprehensive than others, all indicators are essential for
a comprehensive understanding of a standard’s purpose.

The DClIs will be in ordinary text. The CCCs will be underlined. The SEPs will be in bold. Indicators also include clarification statements
and assessment boundaries when needed. Clarification statements offer further clarification to the indicators content or offer examples
and are indicated with gray text. Assessment boundaries are the limitations given to the state-developed assessments and are
indicated with red text.

NGSS Comparison: [NGSS Code]

The CCR-Science Standards are strongly influenced by the Next Generation Science Standards (NGSS). Teachers can use the NGSS
code to find instructional resources. There are many resources that have been created that compare to each NGSS code. It is
important to note that the NGSS codes use dashes and end in a number (e.g., 5-PS1-3), and the DCls use dots and end in a letter (e.g.,
PS1.A).

Other Indicators in this Standard

Each standard requires all of the indicators to provide the full understanding of the concept knowledge, skills, and lenses needed to
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demonstrate proficiency for that standard. The indicators included in the standard will be listed here under their code.

Concepts and Skills to Master

Foundation Boxes:

The foundation boxes provide clarity for planning by explicitly and intentionally identifying the three dimensions found in the standard.
Teachers should frame their planning around what students will be doing to demonstrate 3D learning. The table identifies the minimum
level of complexity expected for proficiency in each of the three dimensions of a standard. Individual classroom instruction can and
should use additional Science and Engineering Practices (SEPs) and Crosscutting Concepts (CCCs) to support student sense-making.
The information in this table is based on research found in A Framework for K-12 Science Education: Practices, Crosscutting Concepts,
and Core Ideas (NRC, 2012), adds specificity on how a standard should be interpreted and provides additional ideas of instructional
practices related to the standard. The intent is to help the teacher move students into deeper and more focused use of the SEP, CCC,
and DCI. The use of supporting SEPs and CCCs is an integral part of robust instruction. The purpose of supporting SEPs and CCCs is to
allow multiple ways to approach knowledge, skills, and abilities. Teachers should use the focal SEPs and CCCs during instruction but

may utilize supporting SEPs and CCCs to broaden instruction.

Science and Engineering Practice (SEP)

Crosscutting Concept (CCQC)

[Science and Engineering Practice Name]:

e The science and engineering practice(s) found in the
indicator written in the context of the content (DCI).

e Students do and use the Science and Engineering Practice
(SEP). Practices refer to the things that scientists and
engineers do and how they actively engage in their work.
This section provides more clarification for what students
should be doing to engage in this practice. There are
various ways that each practice can be used, as
articulated in the K-12 Framework for Science Education
(NRC, 2012). This information primarily comes from the
NSTA's SEP Mafrix.

[Crosscutting Concept Name]:

e The crosscutting concept(s) found in the indicator
written in the context of the content (DCI).

e Students think and connect through the Crosscutting
Concept (CCC) in order to reason. Crosscutting
concepts provide a lens to focus student thinking in
order to support students to make sense of science and
engineering concepts to be able to explain
phenomena. Teachers encourage students to frame
their thinking around the terminology of the CCCs
through questions and classroom discussions. This
information primarily comes from the NSTA's CCC Matrix.

12


http://static.nsta.org/ngss/resources/MatrixForK-12ProgressionOfScienceAndEngineeringPracticesInNGSS.8.14.14.pdf
http://static.nsta.org/ngss/MatrixOfCrosscuttingConcepts.pdf

Disciplinary Core Idea (DCI)

([DCI Code]): [DCI Name]
Students know and apply the Disciplinary Core Idea (DCI) in their thinking and reasoning.

These are the core ideas from the K-12 Framework for Science Education (NRC, 2012) that align to this standard. This section is NOT a
checklist of content for students to memorize. The purpose of this section is to articulate what core ideas students should know and
be able to use to support the explanation of phenomena. If a standard identifies multiple DCls, this section will be repeated for each
core idea. This information primarily comes from the K-12 Framework for Science Education.

Possible Science and/or Engineering Phenomena to Support 3D Instruction

In 3D classroom instruction, a real-world phenomenon centered around a scientific concept or engineering problem is used as the
starting point for student learning. The phenomenon encourages students to ask questions, investigate, and ultimately construct
explanations for why the phenomenon occurs. Each core guide lists potential phenomena that could be used during instruction. It is
important for feachers to understand that the best phenomena are those that are relevant to the context of their students’ lives and
experiences.

Phenomena are also a critical component of science assessment. When developing classroom assessments, teachers should select
different phenomena than those used during standard instruction but require the use of the same concepts. This allows the
assessment to measure student proficiency in each of the three dimensions through a novel situation rather than simply assessing
students’ ability to recall a previous classroom experience.

This document provides a list of possible phenomena; however, teachers should not consider this list all-inclusive. Many appropriate
phenomena could be used to investigate and assess each standard.

Evidence Statements

What does it look like to demonstrate proficiency on this indicator?
This section provides statements that delineate what students should be able to know and do to demonstrate proficiency of an
indicator. These statements can be used for learning goals, tasks, and assessments during the instructional sequence and should
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https://docs.google.com/document/d/1OP3Ix1nsXam74uU1cnCVRlr3tbkCc2hW2UaK5NVHMXI/edit

address how the three dimensions interact. These proficiency statements are not intended to be used as curriculum.

Critical Background Knowledge

Grade Band Progressions:

This section illustrates how the three dimensions of science, aligned specifically to an indicator, progress developmentally through
grade bands and grade levels. Progressions provide insight info what background knowledge and experience students should have
had in prior grades, where teachers should focus science learning in the current grade level, and where students will extend their
learning in future grades. Grade band progressions identify where teachers should focus instruction for that grade level in each of the
three dimensions. Additionally, progressions are intended to be used to identify areas for student intervention. By looking at previous
grade bands, teachers can support students where they are currently and scaffold them to where they need to be by the end of the
grade level. The progression table is not intended as a guide for supporting accelerated learning by looking to future grade bands.
Accelerated learning should remain in the appropriate grade band, but students could be provided with more depth in their learning
experience. This information primarily comes from the NGSS Appendices.

Science and Engineering Practices (SEPs): [SEP name]

The SEPs progress over a student’s K-12 science experience. The SEP progressions inform teachers as to how students should be
engaging in science and engineering practices. These progressions emphasize the importance of teaching science skills at every
grade level because it cannot be assumed that students will develop proficiency in using science and engineering practices
independently. With increased developmental ability, students can engage in these practices in more complex ways. Teachers can
use the progressions to pre-assess student learning from previous grade bands, adjust instruction, and develop necessary interventions.
The science and engineering practices should be addressed to an appropriate developmental level in every grade and science
course. In each grade within a grade band, students should be progressing towards mastery of these expectations. Each row of the
SEP table delineates a different component of the SEP and how it developmentally progresses.

K-2 3-5 6-8 9-12

[SEP name] in K=2 builds on [SEP name] in 3-5 builds on K-2 | [SEP name] in é— 8 builds on K-5 | [SEP name] in 9-12 builds on K-8
prior experiences and experiences and progresses to | experiences and progresses experiences and progresses to
progresses to ... fo... college or career experiences.
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https://www.nextgenscience.org/resources/ngss-appendices

Crosscutting Concepts (CCCs): [CCC name]

The CCCs progress over a student’s K-12 science experience. These progressions inform teachers as to how students should frame their
thinking and reasoning. These progressions emphasize the importance of feaching science at every grade level because it cannot be
assumed that students will independently be able to use the CCCs to frame their thinking. With increased developmental ability,
students will be able to use the crosscutting concepts to think and reason about more complex tasks and phenomena. Teachers can
use the progressions to pre-assess student learning from previous grade bands, adjust instruction, and develop interventions as needed.
The crosscutting concepts should be addressed to an appropriate developmental level in every grade and science course. In each
grade within a grade band, students should be progressing towards mastery of these expectations.

K-2 3-5 6-8 9-12

[CCC name] in K-2 builds on [CCC name] in 3-5 builds on K- | [CCC name] in 6— 8 builds on [CCC name] in 9-12 builds on

prior experiences and 2 experiences and progresses K-5 experiences and K-8 experiences and

progresses to ... fo ... progresses to... progresses to college or career
experiences.

Disciplinary Core Ideas (DClIs): [DCI code] [DClI title]

The core ideas progress over a student’s K-12 science experience. These progressions inform teachers as to what core ideas the student
should know and be able to use in this grade band. This progression emphasizes the importance of teaching science and engineering
at every level because it cannot be assumed that students will develop science and engineering conceptual understanding
independently. The core ideas build in complexity as students progress through grade bands. Thus, core ideas must be taught
sequentially. Teachers can use the progressions to pre-assess student learning from previous grade bands, adjust instruction, and
develop interventions as needed. Note: Most core ideas are taught, at minimum, once within a grade band and not necessarily in
sequential grade levels. For example, the DCI PS1.A is taught in 2nd-grade, 5th-grade, éth-grade, 8th-grade, and chemistry. To clarify
this, the provided table identifies the grade and standard for which the DCl is taught in each grade band.
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K-2 3-5 6-8 9-12

[NGSS DCI code] in K-2 [NGSS DCI code] in 3-5 [NGSS DCI code] in 6- 8 builds on | [NGSS DCI code] in 9-12 builds on
builds on prior experiences builds on K-2 experiences K-5 experiences and knowledge | K-8 experiences and knowledge
and progresses to. and progresses 1o ... and progresses fo... and progresses tfo...

Connection to other grade level indicators

This section helps teachers identify potential infegration with other indicators that have related disciplinary core ideas at the same
grade level or band. When designing curriculum around an anchoring phenomenon and investigative phenomena, identifying how
other DCls relate is pivotal for student understanding of the phenomena and the indicators as significant areas of learning culminating
in standards.

Related Cross-Curricular Standards: Current Grade Level

Authentic Connections to Other Content Standards:

This section helps teachers identify potential integration with other content area standards within their grade level. The expectation of
the CCR-Science Standards is for all students to be scientifically literate. Scientists use literacy, mathematics, and critical thinking
components for gathering, reasoning, and communicating information. In science, students use reading, writing, speaking, listening,
and language in ways specific to the discipline of science. ISTE computer science standards are also included when appropriate.

Academic Language Development

Effective science instruction requires discipline-specific communication skills. This means that effective science learning occurs when
students are expected to speak, listen, read, and write in ways that are appropriate to science. The tools in this section help teachers
facilitate the acquisition of science discourse, which includes academic scientific language. Teaching words or concepts in isolation or
prior to experiences that give context (front loading) robs students of sense-making opportunities that lead to a greater depth of
conceptual understanding.

Below is a list of words that students should use during science discourse. These words are not meant to be used as a vocabulary list or
to frontload vocabulary prior to instruction. The teacher should infroduce these words only after students have first experienced the
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related concept and used their own words to describe it.

Words to support student discourse related to the Disciplinary Core Ideas (DCls):
. Supporting discourse words will be listed here.

Sentence stems that vtilize academic language:
. Provides a list of sentence frames that scaffold science discourse.

Supporting resources to aid in student discourse:
. STEM Teaching Tool 48: How can teachers guide classroom conversations to support students’ science learninge
. STEM Teaching Tool 41: Prompts for Integrating Crosscutting Concepts into Assessment and Instruction (Download the PDF for
example prompfs).

Assessment Considerations

Formative Assessment:

A link is provided to the Nebraska-created formative task repository sign-in on the Nebraska Department of Education’s website.
Exemplar assessments developed by Nebraska teachers are aligned to the indicator. Formative assessments are available for every
standard, not every indicator, for grades K-8, and in the domains of physical science, earth science, and life science at the high school
level.

Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:

“This welbsite houses tools, information, and resources developed as part of the Stackable, Instructionally embedded, Portable Science
(SIPS) Assessments project funded for a 36-month period from 2020 through 2023 by a Competitive Grants for State Assessments Grant
from the Office of Elementary and Secondary Education at the US Department of Education, awarded to the Nebraska Department of
Education.” https://sipsassessments.org/

The principled design process found on this website explains how NSCAS tasks and the formative task repository tasks are developed.
The SCILLSS Digital Workbook on Designing High Quality Three-dimensional Science Assessments for Classroom Use are found in the
“Resources” tab, then select the "“Assessment Resources.” There are curriculum, instruction, and assessment resources for fifth and
eighth grade found in the “Resources” tab, then select “SIPS Resources.”

Knowledge, Skills, and Abilities:
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These are statements developed from the Evidence Statements when writing tasks that specify what is expected of students to
demonstrate (i.e., knowledge, skills, and abilities) to provide evidence that they have learned one or more aspects of the CCR-Science
Indicator. These are example broad statements that scaffold the logic of the concept and skill development.

Achievement Level Descriptors:

Achievement Level Descriptors are scaled evidence statements of the SEPs and CCCs combined by grade that are used in test score
interpretation to determine if a student is performing in the categories of developing, on task, or advanced. Currently these statements
are only available in fifth grade and eighth grade.
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Earth and Space Science Teacher’s Guide to the Nebraska CCR-Science Standards

The earth and space science standards and indicators help students gather, analyze, and communicate evidence as they formulate
answers to questions tailored to student interests and current topics that may include but are not limited to:

What is the universe and what goes on in stars? What are the predictable patterns caused by Earth’s movement in the solar system?
Students examine the processes governing the formation, evolution, and workings of the solar system and universe in order to
understand how matter in the universe formed and how short-term changes in the behavior of the sun directly affect humans.
Engineering and technology play a large role here in obtaining and analyzing data that support theories of the formation of the solar
system and universe.

How do people reconstruct and date events in Earth’s planetary history? Why do the continents move?

Students can construct explanations for the scales of time over which Earth processes operate. An important aspect of the earth and
space sciences involves making inferences about events in Earth’s history based on a data record that is increasingly incomplete the
farther one goes back in time.

How do the properties and movements of water shape Earth’s surface and affect its systems?

Students develop models and explanations for the ways that feedbacks between different Earth systems control the appearance of
Earth’s surface. Cenfral to this in the tension between internal systems, which are largely responsible for creating and at Earth’s surface
and the sun-driven surface systems that tear down land through weathering and erosion. Students understand the role water plays in
affecting weather and understand chemical cycles in Earth’s system:s.

What regulates weather and climate?

Students understand the system interactions that control weather and climate. Students can understand the analysis and interpretation
of different kinds of geoscience data allow student to construct explanations for the many factors that drive climate change over a
wide range of fimescales.

How do humans depend on Earth’s resources? How do people model and predict the effects of human activities?
Students understand the complex and significant interdependencies between humans and the rest of Earth’s systems through the
impacts of natural hazards, our dependencies on natural resources, and the environmental impacts of human activities.
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Topic Code: SC.HS. || Space Systems
Standard Code: SC.HS.11.1 Gather, analyze, and communicate evidence to defend that the universe
changes over time.

Emphasis is on processes governing the formation, evolution, and workings of the solar system and universe as well as how matter
formed during the Big Bang and within the cores of stars.

» Indicator Code: SC.HS.11.1.a

Use a model based on evidence to illustrate how the stages of stars and the role of nuclear fusion in a star's core releases energy that
reaches Earth in the form of radiation. Emphasis is on the energy transfer mechanisms that allow energy from nuclear fusion in the sun’s
core to reach Earth. Examples of evidence for the model could include observations of the masses and stages of other stars, or non-
cyclic variations over centuries. Assessment does not include details of the atomic and sub-atomic processes involved with the sun’s
nuclear fusion.

NGSS Comparison: HS-ESS1-1 (modified)

SC.HS.11.1.b, SC.HS.11.1.c, SC.HS.11.1.d

Foundation Boxes:

Science and Engineering Practice (SEP) Crosscutting Concept (CCC)
Developing and Using Models: Scale, Proportion, and Quantity:

¢ The significance of a phenomenon is dependent on the
Modeling in 9-12 builds on K-8 experiences and progresses to scale, proportion, and quantity at which it occurs.
using, synthesizing, and developing models to predict and show
relationships among variables between systems and their
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC)

components in the natural and designed world(s).

e Develop a model based on evidence to illustrate the [[[hﬁ
. . =]
relationships between systems or between components of
a system.

Disciplinary Core Idea (DCI)

ESS1.A: The Universe and lts Stars:
e The star called the sun is changing and will burn out over a lifespan of approximately 10 billion years.

PS3.D: Energy in Chemical Processes and Everyday Life:

¢ Nuclear Fusion processes in the center of the sun release the energy that ultimately reaches Earth as radiation. (secondary to
HS.11.1.A)

Possible Science and/or Engineering Phenomena to Support 3D Instruction

e | got a sunburn while skiing/playing in the snow.

e Solar flares are huge eruptions of matter and energy on the Sun’s surface.

e Sunspots are planet sized dark regions on the Sun'’s surface that are cooler than surrounding areas.

e A Coronal Mass Ejection (CME) is an explosive outbursts of solar wind/plasma from the Sun.

e NASA'’s Parker Solar Probe will fly through the Sun’s corona to learn more about the Sun and its effects on the Solar System.

e A thermonuclear bomb, or hydrogen bomb, uses nuclear fusion as a weapon.

e The US Department of Energy, and other governments around the world seek to develop a practical fusion energy source on
Earth to meet global energy needs.

¢ Formation and life cycle of the sun and other stars.

e Solar Flares, Sunspots, and the Solar Cycle

Evidence Statements

What does it look like to demonstrate proficiency on this indicator?
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HS.11.1.a Use a model based on evidence to illustrate how the stages of stars and the role of nuclear fusion in a star's core releases
energy that reaches Earth in the form of radiation.
1. Components of the model
A. Students use evidence to develop a model in which they identify and describe* the relevant components, including:
e Hydrogen as the sun'’s fuel;
e Helium and energy as the products of fusion processes in the sun; and
e That the sun, like all stars, has a life span based primarily on its initial mass, and that the sun’s lifespan is about 10 billion

years.
2. Relationships
A. In the model, students describe* relationships between the components, including a description* of the process of
radiation, and how energy released by the sun reaches Earth’s system.
3. Connections
A. Students use the model to predict how the relative proportions of hydrogen to helium change as the sun ages.
B. Students use the model to qualitatively describe* the scale of the energy released by the fusion process as being much
larger than the scale of the energy released by chemical processes.
C. Students use the model to explicitly identify that chemical processes are unable to produce the amount of energy
flowing out of the sun over long periods of time, thus requiring fusion processes as the mechanism for energy release in
the sun.

Grade Band Progressions:

Science and Engineering Practices (SEPs): Developing and Using Models

K-2 3-5 6-8 9-12

Developing and Developing and Using Models in Developing and Using Models in é- 8 builds on | Developing and Using

Using Models in K-2 3-5 builds on K-2 experiences K-5 experiences and progresses to... Models in 9-12 builds on

builds on prior and progresses to ... K-8 experiences and

experiences and Develop or modify a model—based on progresses to college or

progresses 1o ... Collaboratively develop and/or evidence - to match what happens if a career experiences.
revise a model based on variable or component of a system is
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K-2

3-5

6-8

9-12

Develop and/or use
a model to represent
amounts,
relationships, relative
scales (bigger,
smaller), and/or
patterns in the
natural and designed
world(s).

evidence that shows the
relationships among variables for
frequent and regular occurring
events.

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

changed.

Use and/or develop a model of simple

systems with uncertain and less predictable

factors.

Develop and/or revise a model to show the
relationships among variables, including those

that are not observable but predict
observable phenomena.

Develop a model based
on evidence to illustrate
the relationships
between systems or
between components of
a system.

Crosscutting Concepts (CCCs): Scale, Proportion, and Quantity

K-2

3-5 6-8

9-12

Scale, Proportion, and

prior experiences and
progresses to ...

Relative scales allow

compared and
described (e.g., bigger
and smaller; hotter and
colder; faster and
slower).

Quantity in K-2 builds on

objects and events to be

Scale, Proportion, and
Quantity in 3-5 builds
on K-2 experiences and
progresses to ...

Natural objects and/or
observable
phenomena exist from
the very small to the
immensely large or from
very short to very long
time periods.

Scale, Proportion, and Quantity in 6- 8
builds on K-5 experiences and progresses
fo...

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

The observed function of natural and
designed systems may change with scale.

Scale, Proportion, and
Quantity in 9-12 builds on K-8
experiences and progresses to
college or career experiences.

The significance of a
phenomenon is dependent on
the scale, proportion, and
quantity at which it occurs.

Disciplinary Core Ideas (DCls): ESS1.A: The Universe and Its Stars, PS3.D: Energy in Chemical Processes and Everyday Life
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K-2

3-5

6-8

9-12

ESS1.A: The Universe
and lts Stars in K-2
builds on prior
experiences and
progresses fo ...

Patterns of movement of
the sun, moon, and stars
as seen from Earth can
be observed, described,
and predicted.

PS3.D: Energy in
Chemical Processes and
Everyday Life in 9-12
builds on K-8
experiences and
knowledge and
progresses to...

[Intfentionally left blank]

ESS1.A: The Universe
and lts Stars in 3-5
builds on K-2
experiences and
progresses to ...

Stars range greatly in
size and distance from
Earth, and this can
explain their relative
brightness.

PS3.D: Energy in
Chemical Processes
and Everyday Life in 9-
12 builds on K-8
experiences and
knowledge and
progresses to...

[Intentionally left blank]

ESS1.A: The Universe
and lts Stars in 6- 8
builds on K-5
experiences and
knowledge and
progresses to...

The solar system is part
of the Milkky Way, which
is one of many billions of
galaxies.

PS3.D: Energy in
Chemical Processes
and Everyday Life in 9-
12 builds on K-8
experiences and
knowledge and
progresses to...

[Intentionally left blank]

ESS1.A: The Universe and lis Stars in 9-12 builds on
K-8 experiences and knowledge and progresses
fo...

Light spectra from stars are used to determine their
characteristics, processes, and lifecycles. Solar
activity creates the elements through nuclear fusion.
The development of technologies has provided the
astronomical data that provide the empirical
evidence for the Big Bang theory.

PS3.D: Energy in Chemical Processes and Everyday
Life in 9-12 builds on K-8 experiences and
knowledge and progresses to...

Nuclear Fusion processes in the center of the sun
release the energy that ultimately reaches Earth as
radiation.

Related Cross-Curricular Standards: Current Grade Level

ELA Connections:

e LA.T10.RI.6 Compare and conftrast the development of different arguments on the same topic, evaluating the effectiveness and

validity of the claims.

¢ LA.10.RI.7 Analyze how an author or speaker unfolds a series of events, ideas, or perspectives within and across a wide range of

informational texts.
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¢ LA.10.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the
task, purpose, and audience (a-e)

e LA.10.W.5 Write informative/explanatory pieces to clearly convey ideas, information, and concepts in which the development
and structure are appropriate to the task, discipline, purpose, and audience. (a-€)

e LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the
research question(s). (a-e)

Mathematics Connections:

¢ HS.A.3.a Analyze and model authentic situations using various representations and appropriate technology.

e HS.G.4.c Evaluate the validity of an argument communicated in different ways (e.g., a flow format, two- column, paragraph
format).

e HS.D.2.jRecognize and explain when arguments based on data confuse correlation with causation

¢ HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and
interpret results in context.

e HS.N.1.a Select, apply, and explain the method of computation when problem solving using real numbers (e.g., models, mental
computation, paper-pencil, technology).

Authentic Connections to Other Content Standards:

e Nebraska Indicators: SC.HS.11.1.a0, SC.HS.11.1.b, SC.HS.11.1.c, SC.HS.3.3.c
e Open Sci Ed Bundle Pé: SC.HS.11.1.a, SC.HS.11.1.b, SC.HS.11.1.c, SC.HS.3.3.c

Words to support student discourse related to the Disciplinary Core Ideas (DCls):
e Energy, star life cycle, hydrogen, helium, atomic nuclei, subatomic particles, nucleus, proton, neutron, convection, radiation,
nuclear fusion, core, mass, nucleosynthesis, heavy elements, and any academic vocabulary related to a specific phenomena

Formative Assessment:
e Formative Task Repository

Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:
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e hitps://sipsassessments.org/

Knowledge, Skills, and Abilities
e KSA1: Develop a model that shows how nuclear energy reaches the earth as radiation.
e Develop and/or use a model to show the relationship between hydrogen, helium, and the process of nuclear fusion.
e Use a model to show the patterns in the amount of hydrogen and helium in star stages.
¢ Analyze evidence to show the relationship between star composition and star stages.
¢ Use a quantitative model to show the patterns in the amounts of energy produced in chemical reactions and nuclear reactions.
¢ |dentify the limitations of a model that represents the flow of energy from the sun to earth.
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Emphasis is on processes governing the formation, evolution, and workings of the solar system and universe as well as how matter
formed during the Big Bang and within the cores of stars.

» Indicator Code: SC.HS.11.1.b

Construct an explanation of the Big Bang theory based on astronomical evidence of light spectra, motion of distant galaxies, and
composition of matter in the universe. Emphasis is on the astronomical evidence of the red shift of light from galaxies as an indication
that the universe is currently expanding, the cosmic microwave background as the remnant radiation from the Big Bang, and the
observed composition of ordinary matter of the universe, primarily found in stars and interstellar gases (from the spectra of
electromagnetic radiation from stars), which matches that predicted by the Big Bang theory (3/4 hydrogen and 1/4 helium).

NGSS Comparison: HS-ESS1-2

SC.HS.11.1.0, SC.HS.11.1.c, SC.HS.11.1.d

Foundation Boxes:

Science and Engineering Practice (SEP) Crosscutting Concept (CCC)
Constructing Explanations and Designing Solutions Energy and Matter
e Energy cannot be created or destroyed-only moved
Constructing explanations and designing solutions in 9-12 builds between one place and another place, between objects
on K-8 experiences and progresses to explanations and designs and/or fields, or between systems.
that are supported by multiple and independent student-
generated sources of evidence consistent with scientific ideas,
principles, and theories.
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Science and Engineering Practice (SEP)

Crosscutting Concept (CCC)

e Construct an explanation based on valid and reliable
evidence obtained from a variety of sources (including
students’ own investigations, models, theories, simulations,
peer review) and the assumption that theories and laws that
describe the natural world operate today as they did in the
past and will continue to do so in the future.

Connections to Nature of Science

Science Models, Laws, Mechanisms, and Theories Explain Natural
Phenomena:
e A scientific theory is a substantiated explanation of some

aspect of the natural world, based on a body of facts that
have been repeatedly confirmed through observation and
experiment, and the science community validates each
theory before it is accepted. If new evidence is discovered
that the theory does not accommodate, the theory is
generally modified in light of this new evidence.

Connections to Engineering, Technology, and Applications of
Science

Interdependence of Science, Engineering, and Technology

e Science and engineering complement each other in the
cycle known as research and development (R&D). Many R&D
projects may involve scientists, engineers, and others with
wide ranges of expertise.

Connections to Nature of Science

Scientific Knowledge Assumes an Order and Consistency in
Natural Systems

e Scientific knowledge is based on the assumption that natural
laws operate today as they did in the past and they will
continue to do so in the future.

e Science assumes the universe is a vast single system in which

basic laws are consistent.

Disciplinary Core Idea (DCI)

ESS1.A: The Universe and lts Stars

e The study of stars’ light spectra and brightness is used to identify compositional elements of stars, their movements, and their

distances from Earth.

e The Big Bang theory is supported by observations of distant galaxies receding from our own, of the measured composition of
stars and non-stellar gases, and of the maps of spectra of the primordial radiation (cosmic microwave background) that still
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fills the universe.
e Ofher than the hydrogen and helium formed at the time of the Big Bang, nuclear fusion within stars produces all atomic nuclei

lighter than and including iron, and the process releases electromagnetic energy. Heavier elements are produced when
certain massive stars achieve a supernova stage and explode.

PS4.B: Electromagnetic Radiation
e Atoms of each element emit and absorb characteristic frequencies of light. These characteristics allow identification of the
presence of an element, even in microscopic quantities. (secondary to HS.11.1.B)

Possible Science and/or Engineering Phenomena to Support 3D Instruction
e Measured spectral line positions of observed galaxies were not exactly where they were expected (Hubble and Humason).
e Redshift or blueshift of specific celestial objects.
e The Microwave Sky, a map of COBE data, shows small temperature variation across “microwave sky.” Areas of warmer
radiation and areas of cooler radiation exist.
e There is an abundance of Hydrogen in the Universe making up 73% of all matter.
e Looking at the light from distant stars is similar to looking back in time.
e Whyis Space Black?
e Gravitational Waves and LIGO
e The Big Bang Theory
e Doppler shift

Evidence Statements

What does it look like to demonstrate proficiency on this indicator?

HS.11.1.b Construct an explanation of the Big Bang theory based on astronomical evidence of light spectra, motion of distant
galaxies, and composition of matter in the universe.
1. Articulating the explanation of phenomena
A. Students construct an explanation that includes a description* of how astronomical evidence from numerous sources is
used collectively to support the Big Bang theory, which states that the universe is expanding and that thus it was hotter
and denser in the past, and that the entire visible universe emerged from a very tiny region and expanded.
2. Evidence
A. Students identify and describe* the evidence to construct the explanation, including:
e The composition (hydrogen, helium and heavier elements) of stars;
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¢ The hydrogen-helium ratio of stars and interstellar gases;
e The redshift of the majority of galaxies and the redshift vs. distance relationship; and
¢ The existence of cosmic background radiation.

B. Students use a variety of valid and reliable sources for the evidence, which may include students’ own investigations,
theories, simulations, and peer review.
C. Students describe* the source of the evidence and the technology used to obtain that evidence.
3. Reasoning
A. Students use reasoning to connect evidence, along with the assumption that theories and laws that describe the natural

world operate today as they did in the past and will contfinue to do so in the future, to construct the explanation for the

early universe (the Big Bang theory). Students describe* the following chain of reasoning for their explanation:

e Redshifts indicate that an object is moving away from the observer, thus the observed redshift for most galaxies and
the redshift vs. distance relationship is evidence that the universe is expanding.

¢ The observed background cosmic radiation and the ratio of hydrogen to helium have been shown to be consistent
with a universe that was very dense and hot a long time ago and that evolved through different stages as it
expanded and cooled (e.g., the formation of nuclei from colliding protons and neutrons predicts the hydrogen-helium
ratio [numbers not expected from students], later formation of atoms from nuclei plus electrons, background radiation
was a relic from that time).

¢ An expanding universe must have been smaller in the past and can be extrapolated back in time to a tiny size from
which it expanded.

Grade Band Progressions:

Science and Engineering Practices (SEPs): Constructing Explanations and Designing Solutions

K-2

3-5

6-8

9-12

Constructing
Explanations in K-2 builds
on prior experiences and
progresses to ...

Constructing
Explanations in 3-5
builds on K-2
experiences and

Constructing Explanations in é- 8
builds on K-5 experiences and
progresses to...

Construct a scientific explanation

Constructing Explanations in 9-12 builds
on K-8 experiences and progresses to
college or career experiences.

Construct an explanation based on

n DEp,

B <,
& \%
H z
z H

o, >

8 o'
foycht

SCHS.11.1.b

30



K-2

3-5

6-8

9-12

Make observations
(firsthand or from media)
to construct an
evidence-based account
for natural phenomena.

progresses to ...

Use evidence (e.g.,
measurements,
observations, patterns)
to construct or support
an explanation or design
a solution to a problem.

based on valid and reliable

evidence obtained from sources

(including the students’ own

experiments) and the assumption
that theories and laws that describe
the natural world operate today as

they did in the past and will

continue to do so in the future.

valid and reliable evidence obtained
from a variety of sources (including
students’ own investigations, models,
theories, simulations, peer review) and
the assumption that theories and laws
that describe the natural world operate
today as they did in the past and will
continue to do so in the future.

Crosscutting Concepts (CCCs): Energy and Matter

K-2

3-5

6-8

9-12

Energy and Matter in K-2
builds on prior experiences
and progresses to ...

Objects may break into
smaller pieces, be put
together into larger pieces,
or change shapes.

builds on K-2
experiences and
progresses to ...

Energy can be
transferred in various
ways and between
objects.

Energy and Matter in 3-5

Energy and Matter in é- 8
builds on K-5 experiences
and progresses to...

Energy may take different

forms (e.g., energy in fields,

thermal energy, energy of
motion).

Energy and Matter in 9-12 builds on K-8
experiences and progresses to college or
career experiences.

Energy cannot be created or destroyed-
only moved between one place and
another place, between objects and/or
fields, or between systems.
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Disciplinary Core Ideas (DCls): ESS1.A: The Universe and Its Stars, PS4.B: Electiromagnetic Radiation

K-2

3-5

6-8

9-12

ESS1.A: The Universe and
Its Stars in K-2 builds on
prior experiences and
progresses to ...

Patterns of movement of
the sun, moon, and stars
as seen from Earth can
be observed, described,
and predicted.

PS4.B: Electromagnetic
Radiation in K-2 builds on
prior experiences and
progresses to ...

Objects can be seen only
when light is available to
illuminate them.

ESS1.A: The Universe and Its
Stars in 3-5 builds on K-2
experiences and progresses
to...

Stars range greatly in size
and distance from Earth,
and this can explain their
relative brightness.

P$4.B: Electromagnetic
Radiation in 3-5 builds on K-
2 experiences and
progresses to ...

Object can be seen when
light reflected from their
surface enters our eyes.

ESS1.A: The Universe and lts
Stars in é6- 8 builds on K-5
experiences and knowledge
and progresses to...

The solar system is part of the
Milky Way, which is one of
many billions of galaxies.

PS4.B: Electromagnetic
Radiation in é- 8 builds on K-5
experiences and knowledge
and progresses fo...

The construct of a wave is used
to model how light interacts
with objects.

ESS1.A: The Universe and lts Stars

in 9-12 builds on K-8 experiences and
knowledge and progresses to...

Light spectra from stars are used to
determine their characteristics,
processes, and lifecycles. Solar activity
creates the elements through nuclear
fusion. The development of technologies
has provided the astronomical data that
provide the empirical evidence for the
Big Bang theory.

PS4.B: Electromagnetic Radiation

in 9-12 builds on K-8 experiences and
knowledge and progresses to...

Both an electromagnetic wave model
and a photon model explain features of
electromagnetic radiation broadly and
describe common applications of
electromagnetic radiation.
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ELA Connections:

e LA.10.W.5 Write informative/explanatory pieces to clearly convey ideas, information, and concepts in which the development
and structure are appropriate to the task, discipline, purpose, and audience.

e a.Infroduce a topic clearly and provide a specific focus; organize complex ideas, concepts, and information to make clear
connections and distinctions including text features, illustrations, and/or multimedia elements.

e Db. Develop the topic with relevant, sufficient facts, extended definitions, concrete details, quotations, and/or other information
and examples.

e . Use appropriate and varied fransitions, domain-specific vocabulary, and varied syntax to manage the complexity of the
topic.

e d. Establish and maintain a formal style and objective tone while attending to the norms and conventions of the discipline.

e e.Provide a conclusion that follows from and supports the information or explanation and articulates the implications and/or
significance of the topic

e LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the
research question(s).

e a.Integrate information and evidence into writing selectively, accurately quoting or paraphrasing data and conclusions to
maintain the flow of ideas while avoiding plagiarism.

e b. Locate and evaluate the credibility of evidence (e.g., the expertise or motivation of the creator of an information product,
potential bias and/or deception, and social, political, and/or historical perspectives) from print and digital sources to generate
and answer questions and create new understandings.

e c.Select and use appropriate note-taking formats to collect and organize information.

e d.Demonstrate academic integrity by avoiding overreliance on any one source; cite sources using a variety of in-text citations
to enhance fluency; develop a list of sources that conforms to a style guide appropriate to the discipline (e.g., MLA, APA,
Chicago).

e e. Practice safe and ethical behaviors when communicating and interacting with others digitally.

Mathematics Connections:
¢ HS.N.1.f Convert equivalent rates (e.g., miles per hour to feet per second)
e HS.N.2.a Extend the properties of exponents to rational numbers.
¢ HS.A.3.a Analyze and model authentic situations using various representations and appropriate technology.
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Authentic Connections to Other Content Standards:
e Nebraska Indicators: SC.HS.11.1.0, SC.HS. 11.1.b, SC.HS. 11.1.c, SC.HS.11.1.d, HS.3.3.C
e Open Sci Ed Bundle Pé:SC.HS. 11.1.a, SC.HS.11.1.b, SC.HS.11.3.c, SC.HS.3.3.c

Words to support student discourse related to the Disciplinary Core Ideas (DCls):
e Galaxy, star, spectrum, spectra, electromagnetic radiation, wavelength, frequency, Doppler Effect, redshift, blueshift, light years,
Big Bang theory, cosmic microwave background radiation, and any academic vocabulary related to a specific phenomenon

Formative Assessment:
e Formative Task Repository

Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:
e hitps://sipsassessments.org/

Knowledge, Skills, and Abilities:
e Develop and/or use a model to show the relationship between hydrogen, helium, and the process of nuclear fusion.
e Use a model to show the patterns in the amount of hydrogen and helium in star stages.
¢ Analyze evidence to show the relationship between star composition and star stages.
e Analyze spectral data to show the relationship with galaxy motion.
¢ Analyze spectral data to show the relationship with galaxy distance.
e Develop and/or use a model to show the relationship between galaxy motion, spectral data, and how the universe has
changed over time.
¢ Use evidence of cosmic background radiation to describe the beginning of our universe.
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Emphasis is on processes governing the formation, evolution, and workings of the solar system and universe as well as how matter
formed during the Big Bang and within the cores of stars.

» Indicator Code: SC.HS.11.1.c

Communicate scientific ideas about the way stars, throughout their stellar stages, produce elements. Emphasis is on the way
nucleosynthesis, and therefore the different elements created varies as a function of the mass of a star and its stage. Details of the
many different nucleosynthesis pathways for stars of differing masses are not assessed.

NGSS Comparison: HS-ESS1-3 (modified)

SC.HS.11.1.0, SC.HS.11.1.b, SC.HS.11.1.d

Foundation Boxes:

Science and Engineering Practice (SEP) Crosscutting Concept (CCC)
Obtaining, Evaluating, and Communicating Information: Energy and Matter:
e In nuclear processes, atoms are not conserved, but
Obtaining, evaluating, and communicating information in 9-12 builds the total number of protons plus neutrons is
on K-8 experiences and progresses to evaluating the validity and conserved.
reliability of the claims, methods, and designs.
e Communicate scientific 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).
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Disciplinary Core Idea (DCI)

ESS1.A: The Universe and lis Stars:

e The study of stars’ light spectra and brightness is used to identify compositional elements of stars, their movements, and their
distances from Earth.

e Ofher than the hydrogen and helium formed at the time of the Big Bang, nuclear fusion within stars produces all atomic nuclei
lighter than and including iron, and the process releases electromagnetic energy. Heavier elements are produced when
certain massive stars achieve a supernova stage and explode.

Possible Science and/or Engineering Phenomena to Support 3D Instruction
e Stars are different colors.
e Betelgeuse is ared star, whereas Rigel is a blue star.
e Observe the patterns from a graph of relative abundance of elements in the Universe.
e Stars have unique spectra dominated by different absorption lines.
e Luminosity is a measure of a star’s radiation into space. Brightness is the amount of radiated light an observer sees on Earth.
e Sirius is the brightest star in the night sky. Proxima Centauri is the closest star to Earth.
e The Sun will become a planetary nebula/white dwarf.
e All things on Earth, and Earth itself, are made from the elements produced by stars and the death of stars.
e HR diagrams
e Spectroscopy lab - elements

Evidence Statements

What does it look like to demonstrate proficiency on this indicator?

HS.11.1.c Communicate scientific ideas about the way stars, throughout their stellar stages, produce elements.
1. Communication style and format
A. Students use at least two different formats (e.g., oral, graphical, textual, and mathematical) to communicate scientific
information and cite the origin of the information as appropriate.
2. Connecting the DCIs and the CCCs
A. Students identify and communicate the relationships between the life cycle of the stars, the production of elements, and
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the conservation of the number of protons plus neutrons in stars. Students identify that atoms are not conserved in nuclear
fusion, but the total number of protons plus neutrons is conserved.
B. Students describe* that:
e Helium and a small amount of other light nuclei (i.e., up to lithium) were formed from high-energy collisions starting
from protons and neutrons in the early universe before any stars existed.
e More massive elements, up to iron, are produced in the cores of stars by a chain of processes of nuclear fusion, which
also releases energy.
e Supernova explosions of massive stars are the mechanism by which elements more massive than iron are produced.
e There is a correlation between a star’'s mass and stage of development and the types of elements it can create

during its lifetime.

e Electromagnetic emission and absorption spectra are used to determine a star's composition, motion and distance to

Earth.

Critical Background Knowledge

Grade Band Progressions:

Science and Engineering Practices (SEPs): Obtaining, Evaluating, and Communicating Information

K-2

3-5

6-8

9-12

Obtaining, Evaluating, and
Communicating Information in K-
2 builds on prior experiences and
progresses to ...

Communicate information or
design ideas and/or solutions with
others in oral and/or written forms
using models, drawings, writing,
or numbers that provide detail
about scientific ideas, practices,

Obtaining, Evaluating, and
Communicating Information
in 3-5 builds on K-2
experiences and progresses
fo ..

Communicate scientific
and/or technical
information orally and/or in
written formats, including
various forms of media as
well as tables, diagrams,

Obtaining, Evaluating, and
Communicating Information
in 6— 8 builds on K-5
experiences and
progresses to...

Communicate scientific
and/or technical
information (e.g., about a
proposed object, toal,
process, system) in writing
and/or through oral

Obtaining, Evaluating, and
Communicating Information in 9-12
builds on K-8 experiences and
progresses to college or career
experiences.

Communicate scientific 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,
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K-2

3-5

6-8

9-12

and/or design ideas.

and charts.

presentations.

graphically, textually, and
mathematically).

Crosscutting Concepts (CCCs): Energy and Matter

K-2

3-5

6-8

9-12

Energy and Matter in
K-2 builds on prior
experiences and
progresses to ...

Energy and Matter in 3-
5 builds on K-2
experiences and
progresses to ...

Energy and Matter in é- 8
builds on K-5
experiences and
progresses to...

Energy and Matter in 9-12 builds on K-8 experiences
and progresses to college or career experiences.

In nuclear processes, atoms are not conserved, but the
total number of protons plus neutrons is conserved.

Disciplinary Core Ideas (DCls): ESS1.A: The Universe and lts Stars

K-2

3-5

6-8

9-12

ESS1.A: The Universe
and lts Stars in K-2 builds
on prior experiences
and progresses to ...

Patterns of movement of
the sun, moon, and stars
as seen from Earth can
be observed, described,
and predicted.

ESS1.A: The Universe and
Its Stars in 3-5 builds on
K-2 experiences and
progresses to ...

Stars range greatly in size
and distance from Earth,
and this can explain their
relative brightness.

ESS1.A: The Universe
and Its Stars in 6- 8
builds on K-5
experiences and
knowledge and
progresses to...

The solar system is part of
the Milkky Way, which is
one of many billions of
galaxies.

ESS1.A: The Universe and lis Stars in 9-12 builds on
K-8 experiences and knowledge and progresses
fo...

Light spectra from stars are used to determine their
characteristics, processes, and lifecycles. Solar
activity creates the elements through nuclear
fusion. The development of technologies has
provided the astronomical data that provide the
empirical evidence for the Big Bang theory.
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ELA Connections:

o LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the
task, purpose, and audience.

e LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the
research question(s).

e LA.12.RI.6 Compare and contrast the development of multiple arguments in texts of related topics, evaluating the effectiveness
and validity of the claims.

e LA.12.RI.7 Analyze and evaluate multiple perspectives within and across a wide range of informational texts.

¢ LA.12.SL.1 Communicate effectively and appropriately in collaborative activities for a variety of tasks, purposes, and audiences
to express ideas, share knowledge, and generate new understandings.

e LA.12.SL.2 Present information, findings, and supporting evidence effectively and in which the organization, development, and
style are appropriate to a variety of tasks, purposes, and audiences.

Mathematics Connections:

¢ HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and
interpret results in context.

e HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving
linear and quadratic equations, and inequalities.

e HS.A.3 Applications: Students will solve authentic problems using nonlinear functions.

e AT.N.1 Estimation and Technology: Students will use estimation strategies and technology to reason, to solve problems, and to
make connections within mathematics and across disciplines.

e AT.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and
interpret results in context.

e AT.A.1 Algebraic Relationships: Students will demonstrate and represent relationships with functions.

e AT.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and
organize data.

Avuthentic Connections to Other Content Standards:
e Nebraska Indicators: SC.HS. 11.1.0, SC.HS.11.1.b, SC.HS.11.3.c, SC.HS.3.3.c
e Open Sci Ed Bundle P6: SC.HS. 11.1.a, SC.HS.11.1.b, SC.HS.11.3.c, SC.HS.3.3.Cc
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Words to support student discourse related to the Disciplinary Core Ideas (DCls):
o Starlife cycle, mass, gravity, nucleosynthesis, elements, heavy elements, nuclear fusion, main sequence, red giant, blue giant,
white dwarf, planetary nebula, supernova, black hole, H-R Diagram, and any academic vocabulary related to a specific
phenomenon

Formative Assessment:
e Formative Task Repository

Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:
e hitps://sipsassessments.org/

Knowledge, Skills, and Abilities:
e KSA1: Develop and/or use a model to show the relationship between hydrogen, helium, and the process of nuclear fusion.
e KSA2: Use a model to show the patterns in the amount of hydrogen and helium in star stages.
¢ KSA3: Analyze evidence to show the relationship between star composition and star stages.
e KSA4: Analyze data to show the relationship between star motion and spectral data.
e KSA5: Develop and/or use a model to show the relationship between star mass and elements used in the process of nuclear
fusion.
e KSAé4: Gather information on the relationship between the largest elements in our universe and star stages.
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Emphasis is on processes governing the formation, evolution, and workings of the solar system and universe as well as how matter
formed during the Big Bang and within the cores of stars.

» Indicator Code: SC.HS.11.1.d

Use mathematical or computational representations to predict the motion of orbiting objects in the solar system. Emphasis is on
Newtonian gravitational laws governing orbital motions, which apply to human-made satellites as well as planets and moons.
Mathematical representations for the gravitational attraction of bodies and Kepler's Laws of orbital motions should not deal with more
than two bodies, nor involve calculus.

NGSS Comparison: HS-ESS1-4

SC.HS.11.1.0, SC.HS.11.1.b, SC.HS.11.1.c

Foundation Boxes:

Science and Engineering Practice (SEP) Crosscutting Concept (CCC)
Using Mathematical and Computational Thinking: Scale, Proportion, and Quantity:
e Algebraic thinking is used to examine scientific data and
Mathematical and computational thinking in 9-12 builds on K-8 predict the effect of a change in one variable on another
experiences and progresses to using algebraic thinking and (e.g., linear growth vs. exponential growth).
analysis, a range of linear and nonlinear functions including
trigonometric functions, exponentials and logarithms, and
computational tools for statistical analysis to analyze, represent, 8
and model data. Simple computational simulations are created
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Science and Engineering Practice (SEP)

Crosscutting Concept (CCC)

and used based on mathematical models of basic assumptions.
¢ Use mathematical or computational representations of
phenomena to describe explanations.

Connections to Engineering, Technology, and Applications of
Science

Interdependence of Science, Engineering, and Technology
e Science and engineering complement each other in the
cycle known as research and development (R&D). Many
R&D projects may involve scientists, engineers, and others
with wide ranges of expertise.

Disciplinary Core Idea (DCI)

ESS1.B: Earth and the Solar System:

e Kepler's laws describe common features of the motions of orbiting objects, including their elliptical paths around the sun.
Orbits may change due to the gravitational effects from, or collisions with, other objects in the solar system.

Possible Science and/or Engineering Phenomena to Support 3D Instruction

e How Do Sundials Work?

e Pipehenge: Poor Man's Stonehenge

e Protecting the Earth from Killer Asteroids
e Woman Hit by Meteorite

e Retrograde motion of planets

e Hunting for Earth 2.0

o Satellites orbit at different speeds, depending on how close they are to Earth

Evidence Statements

What does it look like to demonstrate proficiency on this indicator?

HS.11.1.d Observable features of the student performance by the end of the course:

1. Representation

A. Students identify and describe* the following relevant components in the given mathematical or computational
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representations of orbital motion: the trajectories of orbiting bodies, including planets, moons, or human-made

spacecraft; each of which depicts a revolving body's eccentricity e = f/d, where fis the distance between foci of an

ellipse, and d is the ellipse’s major axis length (Kepler's first law of planetary motion).
2, Mathematical or computational modeling

A. Students use the given mathematical or computational representations of orbital motion to depict that the square of a

revolving body’s period of revolution is proportional to the cube of its distance to a gravitational center (TA2«RA3, where
Tis the orbital period and R is the semi-major axis of the orbit — Kepler’s third law of planetary motion).

3. Analysis

A. Students use the given mathematical or computational representation of Kepler's second law of planetary motion (an

orbiting body sweeps out equal areas in equal time) to predict the relationship between the distance between an

orbiting body and its star, and the object’s orbital velocity (i.e., that the closer an orbiting body is to a star, the larger its

orbital velocity will be).
B. Students use the given mathematical or computational representation of Kepler's third law of planetary motion (TA2«RA3,

where T is the orbital period and R is the semi-major axis of the orbit) to predict how either the orbital distance or orbital

period changes given a change in the other variable.
C. Students use Newton'’s law of gravitation plus his third law of motion to predict how the acceleration of a planet towards

the sun varies with its distance from the sun, and to argue qualitatively about how this relates to the observed orbits.

Grade Band Progressions:

Science and Engineering Practices (SEPs): Using Mathematical and Computational Thinking

K-2

3-5

6-8

9-12

Use Mathematical and
Computational Thinking in
K-2 builds on prior
experiences and
progresses to ...

Describe, measure, and/or

Use Mathematical and
Computational Thinking in 3-5
builds on K-2 experiences and
progresses to ...

Describe, measure, estimate,
and/or graph quantities such

Use Mathematical and
Computational Thinking in 6- 8
builds on K-5 experiences and
progresses to...

Use mathematical
representations to describe

Use Mathematical and
Computational Thinking in 9-12
builds on K-8 experiences and
progresses to college or career
experiences.

Use mathematical or
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K-2

3-5

6-8

9-12

compare quantitative
attributes of different
objects and display the
data using simple graphs.

as areq, volume, weight, and
time to address scientific and
engineering questions and
problems.

and/or support scientific
conclusions and design

computational representations of
phenomena to describe

solutions.

explanations.

Crosscutting Concepts (CCCs): Scale, Proportion, and Quantity

K-2

3-5

6-8

9-12

Scale, Proportion, and
Quantity in K-2 builds on
prior experiences and
progresses to ...

Relative scales allow
objects and events to
be compared and
described (e.g., bigger
and smaller; hotter and
colder; faster and
slower).

Standard units are used
to measure length.

Scale, Proportion, and Quantity
in 3-5 builds on K-2
experiences and progresses to

Natural objects and/or
observable phenomena exist
from the very small to the
immensely large or from very
short to very long time periods.

Standard units are used to
measure and describe physical
quantities such as weight, time,
temperature, and volume.

Scale, Proportion, and Quantity in 6—
8 builds on K-5 experiences and
progresses to...

Scientific relationships can be
represented through the use of
algebraic expressions and equations.

Proportional relationships (e.g., speed
as the ratio of distance traveled to
time taken) among different types of
quantities provide information about
the magnitude of properties and
processes.

Scale, Proportion, and

Quantity in 9-12 builds on K-8
experiences and progresses

to college or career
experiences.

Algebraic thinking is used to
examine scientific data and

predict the effect of a

change in one variable on
another (e.g., linear growth

vs. exponential growth).

SC.HS.11.1.d

44



Disciplinary Core Ideas (DCls): ESS1.B: Earth and the Solar System

K-2

3-5

6-8

9-12

ESS1.B: Earth and the
Solar System in K-2
builds on prior
experiences and
progresses to ...

Patterns of movement of

ESS1.B: Earth and the Solar
System in 3-5 builds on K-2
experiences and progresses to ...

The Earth's orbit and rotation,
and the orbit of the moon
around the Earth cause

ESS1.B: Earth and the Solar
System in 6- 8 builds on K-5
experiences and knowledge
and progresses fo...

The solar system contains
many varied objects held

ESS1.B: Earth and the Solar System
in 9-12 builds on K-8 experiences
and knowledge and progresses to...

Kepler's laws describe common
features of the motions of orbiting
objects. Observations from

astronomy and space probes
provide evidence for explanations
of solar system formation. Changes
in Earth’s tilt and orbit cause
climate changes such as Ice Ages.

ELA Connections:

o LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the
task, purpose, and audience.

e LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the
research question(s).

e LA.12.RI.6 Compare and contrast the development of multiple arguments in texts of related topics, evaluating the effectiveness
and validity of the claims.

e LA.12.RI.7 Analyze and evaluate multiple perspectives within and across a wide range of informational texts.

e LA.12.SL.1 Communicate effectively and appropriately in collaborative activities for a variety of tasks, purposes, and audiences
to express ideas, share knowledge, and generate new understandings.

e LA.12.SL.2 Present information, findings, and supporting evidence effectively and in which the organization, development, and

together by gravity. Solar
system models explain and
predict eclipses, lunar phases,
and seasons.

the sun, moon, and stars
as seen from Earth can
be observed, described,
and predicted.

observable patterns.
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style are appropriate to a variety of tasks, purposes, and audiences.

Mathematics Connections:

¢ HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and
interpret results in context.

e HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving
linear and quadratic equations, and inequalities.

e HS.A.3 Applications: Students will solve authentic problems using nonlinear functions.

e AT.N.1 Estimation and Technology: Students will use estimation strategies and technology to reason, to solve problems, and to
make connections within mathematics and across disciplines.

¢ AT.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and
interpret results in context.

e AT.A.1 Algebraic Relationships: Students will demonstrate and represent relationships with functions.

e AT.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and
organize data.

Authentic Connections to Other Content Standards:

e Nebraska Indicators: SC. HS.1.1.d, SC.HS. 11.1.a0, SC.HS.11.1.b, SC.HS.11.3.c
e Open Sci Ed Bundle P4: SC.HS.11.1.d, SC.HS.14.4b, SC.HS.1.1.d, SC.HS.4.4.0, SC.HS.4.4.b

Words to support student discourse related to the Disciplinary Core Ideas (DCls):
e Potential energy, conservation, conversion, field, kinetic energy, gravitational force, Newton's Law of Gravitation, Kepler's Law,
orbit, satellite, exoplanet, eccentricity, foci, acceleration, and any academic vocabulary related to a specific phenomena

Formative Assessment:
e NDE Formative Assessment Task Repository

Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:
e https://sipsassessments.org/
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Knowledge, Skills, and Abilities:

e KSA1: Analyze a model to determine the relationship between focal distance and eccentricity.

e KSA2: Use eccentricity data to explain the relationship between eccentricity and orbital shapes.

e KSA3: Analyze orbital data to describe the relationship between orbit size and orbital period.

e KSA4: Use a model to predict the speed of an orbiting body during its orbit around the sun.

e KSAS5: Analyze data to determine the relationship between force of gravity and distance between two objects in space.
e KSA6: Use patterns in data to describe the relationship between Kepler's second law and Newton's law of gravitation.
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Topic Code: SC.HS.12 Weather and Climate
Standard Code: SC.HS.12.2 Gather, analyze, and communicate evidence to support that Earth's climate
and weather are influenced by energy flow through Earth systems.

Students understand the system interactions that control weather and climate, with a major emphasis on the mechanisms and
implications of climate change and how energy flows through Earth’s systems. Students can understand the analysis and interpretation
of different kinds of geoscience data allow students to construct explanations for the many factors that drive climate change over a
wide range of time scales.

» Indicator Code: SC.HS.12.2.a

Construct an explanation based on evidence for how the sun’s energy moves among Earth'’s system:s.

NGSS Comparison: None

Other Indicators in this Standard

SC.HS.12.2.b, SC.HS.12.2.c, SC.HS.12.2.d

Concepts and Skills to Master

Foundation Boxes:

Science and Engineering Practice (SEP) Crosscutting Concept (CCC)
Constructing Explanations and Designing Solutions: Systems and System Models:

e Construct and revise an explanation based on valid and e Models (e.g., physical, mathematical, computer models)
reliable evidence obtained from a variety of sources can be used to simulate systems and interactions—
(including students’ own investigations, models, theories, including energy matter, and information flows—within
simulations, peer review) and the assumption that theories and between systems at different scales.
and laws that describe the natural world operate today as
they did in the past and will continue to do so in the future.
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC)

Disciplinary Core Idea (DCI)

ESS1.B: Earth and the Solar System:
e Cyclical changes in the shape of Earth’s orbit around the sun, together with changes in the tilt of the planet’s axis of rotation,
both occurring over hundreds of thousands of years, have altered the intensity and distribution of sunlight falling on the earth.
These phenomena cause a cycle of ice ages and other gradual climate changes.

ESS2.A: Earth Materials and System:s:

e The geological 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 fime scales from sudden (e.g., volcanic ash clouds) to intermediate (ice
ages) to very long-term tectonic cycles.

ESS2.D: Weather and Climate:
e The foundation for Earth’s global climate systems is the electromagnetic radiation from the sun, as well as its reflection,

absorption, storage, and redistribution among the atmosphere, ocean, and land systems, and this energy’s re-radiation into
space.

Possible Science and/or Engineering Phenomena to Support 3D Instruction

e The Polar vortex causes extreme weather events such as the freezing of Niagara Falls in 2014.

e Sand from the Sahara Desert is found in the Gulf of Mexico.

e During the year, Alaska can receive up to 24 hours of sunlight but is still covered in snow.

¢ The amount of solar energy through the seasons is dependent on latitude and axial filt.

e Past data shows natural fluctuations between ice ages and interglacial periods.

e The sky is blue during most of the day and changes colors during sunrise and sunset.

e Airtemperatures in downtown areas are warmer than in suburban or urban areas. (Urban Heat Island)
e Deserts occur in predictable patterns by latitude.
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e The Earth and the Moon get the same amount of solar energy but are very different temperatures.
e There are globalimpacts due to El Nino/ENSO/La Ning, including changes to wind patterns, currents, weather, and climate.

Evidence Statements

What does it look like to demonstrate proficiency on this indicator?

SC.HS.12.2.A Construct an explanation based on evidence for how the sun’s energy moves among Earth’s systems.
1. Articulating the explanation of phenomena

A. Students construct an explanation that addresses the phenomenon at hand.
2. Evidence
A. Students identify and describe* evidence to construct their explanation
B. Students use a variety of valid and reliable sources for the evidence (e.g., data from investigations, theories, simulations,
peer review).
C. Students describe* the source of the evidence and the technology used to obtain that evidence.
3. Reasoning
A. Students use reasoning to connect the evidence, along with the assumption that theories and laws that describe the
natural world operate foday as they did in the past and will continue to do so in the future, to construct the explanation.
B. Students describe* reasoning for how the evidence allows for the distinction between causal and correlational
relationships.
4. Revising the explanation
A. Given new evidence or context, students construct a revised or expanded explanation about the phenomenon at hand

and justify the revision.

Critical Background Knowledge

Grade Band Progressions:

Science and Engineering Practices (SEPs): Constructing Explanations and Designing Solutions
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K-2

3-5

6-8

9-12

Constructing
Explanations in K-2
builds on prior
experiences and
progresses to ...

Use information from
observations (firsthand
and from media) to
construct an evidence-
based account for
natural phenomena.

Constructing Explanations
in 3-5 builds on K-2
experiences and
progresses to ...

Use evidence (e.g.,
measurements,
observations, patterns) to
construct or support an
explanation or design a
solution to a problem.

Constructing Explanations in é6- 8
builds on K-5 experiences and
progresses to...

Construct a scientific explanation
based on valid and reliable
evidence obtained from sources
(including the students’ own
experiments) and the assumption
that theories and laws that describe
the natural world operate today as
they did in the past and will
continue to do so in the future.

Constructing Explanations in 9-12 builds
on K-8 experiences and progresses to
college or career experiences.

Construct and revise an explanation
based on valid and reliable evidence
obtained from a variety of sources
(including students’ own investigations,
models, theories, simulations, peer
review) and the assumption that theories
and laws that describe the natural world
operate today as they did in the past
and will continue to do so in the future.

Crosscutting Concepts (CCCs): Systems and System Models

K-2

3-5

6-8

9-12

Systems and System Models in
K-2 builds on prior experiences
and progresses fo ...

Objects and organisms can be

Systems in the natural and
designed world have parts that
work together.

described in terms of their parts.

Systems and System
Models in 3-5 builds
on K-2 experiences
and progresses to ...

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

Systems and System Models in
6- 8 builds on K-5 experiences
and progresses fo...

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

Systems and System Models in 9-12 builds
on K-8 experiences and progresses to
college or career experiences.

Models (e.g., physical, mathematical,
computer models) can be used to
simulate systems and interactions—
including energy matter, and information
flows—within and between systems at
different scales.
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Disciplinary Core Ideas (DCls): ESS1.B: Earth and the Solar System, ESS2.A: Earth Materials and Systems, ESS2.D: Weather

and Climate

K-2

3-5

6-8

9-12

ESS1.B: Earth and the
Solar System in K-2 builds
on prior experiences and
progresses to ...

Patterns of movement of
the sun, moon, and stars
as seen from Earth can be
observed, described, and
predicted.

ESS2.A: Earth Materials
and Systems in K-2 builds
on prior experiences and
progresses to ...

Wind and water can
change the shape of the
land.

ESS2.D: Weather and
Climate in K-2 builds on
prior experiences and
progresses to ...

Weather is the
combination of sunlight,
wind, snow or rain, and

ESS1.B: Earth and the Solar
System in 3-5 builds on K-2
experiences and progresses to

The Earth’s orbit and rotation,
and the orbit of the moon
around the Earth cause
observable patterns.

ESS2.A: Earth Materials and
Systems in 3-5 builds on K-2
experiences and progresses to

Four major Earth systems
interact. Rainfall helps to shape
the land and affects the types

of living things found in a region.

Water, ice, wind, organismes,
and gravity break rocks, soils,
and sediments into smaller

pieces and move them around.

ESS2.D: Weather and Climate in
3-5 builds on K-2 experiences
and progresses to ...

ESS1.B: Earth and the Solar
System in 6- 8 builds on K-5
experiences and knowledge
and progresses to...

The solar system contains
many varied objects held
together by gravity. Solar
system models explain and
predict eclipses, lunar phases,
and seasons.

ESS2.A: Earth Materials and
Systems in é- 8 builds on K-5
experiences and knowledge
and progresses to...

Energy flows and matter
cycles within and among
Earth’s systems, including the
sun and Earth’s interior as
primary energy sources. Plate
tectonics is one result of these
processes.

ESS2.D: Weather and Climate
in é- 8 builds on K-5
experiences and knowledge

ESS1.B: Earth and the Solar System in
9-12 builds on K-8 experiences and
knowledge and progresses to...

Kepler's laws describe common
features of the motions of orbiting
objects. Observations from astronomy
and space probes provide evidence
for explanations of solar system
formation. Changes in Earth’s tilt and
orbit cause climate changes such as
Ice Ages.

ESS2.A: Earth Materials and Systems in
9-12 builds on K-8 experiences and
knowledge and progresses to...

Feedback effects exist within and
among Earth’s system:s.

ESS2.D: Weather and Climate in 9-12
builds on K-8 experiences and
knowledge and progresses to...

The role of radiation from the sun and
its interactions with the atmosphere,
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K-2 3-5 6-8 9-12
temperature in a Climate describes patterns of and progresses to... ocean, and land are the foundation
particular region and typical weather conditions over for the global climate system. Global
time. People record different scales and variations. | Complexinteractions climate models are used to predict
weather patterns over Historical weather patterns can determine 'OCfC” weather future changes, including changes
time. be analyzed. patterns and influence influenced by human behavior and
climate, including the role of | qtural factors.
the ocean.

Related Cross-Curricular Standards: Current Grade Level

ELA Connections:

e LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the
fask, purpose, and audience.

e LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the
research question(s).

e LA.12.RI.6 Compare and contrast the development of multiple arguments in texts of related topics, evaluating the effectiveness
and validity of the claim:s.

e LA.12.RI.7 Analyze and evaluate multiple perspectives within and across a wide range of informational texts.

e LA.12.SL.T1 Communicate effectively and appropriately in collaborative activities for a variety of tasks, purposes, and audiences
to express ideas, share knowledge, and generate new understandings.

e LA.12.SL.2 Present information, findings, and supporting evidence effectively and in which the organization, development, and
style are appropriate to a variety of tasks, purposes, and audiences.

Mathematics Connections:
e HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and
interpret results in context.
e HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving
linear and quadratic equations, and inequalities.
e HS.A.3 Applications: Students will solve authentic problems using nonlinear functions.
e AT.N.1 Estimation and Technology: Students will use estimation strategies and technology to reason, to solve problems, and to
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make connections within mathematics and across disciplines.

e AT.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and
interpret results in context.

e AT.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and
organize data.

e AT.D.3 Probability: Students will interpret and apply concepts of probability.

Connection To Other Grade Level Indicators

Authentic Connections to Other Content Standards:
e Nebraska Indicators: SC.HS.8.3.a, SC.HS.12.2.b, SC.HS.12.2.c, SC.HS.12.2.d
e OpenSciEd Cl1:SC.HS.4.4.0,SC.HS.4.4.e, SC.HS.13.3.0, SC.HS.12.2.b, SC.HS.14.4.d, SC.HS.15.5.0, SC.HS.12.2.c, SC.HS.15.5.f
e OpenSciEdPé:SC.HS. 11.1.a0, SC.HS.11.1.b, SC.HS.11.1.c, SC.HS.3.3.c

Academic Language Development

Words to support student discourse related to the Disciplinary Core Ideas (DCls):

e Energy, greenhouse effect, uneven heating, absorbed (energy/light), reflected (energy/light), albedo, forcing, feedback,
scattered (energy/light), latitude, weather, climate, equator, hemisphere, solar energy, insolation, high pressure, low pressure,
latitude, weather, climate, equator, hemisphere, precipitation, orbit, axis, filf, rotation, atmospheric currents, tfrade winds,
westerlies, easterlies, ozone, and any academic vocabulary related to a specific phenomena

Assessment Considerations

Formative Assessment:
e NDE Formative Assessment Task Repository

Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:
e https://sipsassessments.org/

Knowledge, Skills, and Abilities:
e KSA1: Ask questions about how energy moves through Earth’s systems.
e KSA2: Identify cause and effect relationships as energy moves through Earth’s system:s.
e KSA3: Gather evidence that shows the relationship between Earth systems, climate, and various timescales.
e KSA4: Construct an explanation on the difference between causal and correlational relationships.
e KSAS5: Construct an explanation on how different mechanisms for climate change work at various scales.
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Standard Code: SC.HS.12.2 Gather, analyze, and communicate evidence to support that Earth's climate and

weather are influenced b oy flow through Earth systems.

Students understand the system interactions that control weather and climate, with a major emphasis on the mechanisms and
implications of climate change and how energy flows through Earth’s systems. Students can understand the analysis and interpretation
of different kinds of geoscience data allow students to construct explanations for the many factors that drive climate change over a
wide range of fime scales.

» Indicator Code: SC.HS.12.2.b

Use a model to describe how variations in the flow of energy into and out of Earth’s systems result in changes in climate. Examples of
the causes of climate change differ by timescale, over 1-10 years: large volcanic eruption, ocean circulation; 10-100s of years:
changes in human activity, ocean circulation, solar output; 10-100s of thousands of years: changes to Earth's orbit and the orientation
of its axis; and 10-100s of millions of years: long-term changes in atmospheric composition. Assessment of the results of changes in
climate is limited to changes in surface temperatures, precipitation patterns, glacial ice volumes, sea levels, and biosphere distribution.

NGSS Comparison: HS-ESS2-4

Other Indicators in this Standard

SC.HS.12.2.0, SC.HS.12.2.c, SC.HS.12.2.d

Concepts and Skills to Master

Foundation Boxes:

Science and Engineering Practice (SEP) Crosscutting Concept (CCC)
Developing and Using Models: Cause and Effect:

e Empirical evidence is required to differentiate between
Modeling in 9-12 builds on K-8 experiences and progresses to cause and correlation and make claims about specific
using, synthesizing, and developing models to predict and show causes and effects.
relationships among variables between systems and their
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC)

components in the natural and designed world(s).
e 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.

Connections to the nature of science

Scientific Knowledge is Based on Empirical Evidence:
e Science arguments are strengthened by multiple lines of
evidence supporting a single explanation.

Disciplinary Core Idea (DCI)

ESS1.B: Earth and the Solar System:
e Cyclical changes in the shape of Earth’s orbit around the sun, together with changes in the tilt of the planet’s axis of rotation,
both occurring over hundreds of thousands of years, have altered the intensity and distribution of sunlight falling on the earth.
These phenomena cause a cycle of ice ages and other gradual climate changes.

ESS2.A: Earth Materials and Systems:

e The geological 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.

ESS2.D: Weather and Climate:
e The foundation for Earth’s global climate systems is the electromagnetic radiation from the sun, as well as its reflection,
absorption, storage, and redistribution among the atmosphere, ocean, and land systems, and this energy’s re-radiation into
space.

Possible Science and/or Engineering Phenomena to Support 3D Instruction

e Increase in heat waves.
e Increase in sea level
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e Increase in droughts

e Bleaching of coral reefs

e CO2 trapping concrete

e Ginkgo free dropping leaves later and later each year
e Melting Antarctica

e Weather patterns becoming more extreme

e Variations in rainfall

e Dark Snow Project

Evidence Statements

What does it look like to demonstrate proficiency on this indicator?

HS.12.2.b Use a model to describe how variations in the flow of energy into and out of Earth’s systems result in changes in climate.
1. Components of the model:

A. From the given model, students identify and describe* the components of the model relevant for their mechanistic
descriptions. Given models include at least one factor that affects the input of energy, at least one factor that affects the
output of energy, and at least one factor that affects the storage and redistribution of energy. Factors are derived from
the following list:

e Changes in Earth’s orbit and the orientation of its axis;

e Changesin the sun's energy output;

e Configuration of continents resulting from tectonic activity;

e Ocean circulation;

e Atmospheric composition (including amount of water vapor and CO2);
e Atmospheric circulation;

e Volcanic activity;

e Glaciation;

e Changes in extent or type of vegetation cover; and

e Human activities.

B. From the given model, students identify the relevant different time scales on which the factors operate.
2. Relationships
A. Students identify and describe* the relationships between components of the given model, and organize the factors from

the given model into three groups:
¢ Those that affect the input of energy;
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e Those that affect the output of energy; and
e Those that affect the storage and redistribution of energy

B. Students describe* the relationships between components of the model as either causal or correlational.
3. Connections
A. Students use the given model to provide a mechanistic account of the relationship between energy flow in Earth’s
systems and changes in climate, including:
B. The specific cause and effect relationships between the factors and the effect on energy flow into and out of Earth’s

systems; and

¢ The net effect of all of the competing factors in changing the climate.

Critical Background Knowledge

Grade Band Progressions:

Science and Engineering Practices (SEPs): Developing and Using Models

K-2

3-5

6-8

9-12

Developing and Using
Models in K-2 builds on prior
experiences and progresses
fo...

Develop and/or use a model
to represent amounts,
relationships, relative scales
(bigger, smaller), and/or
patterns in the natural and
designed world(s).

Developing and Using
Models in 3-5 builds on K-2
experiences and progresses
fo ...

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

Developing and Using Models in 6- 8
builds on K-5 experiences and
progresses to...

Develop or modify a model—based
on evidence - to match what
happens if a variable or component
of a system is changed.

Use and/or develop a model of
simple systems with uncertain and
less predictable factors.

Developing and Using Models
in 9-12 builds on K-8
experiences and progresses to
college or career experiences.

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.
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Crosscutting Concepts (CCCs): Cause and Effect

K-2

3-5

6-8

9-12

Cause and Effect in K-2
builds on prior experiences
and progresses fo ...

Simple tests can be
designed to gather
evidence to support or
refute student ideas about
causes.

Cause and Effect in 3-5 builds
on K-2 experiences and
progresses to ...

Events that occur together
with regularity might or might
not be a cause-and-effect
relationship.

Cause and Effect in 6- 8 builds
on K-5 experiences and
progresses to...

Relationships can be classified
as causal or correlational, and
correlation does not necessarily
imply causation.

Cause and Effect in 9-12 builds on K-
8 experiences and progresses to
college or career experiences.

Empirical evidence is required to
differentiate between cause and
correlation and make claims about
specific causes and effects.

Disciplinary Core Ideas (DCls): ESS1.B: Earth and the Solar System, ESS2.A: Earth Materials and Systems, ESS2.D: Weather

and Climate

K-2

3-5

6-8

9-12

ESS1.B: Earth and the Solar
System in K-2 builds on prior
experiences and
progresses to ...

Patterns of movement of
the sun, moon, and stars as
seen from Earth can be
observed, described, and
predicted.

ESS1.B: Earth and the Solar
System in 3-5 builds on K-2
experiences and progresses to ...

The Earth’s orbit and rotation,
and the orbit of the moon
around the Earth cause
observable patterns.

ESS1.B: Earth and the Solar
System in 6- 8 builds on K-5
experiences and knowledge
and progresses to...

The solar system contains many
varied objects held together by
gravity. Solar system models
explain and predict eclipses,
lunar phases, and seasons.

ESS1.B: Earth and the Solar System
in 9-12 builds on K-8 experiences
and knowledge and progresses
fo...

Kepler's laws describe common
features of the motions of orbiting
objects. Observations from
astronomy and space probes
provide evidence for explanations
of solar system formation. Changes
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K-2

3-5

6-8

9-12

ESS2.A: Earth Materials and
Systems in K-2 builds on
prior experiences and
progresses to ...

Wind and water can
change the shape of the
land.

ESS2.D: Weather and
Climate in K-2 builds on
prior experiences and
progresses to ...

Weather is the combination
of sunlight, wind, snow or
rain, and temperature in a
particular region and fime.
People record weather
patterns over time.

ESS2.A: Earth Materials and
Systems in 3-5 builds on K-2

experiences and progresses to ...

Four major Earth systems interact.

Rainfall helps to shape the land
and affects the types of living
things found in a region. Water,
ice, wind, organisms, and gravity
break rocks, soils, and sediments
into smaller pieces and move
them around.

ESS2.D: Weather and Climate in
3-5 builds on K-2 experiences
and progresses fo ...

Climate describes patterns of
typical weather conditions over
different scales and variations.
Historical weather patterns can
be analyzed.

ESS2.A: Earth Materials and
Systems in é- 8 builds on K-5
experiences and knowledge
and progresses fo...

Energy flows and matter cycles
within and among Earth’s
systems, including the sun and
Earth’s interior as primary
energy sources. Plate tectonics
is one result of these processes.

ESS2.D: Weather and Climate in
6- 8 builds on K-5 experiences
and knowledge and progresses
fo...

Complex interactions
determine local weather
patterns and influence climate,
including the role of the ocean.

in Earth’s filt and orbit cause
climate changes such as Ice Ages.

ESS2.A: Earth Materials and
Systems in 9-12 builds on K-8
experiences and knowledge and
progresses to...

Feedback effects exist within and
among Earth’s systems.

ESS2.D: Weather and Climate in 9-
12 builds on K-8 experiences and
knowledge and progresses to...

The role of radiation from the sun
and its interactions with the
atmosphere, ocean, and land are
the foundation for the global
climate system. Global climate
models are used to predict future
changes, including changes
influenced by human behavior
and natural factors.

Related Cross-Curricular Standards: Current Grade Level

ELA Connections:

e LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the
fask, purpose, and audience.
e LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the
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research question(s).

e LA.12.RI.6 Compare and contrast the development of multiple arguments in texts of related topics, evaluating the effectiveness
and validity of the claim:s.

e LA.12.RI.7 Analyze and evaluate multiple perspectives within and across a wide range of informational texts.

e LA.12.SL.T1 Communicate effectively and appropriately in collaborative activities for a variety of tasks, purposes, and audiences
to express ideas, share knowledge, and generate new understandings.

e LA.12.SL.2 Present information, findings, and supporting evidence effectively and in which the organization, development, and
style are appropriate to a variety of tasks, purposes, and audiences.

Mathematics Connections:

e HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and
interpret results in context.

e HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving
linear and quadratic equations, and inequalities.

e HS.A.3 Applications: Students will solve authentic problems using nonlinear functions.

e AT.N.1 Estimation and Technology: Students will use estimation strategies and technology to reason, to solve problems, and to
make connections within mathematics and across disciplines.

e AT.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and
interpret results in context.

e AT.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and
organize data.

e AT.D.3 Probability: Students will interpret and apply concepts of probability.

Connection To Other Grade Level Indicators

Authentic Connections to Other Content Standards:
e Nebraska Standards: SC.HS.12.2.a, SC.HS.12.2.c, SC.HS.12.2.d, SC.HS.7.2.c, SC.HS.7 2.
e OpenSciEdC1:SC.HS.4.4.0,SC.HS.4.4.e, SC.HS.13.3.0, SC.HS.12.2.b, SC.HS.14.4.d, SC.HS.15.5.0, SC.HS.12,2.c, SC.HS.15.5.f
e OpenScie Ed P5: SC.HS.1.1.e. SC.HS.2.2.0, SC.HS.2.2.b, SC.HS.2.2.c, SC.HS.2.2.d, SC.HS.2.2.f, SC.HS.12.2.b

Academic Language Development

Words to support student discourse related to the Disciplinary Core Ideas (DCls):
e Earth systems, climate change, energy input, energy output, energy storage, Earth’s orbit, solar output, ocean circulation,
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volcanic activity, vegetation, cause and effect, and any academic vocabulary related to a specific phenomena

Assessment Considerations

Formative Assessment:
e NDE Formative Assessment Task Repository

Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:
e https://sipsassessments.org/

Knowledge, Skills, and Abilities:
e |dentify cause and effect relationships as energy moves through Earth’s system:s.
e Students describe components of a model as energy input, output or storage.
o Students describe components of a model in terms of their relevant timescales (geologic or human timescale).
e Use a model to describe causal and correlational relationships.
e Use a model to describe relationships between energy moving in Earth’s systems and climate change.

% SC.HS.12.2.b 62


https://www.education.ne.gov/assessment/nscas-science/
https://sipsassessments.org/

Standard Code: SC.HS.12.2 Gather, analyze, and communicate evidence to support that Earth's climate and

weather are influenced b oy flow through Earth systems.

Students understand the system interactions that control weather and climate, with a major emphasis on the mechanisms and
implications of climate change and how energy flows through Earth’s systems. Students can understand the analysis and interpretation
of different kinds of geoscience data allow students to construct explanations for the many factors that drive climate change over a
wide range of fime scales.

» Indicator Code: SC.HS.12.2.c

Analyze geoscience data and the results from global climate models to make an evidence-based forecast of the current rate and
scale of global or regional climate changes. Examples of evidence, for both data and climate model outputs, are for climate changes
(such as precipitation and temperature).

NGSS Comparison: HS-ESS3-5 (modified)

Other Indicators in this Standard

SC.HS.12.2.0, SC.HS.12.2.b, SC.HS.12.2.d

Concepts and Skills to Master

Foundation Boxes:

Science and Engineering Practice (SEP) Crosscutting Concept (CCC)

Analyzing and Interpreting Data: Stability and Change:

‘ ‘ ‘ ‘ ¢ Change and rates of change can be quantified and
Analyzing data in 9-12 builds on K-8 experiences and progresses modeled over very short or very long periods of time.

of data sefts for consistency, and the use of models to generate
and analyze data. %

e Analyze data using computational models in order to
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC)

make valid and reliable scientific claims.
Connections to the nature of science

Scientific Investigations Use a Variety of Methods:
e Science investigations use diverse methods and do not
always use the same set of procedures to obtain data.
¢ New technologies advance scientific knowledge.

Scientific Knowledge is Based on Empirical Evidence:
e Science knowledge is based on empirical evidence.
e Science arguments are strengthened by multiple lines of
evidence supporting a single explanation.

Disciplinary Core Idea (DCI)

ESS2.D: Weather and Climate:
e Changes in the atmosphere due to human activity have increased carbon dioxide concentrations and thus affect climate.

ESS3.D: Global Climate Change:
e 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.

Possible Science and/or Engineering Phenomena to Support 3D Instruction

e Increase in heat waves.

e Increase in sea level

e Increase in droughts

e Increase in rainfall

e Climate Change: What happens if the world warms up by 2°C?
e Dark Snow Project

e Keeling Curve

e GClobal Climate Models
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Evidence Statements

What does it look like to demonstrate proficiency on this indicator?

HS.12.2.C Analyze geoscience data and the results from global climate models to make an evidence-based forecast of the current
rate and scale of global or regional climate changes.
1. Organizing data
A. Students organize data (e.g., with graphs) from global climate models (e.g., computational simulations) and climate
observations over time that relate to the effect of climate change on the physical parameters or chemical composition
of the atmosphere, geosphere, hydrosphere, or cryosphere.

B. Students describe* what each data set represents.
2. Identifying relationships
A. Students analyze the data and identify and describe* relationships within the datasets, including:

¢ Changes over time on multiple scales; and
e Relationships between quantities in the given data.
3. Interpreting data

A. Students use their analysis of the data to describe* a selected aspect of present or past climate and the associated
physical parameters (e.g., temperature, precipitation, sea level) or chemical composition (e.g., ocean pH) of the
atmosphere, geosphere, hydrosphere or cryosphere.

B. Students use their analysis of the data to predict the future effect of a selected aspect of climate change on the physical
parameters (e.g., temperature, precipitation, sea level) or chemical composition (e.g., ocean pH) of the atmosphere,
geosphere, hydrosphere or cryosphere.

C. Students describe* whether the predicted effect on the system is reversible or irreversible.

D. Students identify one source of uncertainty in the prediction of the effect in the future of a selected aspect of climate
change.

E. In their interpretation of the data, students:

e Make a statement regarding how variation or uncertainty in the data (e.g., limitations, accuracy, any bias in the data
resulting from choice of sample, scale, instrumentation, etc.) may affect the interpretation of the data; and
e |dentify the limitations of the models that provided the simulation data and ranges for their predictions.

Critical Background Knowledge

Grade Band Progressions:
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Science and Engineering Practices (SEPs):

Analyzing and Interpreting Data

K-2

3-5

6-8

9-12

Analyzing and Interpreting Data in K-2
builds on prior experiences and progresses
fo...

and ideas).

Use and share pictures, drawings, and/or
writings of observations.

Use observations (firsthand or from media)
to describe patterns and/or relationships in
the natural and designed world(s) in order
to answer scientific questions and solve
problems.

Compare predictions (based on prior
experiences) to what occurred
(observable events).

Record information (observations, thoughts,

Analyzing and
Interpreting Data
in 3-5 builds on K-
2 experiences
and progresses to

Represent data in
tables and/or
various graphical
displays (bar
graphs,
pictographs,
and/or pie charts)
to reveal patterns
that indicate
relationships.

Analyzing and Interpreting Data in 6- 8
builds on K-5 experiences and
progresses to...

Construct, analyze, and/or interpret
graphical displays of data and/or large
data sets to identify linear and nonlinear
relationships.

Use graphical displays (e.g., maps,
charts, graphs, and/or tables) of large
data sefts to identify temporal and spatial
relationships.

Distinguish between causal and
correlational relationships in data.

Analyze and interpret data to provide
evidence for phenomena.

Analyzing and
Interpreting Data in 9-12
builds on K-8
experiences and
progresses to college or
career experiences.

Analyze data using
computational models
in order to make valid
and reliable scientific
claims.

Crosscutting Concepts (CCCs): Stability and Change

K-2 3-5

6-8

9-12

Stability and Change
in K-2 builds on prior
experiences and

Stability and Change in 3-5
builds on K-2 experiences
and progresses fo ...

Stability and Change in é- 8 builds on K-5
experiences and progresses to...

Explanations of stability and change in natural

Stability and Change in 9-12
builds on K-8 experiences and
progresses to college or career
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K-2

3-5

6-8

9-12

progresses to ...

Some things stay the
same while other
things change.

Things may change
slowly or rapidly.

Change is measured in
terms of differences over
time and may occur at
different rates.

Some systems appear
stable, but over long
periods of time will
eventually change.

over time.

or designed systems can be constructed by
examining the changes over time and forces
at different scales, including the atomic scale.

Small changes in one part of a system might
cause large changes in another part.

Stability might be disturbed either by sudden
events or gradual changes that accumulate

experiences.

Change and rates of change
can be quantified and
modeled over very short or very
long periods of time. Some
system changes are irreversible.

Disciplinary Core Ideas (DCls): ESS2.D: Weather and Climate, ESS3.D: Global Climate Change

K-2

3-5

6-8

9-12

ESS2.D: Weather and
Climate in K-2 builds
on prior experiences
and progresses fo ...

Weather is the
combination of
sunlight, wind, snow or
rain, and temperature
in a particular region
and time. People
record weather
patterns over time.

ESS3.D: Global Climate

ESS2.D: Weather and
Climate in 3-5 builds on
K-2 experiences and
progresses to ...

Climate describes
patterns of typical
weather conditions over
different scales and
variations. Historical
weather patterns can
be analyzed.

ESS2.D: Weather and Climate in
6- 8 builds on K-5 experiences
and knowledge and progresses
fo...

Complex interactions determine
local weather patterns and
influence climate, including the
role of the ocean.

ESS3.D: Global Climate Change in
6- 8 builds on K-5 experiences
and knowledge and progresses
fo...

ESS2.D: Weather and Climate in 9-12 builds
on K-8 experiences and knowledge and
progresses to...

The role of radiation from the sun and its
interactions with the atmosphere, ocean,
and land are the foundation for the global
climate system. Global climate models are
used to predict future changes, including
changes influenced by human behavior and
natural factors.

ESS3.D: Global Climate Change in 9-12
builds on K-8 experiences and knowledge
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K-2

3-5

6-8

9-12

Change in K-2 builds
on prior experiences
and progresses fo ...

ESS3.D: Global Climate
Change in 3-5 builds on
K-2 experiences and

Human activities affect global
warming. Decisions to reduce the
impact of global warming

and progresses to...

Global climate models used to predict

changes continue to be improved, although
discoveries about the global climate system
are ongoing and continually needed.

depend on understanding
climate science, engineering
capabilities, and social dynamics.

) progresses to ...
[Intentionally left blank]

[Intentionally left blank]

Related Cross-Curricular Standards: Current Grade Level

ELA Connections:

e LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the
task, purpose, and audience.

e LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the
research question(s).

e LA.12.RI.6 Compare and contrast the development of multiple arguments in texts of related topics, evaluating the effectiveness
and validity of the claims.

e LA.12.RI.7 Analyze and evaluate multiple perspectives within and across a wide range of informational texts.

e LA.12.SL.T Communicate effectively and appropriately in collaborative activities for a variety of tasks, purposes, and audiences
to express ideas, share knowledge, and generate new understandings.

e LA.12.SL.2 Present information, findings, and supporting evidence effectively and in which the organization, development, and
style are appropriate to a variety of tasks, purposes, and audiences.

Mathematics Connections:

e HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and
interpret results in context.

e HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving
linear and quadratic equations, and inequalities.

e HS.A.3 Applications: Students will solve authentic problems using nonlinear functions.

e AT.N.1 Estimation and Technology: Students will use estimation strategies and technology to reason, to solve problems, and to
make connections within mathematics and across disciplines.
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¢ AT.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and
interpret results in context.

e AT.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and
organize data.
e AT.D.3 Probability: Students will interpret and apply concepts of probability.

Connection To Other Grade Level Indicators

Authentic Connections to Other Content Standards:

e Nebraska Standards: SC.HS.12.2.a, SC.HS.12.2.b, SC.HS.12.2.d, SC.HS.7.2.a, SC.HS.7.2.b, SC.HS.7.2.c, SC.HS.4.4.d
e OpenSciEd C1:SC.HS.4.4.0, SC.HS.4.4.e, SC.HS.13.3.0, SC.HS.14.4.d, SC.HS.15.5.0, SC.HS.12.2.c, SC.HS.15.5.f

Academic Language Development

Words to support student discourse related to the Disciplinary Core Ideas (DCls):
e Earth systems, climate change, global vs. regional climate change, feedback, trend, rate, scale, average sea surface
temperature, average air temperature, and any academic vocabulary related to a specific phenomena

Assessment Considerations

Formative Assessment:
e NDE Formative Assessment Task Repository

Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:
e hitps://sipsassessments.org/

Knowledge, Skills, and Abilities:
e Analyze geoscience data to determine relationships between Earth’s systems.
e Use geoscience data to describe relationships between energy moving in Earth’s systems and climate change.
e Analyze geoscience data to find trends between different timescales.
¢ Analyze geoscience data to find tfrends in quantities.
e Use data to describe a selected system, variable, or fimescale of climate.
e Use geoscience data to make a prediction based on evidence on an aspect of climate change.
e Use data to describe the relationship between multiple causal and correlational relationships.
e Use multiple causal and correlational relationships to describe the impact on climate.
e Identify relationships in human behavior and geoscience data.
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Explain the relationships in future climate possibilities and human behavior.
ldentify various forms of bias in collecting and interpreting geoscience data.
Explain how bias might impact future predictions of climate change.
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Standard Code: SC.HS.12.2 Gather, analyze, and communicate evidence to support that Earth's climate and

weather are influenced b oy flow through Earth systems.

Students understand the system interactions that control weather and climate, with a major emphasis on the mechanisms and
implications of climate change and how energy flows through Earth’s systems. Students can understand the analysis and interpretation
of different kinds of geoscience data allow students to construct explanations for the many factors that drive climate change over a
wide range of fime scales.

» Indicator Code: SC.HS.12.2.d

Evaluate the validity and reliability of past and present models of Earth conditions to make projections of future climate frends and
their impacts. Examples of evidence, for both data and climate model outputs, are for climate changes (such as precipitation and
temperature) and their associated impacts (such as on sea level, glacial ice volumes, or atmosphere and ocean compaosition).

NGSS Comparison: None

Other Indicators in this Standard

SC.HS.12.2.0, SC.HS.12.2.b, SC.HS.12.2.c

Concepts and Skills to Master

Foundation Boxes:

Science and Engineering Practice (SEP) Crosscutting Concept (CCC)
Developing and Using Models: Patterns:

e Different patterns may be observed at each of the scales
Modeling in 9-12 builds on K-8 experiences and progresses to at which a system is studied and can provide evidence for
using, synthesizing, and developing models to predict and show causality in explanations of phenomena.
relationships among variables between systems and their
components in the natural and designed world(s).
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC)

» Evaluate merits and limitations of two different models of the
same proposed tool, process, mechanism or system in order to
select or revise a model that best fits the evidence or design
criteria.

Disciplinary Core Idea (DCI)

ESS2.D: Weather and Climate:

Changes in the atmosphere due to human activity have increased carbon dioxide concentrations and thus affect climate.

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.

Possible Science and/or Engineering Phenomena to Support 3D Instruction

An ice core from the West Anfarctic ice sheet contains a dark band.

[a)

AN e
Mammoth fossils have been found throughout North America, including Nebraska. “ﬁ?““
The natural fluctuations of current CO2 percentages, air temperature, and sea surface temperature are occurring more
rapidly than before.
Keeling Curve
Dinosaurs disappeared from the fossil record 65 million years ago.
The patterns of tree rings reflect environmental conditions.
Representative Concentration Pathways (RCPs) are computational models used to predict future climate frends based on
current data.
Global Climate Models
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Evidence Statements

What does it look like to demonstrate proficiency on this indicator?

SC.HS.12.2.d Evaluate the validity and reliability of past and present models of Earth conditions to make projections of future climate

trends and their impacts.

1. Components of the models:
A. From the given models, students identify and describe* the components of the models relevant for their mechanistic
descriptions.
B. From the given models, students identify the relevant different scales on which the factors operate.
2. Relationships
A. Students identify and describe* the relationships between components of the given models.
B. Students describe* the relationships between components of the models as either causal or correlational.
3. Connections
A. Students use the given models to provide a mechanistic account of the relationship between factors represented in the
model.

Critical Background Knowledge

Grade Band Progressions:

Science and Engineering Practices (SEPs): Developing and Using Models

K-2

3-5

6-8

9-12

Developing and Using Models in
K-2 builds on prior experiences
and progresses to ...

Distinguish between a model
and the actual object, process,
and/or events the model
represents.

Developing and Using Models in
3-5 builds on K-2 experiences
and progresses to ...

Identify limitations of models.

Developing and Using
Models in 6- 8 builds on K-5
experiences and progresses
fo...

Evaluate limitations of a
model for a proposed
object or tool.

Developing and Using Models in
9-12 builds on K-8 experiences
and progresses to college or
career experiences.

Evaluate merits and limitations
of two different models of the
same proposed tool, process,
mechanism or system in order to
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K-2

9-12

Compare models to identify
common features and

select or revise a model that
best fits the evidence or design

differences. criteria.
Crosscutting Concepts (CCCs): Patterns
K-2 3-5 6-8 9-12

Patterns in K-2
builds on prior
experiences and
progresses to ...

Patterns in the
natural and human
designed world
can be observed,
used to describe
phenomena, and
used as evidence.

Patterns in 3-5 builds on K-2

experiences and progresses to ...

Similarities and differences in
patterns can be used to sort,
classify, communicate and
analyze simple rates of change
for natural phenomena and
designed products.

Patterns of change can be used
to make predictions.

Patterns can be used as
evidence to support an
explanation.

Patterns in é- 8 builds on K-5 experiences
and progresses fo...

Macroscopic patterns are related to the
nature of microscopic and atomic-level
structure.

Patterns in rates of change and other
numerical relationships can provide
information about natural and human
designed systems.

Patterns can be used to identify cause and
effect relationships.

Graphs, charts, and images can be used to
identify patterns in data.

Patterns in 9-12 builds on K-8
experiences and progresses
to college or career
experiences.

Different patterns may be
observed at each of the
scales at which a system is
studied and can provide
evidence for causality in
explanations of phenomena.
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Disciplinary Core Ideas (DCls): ESS2.D: Weather and Climate, ESS3.D: Global Climate Change

K-2

3-5

6-8

9-12

ESS2.D: Weather and
Climate in K-2 builds on
prior experiences and
progresses to ...

Weather is the
combination of sunlight,
wind, snow or rain, and
temperature in a
particular region and
time. People record
weather patterns over
time.

ESS3.D: Global Climate
Change in K-2 builds on
prior experiences and
progresses to ...

[Intentionally left blank]

ESS2.D: Weather and
Climate in 3-5 builds
on K-2 experiences
and progresses fo ...

Climate describes
patterns of typical
weather conditions
over different scales
and variations.
Historical weather
patterns can be
analyzed.

ESS3.D: Global Climate
Change in 3-5 builds
on K-2 experiences
and progresses to ...

[Intentionally left blank]

ESS2.D: Weather and Climate in 6-8
builds on K-5 experiences and
knowledge and progresses to...

Complex interactions determine
local weather patterns and influence
climate, including the role of the
ocean.

ESS3.D: Global Climate Change in 6-
8 builds on K-5 experiences and
knowledge and progresses to...

Human activities affect global
warming. Decisions to reduce the
impact of global warming depend
on understanding climate science,
engineering capabilities, and social
dynamics.

ESS2.D: Weather and Climate in 9-12
builds on K-8 experiences and
knowledge and progresses to...

The role of radiation from the sun and its
interactions with the atmosphere,
ocean, and land are the foundation for
the global climate system. Global
climate models are used to predict
future changes, including changes
influenced by human behavior and
natural factors.

ESS3.D: Global Climate Change in 9-12
builds on K-8 experiences and
knowledge and progresses to...

Global climate models used to predict
changes continue to be improved,
although discoveries about the global
climate system are ongoing and
continually needed.

Related Cross-Curricular Standards: Current Grade Level

ELA Connections:

o LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the
task, purpose, and audience.
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e LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the
research question(s).

e LA.12.RI.6 Compare and contrast the development of multiple arguments in texts of related topics, evaluating the effectiveness
and validity of the claim:s.

e LA.12.RI.7 Analyze and evaluate multiple perspectives within and across a wide range of informational texts.

¢ LA.12.SL.1 Communicate effectively and appropriately in collaborative activities for a variety of tasks, purposes, and audiences
to express ideas, share knowledge, and generate new understandings.

e LA.12.SL.2 Present information, findings, and supporting evidence effectively and in which the organization, development, and
style are appropriate to a variety of tasks, purposes, and audiences.

Mathematics Connections:

¢ HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and
interpret results in context.

e HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving
linear and quadratic equations, and inequalities.

e HS.A.3 Applications: Students will solve authentic problems using nonlinear functions.

e AT.N.1 Estimation and Technology: Students will use estimation strategies and technology to reason, to solve problems, and to
make connections within mathematics and across disciplines.

¢ AT.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and
interpret results in context.

e AT.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and
organize data.

e AT.D.3 Probability: Students will interpret and apply concepts of probability.

Connection To Other Grade Level Indicators

Authentic Connections to Other Content Standards:
e Nebraska Standards: SC.HS.12.2.a, SC.HS.12.2.b, SC.HS.12.2.c, SC.HS. HS.7.2.0, SC.HS. HS.7.2.b, SC.HS. HS.7.2.c, SC.HS. HS.4.4.d
e OpenSciEdC1:SC.HS.4.4.0,SC.HS.4.4.e, SC.HS.13.3.0, SC.HS.12.2.b, SC.HS.14.4.d, SC.HS.15.5.0, SC.HS.12.2.c, SC.HS.15.5.f

Academic Language Development

Words to support student discourse related to the Disciplinary Core Ideas (DCls):
e Global climate records, trends, average sea surface temperature, average air temperature, extinction, atmospheric
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composition, hydrosphere, atmosphere, geosphere, biosphere, greenhouse gas, global warming, climate change, carbon
cycle, ice cores, tree rings, Milankovitch cycles, and any academic vocabulary related to a specific phenomena

Assessment Considerations

Formative Assessment:
e NDE Formative Assessment Task Repository

Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:
e hitps://sipsassessments.org/

Knowledge, Skills, and Abilities:
¢ Use a model to describe relationships between energy moving in Earth’s systems and climate change.
e Students describe components of a model in terms of their relevant timescales (geologic or human timescale).
e Use a model to identify and describe relationships between the components.
¢ Use a model to describe causal and correlational relationships.
e Use a model to describe relationships between energy moving in Earth’s systems and climate change.
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Topic Code: SC.HS. 13 Earth's Systems
Standard Code: SC.HS.13.3 Gather, analyze, and communicate evidence to defend the position that
Earth's systems are interconnected and impact one another.

Students develop models and explanations for the ways that feedbacks between different Earth systems control the appearance of
Earth’s surface. Cenftral to this is the tension between internal systems, which are largely responsible for creating land at Earth’s surface
(e.g.. volcanism and mountain building), and the sun-driven surface systems that tear down the land through weathering and erosion.
Students understand the role that water plays in affecting weather. Students understand chemical cycles such as the carbon cycle.

>Indicator Code: SC.HS.13.3.a

Analyze geoscience data fo make the claim that one change to Earth's surface can create feedbacks that cause changes to other
Earth systems. Examples should include climate feedbacks, such as how an increase in greenhouse gases causes a rise in global
temperatures that melts glacial ice, which reduces the amount of sunlight reflected from Earth’s surface, increasing surface
temperatures and further reducing the amount of ice. Examples could also be taken from other system interactions, such as how the
loss of ground vegetation causes an increase in water runoff and soil erosion; how dammed rivers increase groundwater recharge,
decrease sediment fransport, and increase coastal erosion; or how the loss of wetlands causes a decrease in local humidity that further
reduces the wetland extent.

NGSS Comparison: HS-ESS2-2

Other Indicators in this Standard

SC.HS.13.3.b, SC.HS.13.3.c, SC.HS.13.3.d, SC.HS.13.3.e

Concepts and Skills to Master

Foundation Boxes:

Science and Engineering Practice (SEP) Crosscutting Concept (CCC)

Analyzing and Interpreting Data: Stability and Change:
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Science and Engineering Practice (SEP)

Crosscutting Concept (CCC)

Analyzing data in 9-12 builds on K-8 experiences and progresses
to infroducing more detailed statistical analysis, the comparison
of data sets for consistency, and the use of models to generate

and analyze data.

e Analyze data using tools, technologies, and/or models
(e.g., computational, mathematical) in order to make
valid and reliable scientific claims or determine an optimal
design solution.

e Feedback (negative or positive) can stabilize or destabilize
a system.

Connections to Engineering, Technology, and Applications of
Science

Influence of Engineering, Technology, and Science on Society
and the Natural World:

e New technologies can have deep impacts on society and
the environment, including some that were not
anticipated. Analysis of costs and benefits is a critical
aspect of decisions about technology.

Disciplinary Core Idea (DCI)

ESS2.A: Earth Materials and Systems:

e Earth’s systems, being dynamic and interacting, cause feedback effects that can increase or decrease the original changes

ESS2.D: Weather and Climate:

e The foundation for Earth’s global climate systems is the electromagnetic radiation from the sun, as well as its reflection,
absorption, storage, and redistribution among the atmosphere, ocean, and land systems, and this energy’s re-radiation into

space.

Possible Science and/or Engineering Phenomena to Support 3D Instruction

¢ Significant changes in the shape/extent of the Greenland Ice Sheet over the past 20 years
e Coastal flooding events have been increasing in frequency along 27 US coastal communities in the past 20 years.
e Clobal precipitation increases at an average rate of 0.08 inches per decade, while precipitation in the United States is

increasing at an average rate of 0.17 inches per decade.

e The temperature of the sea surface has increased by approximately 0.13°C per decade over the past 100 years.
¢ Changes in climate have changed human migration patterns and strains demand for local resources.
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e Pictures of the Pedersen Glacier in Alaska from 1917 and 2005 show significant changes, even though both are taken during
summer months.

Evidence Statements

What does it look like to demonstrate proficiency on this indicator?

HS.13.3.a Analyze geoscience data to make the claim that one change to Earth's surface can create feedbacks that cause changes
to other Earth systems.
1. Organizing data

A. Students organize data that represent measurements of changes in hydrosphere, cryosphere, atmosphere, biosphere, or
geosphere in response to a change in Earth’s surface.
B. Students describe* what each data set represents.
2. Identifying relationships
A. Students use tools, technologies, and/or models to analyze the data and identify and describe* relationships in the

datasets, including:
¢ The relationships between the changes in one system and changes in another (or within the same) Earth system; and
e Possible feedbacks, including one example of feedback to the climate.

B. Students analyze data to identify effects of human activity and specific tfechnologies on Earth’s systems if present.
3. Interpreting data
A. Students use the analyzed data to describe* a mechanism for the feedbacks between two of Earth’s systems and
whether the feedback is positive or negative, increasing (destabilizing) or decreasing (stabilizing) the original changes.
B. Students use the analyzed data to describe* a particular unanticipated or unintended effect of a selected technology
on Earth’s systems if present.
C. Students include a statement regarding how variation or uncertainty in the data (e.g., limitations, accuracy, any bias in

the data resulting from choice of sample, scale, instrumentation, etc.) may affect the interpretation of the data.

Critical Background Knowledge

Grade Band Progressions:

Science and Engineering Practices (SEPs): Analyzing and Interpreting Data
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K-2

3-5

6-8

9-12

Analyzing and Interpreting
Data in K-2 builds on prior
experiences and
progresses to ...

Use observations (firsthand
or from media) to
describe patterns and/or
relationships in the natural
and designed world(s) in
order to answer scientific
questions and solve
problems.

Compare predictions
(based on prior
experiences) to what
occurred (observable
events).

Analyzing and
Interpreting Data in 3-5
builds on K-2
experiences and
progresses to ...

Represent data in
tables and/or various
graphical displays (bar
graphs, pictographs,
and/or pie charts) to
reveal patterns that
indicate relationships.

Analyzing and Interpreting Data in é-8
builds on K-5 experiences and
progresses to...

Construct, analyze, and/or interpret
graphical displays of data and/or large
data sefts to identify linear and
nonlinear relationships.

Use graphical displays (e.g., maps,
charts, graphs, and/or tables) of large
data sets to identify temporal and
spatial relationships.

Distinguish between causal and
correlational relationships in data.

Analyze and interpret data to provide
evidence for a phenomena.

Analyzing and Interpreting Data in
9-12 builds on K-8 experiences and
progresses to college or career
experiences.

Analyze data using tools,
technologies, and/or models (e.g.,
computational, mathematical) in
order to make valid and reliable
scientific claims or determine an
optimal design solution.

Crosscutting Concepts (CCCs): Stability and Change

K-2

3-5

6-8

9-12

Stability and Change in K-2
builds on prior experiences

5 builds on K-2
experiences and

Stability and Change in 3-

Stability and Change in 6- 8
builds on K-5 experiences and

Stability and Change in 9-12 builds
on K-8 experiences and progresses
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K-2

3-5

6-8

9-12

and progresses to ...

Some things stay the same
while other things change.

rapidly.

Things may change slowly or

progresses to ...

Some systems appear
stable, but over long
periods of time will
eventually change.

progresses to...

Stability might be disturbed either
by sudden events or gradual
changes that accumulate over
time.

to college or career experiences.

Feedback (negative or positive)
can stabilize or destabilize a
system.

Disciplinary Core Ideas (DCls):_ESS2.A: Earth Materials and Systems, ESS2.D: Weather and Climate

K-2

3-5

6-8

9-12

ESS2.A: Earth Materials
and Systems in K-2 builds
on prior experiences and
progresses to ...

Wind and water can
change the shape of the
land.

ESS2.D: Weather and
Climate in K-2 builds on
prior experiences and
progresses to ...

Weather is the
combination of sunlight,
wind, snow or rain, and
temperature in a

ESS2.A: Earth Materials and
Systems in 3-5 builds on K-2

experiences and progresses to ...

Four major Earth systems

interact. Rainfall helps to shape
the land and affects the types of
living things found in a region.
Water, ice, wind, organisms, and
gravity break rocks, soils, and
sediments intfo smaller pieces

and move them around.

ESS2.D: Weather and Climate in
3-5 builds on K-2 experiences

and progresses to ...

Climate describes patterns of

ESS2.A: Earth Materials and
Systems in é- 8 builds on K-5
experiences and knowledge
and progresses tfo...

Energy flows and matter cycles
within and among Earth’s
systems, including the sun and
Earth’s interior as primary
energy sources. Plate tectonics
is one result of these processes.

ESS2.D: Weather and Climate in
6- 8 builds on K-5 experiences
and knowledge and progresses
fo...

Complex interactions

ESS2.A: Earth Materials and Systems
in 9-12 builds on K-8 experiences
and knowledge and progresses to...

Feedback effects exist within and
among Earth’s systems.

ESS2.D: Weather and Climate in 9-
12 builds on K-8 experiences and
knowledge and progresses to...

The role of radiation from the sun
and its inferactions with the
atmosphere, ocean, and land are
the foundation for the global
climate system. Global climate
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K-2 3-5 6-8 9-12

particular region and typical weather conditions over | determine local weather models are used to predict future
time. People record different scales and variations. patterns and influence climate, | changes, including changes
weather patterns over Historical weather patterns can including the role of the ocean. | influenced by human behavior and
time. be analyzed. natural factors.

Related Cross-Curricular Standards: Current Grade Level

ELA Connections:

¢ LA.10.RI.5 Analyze informational texts of historical and/or cultural significance, including their treatment of related topics and
concepts.

¢ LA.10.RI.6 Compare and contrast the development of different arguments on the same topic, evaluating the effectiveness and
validity of the claims.

e LA.T10.RI.7 Analyze how an author or speaker unfolds a series of events, ideas, or perspectives within and across a wide range of
informational texts. Page 101 Range of Reading and Level of Text Complexity | Read and comprehend complex, grade-level
informational text independently and proficiently.

¢ LA.10.RI.8 Read and comprehend a wide range of informational texts of appropriate complexity at the high end of the 9- 10
grade band proficiently, with scaffolding as needed at the high end of the range.

e LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the
research question(s). a. Integrate information and evidence into writing selectively, accurately quoting or paraphrasing data
and conclusions to maintain the flow of ideas while avoiding plagiarism.

Mathematics Connections:

e 8.A.2.0 Write multi-step single variable equations from words, tables, and authentic situations.

¢ 8.A.2.b Determine and describe the rate of change for given situations through the use of tables and graphs.

e 8.A.2.c Graph proportional relationships and interpret the rate of change.

e HS.A.1.b Analyze a relation to determine if it is a function given mapping diagrams, function notation (e.g., f(x)=x2 ), a table, or a
graph.

e HS.A.1.c Classify a function given its mapping diagram, function notation, table, or graph as a linear, quadratic, absolute value,
exponential, or other function.

e HS.D.2.f Represent data on two quantitative variables on a scafter plot and describe how the variables are related.
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Connection To Other Grade Level Indicators

Authentic Connections to Other Content Standards:
e Nebraska Standards: SC.HS.13.3.b, SC.HS.13.3.c, SC.HS.13.3.d, SC.HS.13.3.e, SC.HS.4.4.0, SC.HS.4.4.d, SC.HS.7.2.0, SC.HS.7.2.b,
SC.HS.7.2.c,SC.HS.7.2.e, SC.HS.8.3.f
e OpenSciEdCl: SC.HS.4.4.0,SC.HS.4.4.e, SC.HS.13.3.0, SC.HS.12.2.b, SC.HS.14.4.d, SC.HS.15.5.0, SC.HS.12.2.c, SC.HS.15.5.f

Academic Language Development

Words to support student discourse related to the Disciplinary Core Ideas (DCls):
e Greenhouse gas, human impact, global warming, carbon dioxide, carbon cycle, climate change, acidification, positive
feedback loop, negative feedback loop, albedo, sea level, glacier, atmospheric composition, biosphere, hydrosphere,
atmosphere, geosphere, and any academic vocabulary related to a specific phenomena

Assessment Considerations

Formative Assessment:
¢ NDE Formative Assessment Task Repository

Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:
e https://sipsassessments.org/

Knowledge, Skills, and Abilities:
e Organize data from Earth’s systems to show the relationship between that system and Earth'’s surface.
¢ Use data to show how one change can cause changes in another system.
¢ Use data to show how one change can cause changes in multiple other systems.
¢ Use a model to identify the effects of human activity and technology on Earth’s systems.
e Use a model to identify the relationships between the components as a positive or negative feedback.
e Use data to describe an unanticipated or unintended effect of a selected technology on Earth’s systems.
e Explain how bias might impact future predictions.
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Standard Code: SC.HS.13.3 Gather, analyze, and communicate evidence to defend the position that Earth's
systems are interconnected and impact one another.

Students develop models and explanations for the ways that feedbacks between different Earth systems control the appearance of
Earth’s surface. Cenftral to this is the tension between internal systems, which are largely responsible for creating land at Earth’s surface
(e.g.. volcanism and mountain building), and the sun-driven surface systems that tear down the land through weathering and erosion.
Students understand the role that water plays in affecting weather. Students understand chemical cycles such as the carbon cycle.

>Indicator Code: SC.HS.13.3.b

Develop a model based on evidence of Earth's interior to describe the cycling of matter. Emphasis is on both a one-dimensional model
of Earth, with radial layers determined by density, and a three-dimensional model, which is controlled by mantle convection and the
resulting plate tectonics. Examples of evidence include maps of Earth’s three-dimensional structure obtained from seismic waves,
records of the rate of change of Earth’s magnetic field (as constraints on convection in the outer core), and identification of the
composition of Earth’s layers from high-pressure laboratory experiments.

NGSS Comparison: HS-ESS2-3 (modified)

Other Indicators in this Standard

SC.HS.13.3.a0, SC.HS.13.3.¢c, SC.HS.13.3.d, SC.HS.13.3.e

Concepts and Skills to Master

Foundation Boxes:

Science and Engineering Practice (SEP) Crosscutting Concept (CCC)

Energy and Matter:
e Energy drives the cycling of matter within and between
systems.

Developing and Using Models:

Modeling in 9-12 builds on K-8 experiences and progresses to
using, synthesizing, and developing models to predict and show
relationships among variables between systems and their

components in the natural and designed world(s).
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC)

e Develop a model based on evidence to illustrate the
relationships between systems or between components of

a system. . . . et T
Connections to Engineering, Technology, and Applications of
Connections to the nature of science Science
Scientific Knowledge is Based on Empirical Evidence: Interdependence of Science, Engineering, and Technology:
e Science and engineering complement each other in the
e Science knowledge is based on empirical evidence. cycle known as research and development (R&D). Many
R&D projects may involve scientists, engineers, and others
e Science disciplines share common rules of evidence used with wide ranges of expertise.

to evaluate explanations about natural systems.
e Science includes the process of coordinating patterns of
evidence with current theory.

Disciplinary Core Idea (DCI)

ESS2.A: Earth Materials and Systems:

e Evidence from deep probes and seismic waves, reconstructions of historical changes in Earth’s surface and its magnetic field,
and an understanding of physical and chemical processes lead to a model of Earth with a hot but solid inner core, a liquid
outer core, a solid mantle and crust. Motions of the mantle and its plates occur primarily through thermal convection, which
involves the cycling of matter due to the outward flow of energy from Earth’s interior and gravitational movement of denser
materials toward the interior.

ESS2.B: Plate Tectonics and Large-Scale System Interactions:
e The radioactive decay of unstable isotopes continually generates new energy within Earth’s crust and mantle, providing the
primary source of the heat that drives mantle convection. Plate tectonics can be viewed as the surface expression of mantle
convection.

PS4.A: Wave Properties:
e Geologists use seismic waves and their reflection at interfaces between layers to probe structures deep in the planet.
(secondary to HS.13.3.B)
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Possible Science and/or Engineering Phenomena to Support 3D Instruction

e S and P waves vary in speed and direction as they travel through the Earth.
e Lavalamp flows

e The density of matter changes when its temperature changes.

e Matter cycles and energy flows in a convection current.

e Seadfloor crust is magnetized in distinct “stripe” patterns.

e The oldest rocks found on the sea floor are closer to the continents

e Each layer of the Earth has a different density and temperature.

e FElements had a specific rate of radioactive decay.

e Earth’s interior is much hotter than the surface.

e The heat of Earth’s interior increases with depth.

Evidence Statements

What does it look like to demonstrate proficiency on this indicator?

HS.13.3.b Develop a model based on evidence of Earth's interior to describe the cycling of matter.
1. Components of the model
A. Students develop a model (i.e., graphical, verbal, or mathematical) in which they identify and describe* the components
based on both seismic and magnetic evidence (e.g., the pattern of the geothermal gradient or heat flow
measurements) from Earth’s interior, including:

Earth’s interior in cross-section and radial layers (crust, mantle, liquid outer core, solid inner core) determined by
density;

The plate activity in the outer part of the geosphere;

Radioactive decay and residual thermal energy from the formation of the Earth as a source of energy;

The loss of heat at the surface of the earth as an output of energy; and

The process of convection that causes hot matter to rise (move away from the center) and cool matter to fall (move
toward the center).

2. Relationships
A. Students describe* the relationships between components in the model, including:

Energy released by radioactive decay in the Earth’s crust and mantle and residual thermal energy from the formation
of the Earth provide energy that drives the flow of matter in the mantle.
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Thermal energy is released at the surface of the Earth as new crust is formed and cooled.

The flow of matter by convection in the solid mantle and the sinking of cold, dense crust back intfo the mantle exert
forces on crustal plates that then move, producing tectonic activity.

The flow of matter by convection in the liquid outer core generates the Earth’s magnetic field.

Matter is cycled between the crust and the mantle at plate boundaries. Where plates are pushed together, cold
crustal material sinks back into the mantle, and where plates are pulled apart, mantle material can be integrated into
the crust, forming new rock.

3. Connections
A. Students use the model to describe* the cycling of matter by thermal convection in Earth’s interior, including:

The flow of matter in the mantle that causes crustal plates to move;

The flow of matter in the liquid outer core that generates the Earth’s magnetic field, including evidence of polar
reversals (e.g., seafloor exploration of changes in the direction of Earth’'s magnetic field);

The radial layers determined by density in the interior of Earth; and

The addition of a significant amount of thermal energy released by radioactive decay in Earth’s crust and mantle.

Critical Background Knowledge

Grade Band Progressions:

Science and Engineering Practices (SEPs): Developing and Using Models

K-2

3-5 6-8 9-12

Developing and Using | Developing and Using Models in 3-5 | Developing and Using Models in 6- 8 builds on | Developing and

Models in K-2 builds builds on K-2 experiences and K-5 experiences and progresses to... Using Models in 9-12

on prior experiences progresses to ... builds on K-8

and progresses to ... Develop or modify a model—based on experiences and
Collaboratively develop and/or evidence - to match what happens if a progresses to college

Develop and/or use a | revise a model based on evidence | variable or component of a system is or career

model to represent that shows the relationships among | changed. experiences.

amounts, variables for frequent and regular

relationships, relative | occurring events. Use and/or develop a model of simple systems | pevelop a model

scales (bigger, with uncertain and less predictable factors. based on evidence
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K-2

3-5

6-8

9-12

smaller), and/or
patterns in the natural
and designed
world(s).

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

Develop and/or revise a model to show the
relationships among variables, including those

that are not observable but predict
observable phenomena.

to illustrate the
relationships
between systems or
between
components of a
system.

Crosscutting Concepts (CCCs): Energy and Matter

K-2

3-5

6-8

9-12

and progresses fo ...

or change shapes.

Energy and Matter in K-2
builds on prior experiences

Objects may break into
smaller pieces, be put
together into larger pieces,

to...

of the substances does not

systems.

Energy and Matter in 3-5 builds on
K-2 experiences and progresses

Matter flows and cycles can be
tracked in terms of the weight of
the substances before and after a
process occurs. The total weight

change. This is what is meant by
conservation of matter. Matter is
transported into, out of, and within

Energy and Matter in é- 8
builds on K-5 experiences and
progresses to...

Within a natural or designed
system, the transfer of energy
drives the motion and/or
cycling of matter.

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

Energy and Matter in 9-12 builds
on K-8 experiences and
progresses to college or career
experiences.

Energy drives the cycling of
matter within and between
systems.

SC.HS.13.3.b

89




Disciplinary Core Ideas (DCls): ESS2.A: Earth Materials and Systems, ESS2.B: Plate Tectonics and Large-Scale System
Interactions, PS4.A: Wave Properties

K-2

3-5

6-8

9-12

ESS2.A: Earth Materials
and Systems in K-2
builds on prior
experiences and
progresses to ...

Wind and water can
change the shape of
the land.

ESS2.B: Plate Tectonics
and Large-Scale
System Interactions in
K-2 builds on prior
experiences and
progresses to ...

Maps show where
things are located.
One can map the
shapes and kinds of
land and water in any
areaq.

PS4.A: Wave Properties
in K-2 builds on prior

ESS2.A: Earth Materials and
Systems in 3-5 builds on K-2
experiences and progresses to ...

Four major Earth systems interact.
Rainfall helps to shape the land
and affects the types of living
things found in a region. Water,
ice, wind, organisms, and gravity
break rocks, soils, and sediments
into smaller pieces and move
them around.

ESS2.B: Plate Tectonics and Large-
Scale System Interactions in 3-5
builds on K-2 experiences and
progresses to ...

Earth’s physical features occurin
patterns, as do earthquakes and
volcanoes. Maps can be used to
locate features and determine
patterns in those events.

PS4.A: Wave Properties in 3-5
builds on K-2 experiences and

ESS2.A: Earth Materials and
Systems in é- 8 builds on K-5
experiences and knowledge and
progresses to...

Energy flows and matter cycles
within and among Earth’s systems,
including the sun and Earth’s
inferior as primary energy sources.
Plate tectonics is one result of these
processes.

ESS2.B: Plate Tectonics and Large-
Scale System Interactions in 6- 8
builds on K-5 experiences and
knowledge and progresses to...

Plate tectonics is the unifying
theory that explains movements of
rocks at Earth's surface and
geological history. Maps are used
to display evidence of plate
movement.

PS4.A: Wave Properties in 6- 8
builds on K-5 experiences and

ESS2.A: Earth Materials and
Systems in 9-12 builds on K-8
experiences and knowledge and
progresses to...

Feedback effects exist within and
among Earth’s system:s.

ESS2.B: Plate Tectonics and
Large-Scale System Interactions
in 9-12 builds on K-8 experiences
and knowledge and progresses
fo...

Radioactive decay within Earth’s
interior conftributes to thermal
convection in the mantle.

PS4.A: Wave Properties in 9-12
builds on K-8 experiences and
knowledge and progresses to...

The wavelength and frequency
of a wave are related to one
another by the speed of the
wave, which depends on the
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K-2 3-5 6-8 9-12
experiences and progresses to ... knowledge and progresses to... type of wave and the medium
progresses to ... through which it is passing.
Waves are regular patterns of A simple wave model has a Waves can be used to transmit
Sound can make motion, which can be made in repeating pattern with a specific information and energy.
matter vibrate, and water by disturbing the surface. wavelength, frequency, and
vibrating matter can Waves of the same type can differ | amplitude, and mechanical waves
make sound. in amplitude and wavelength. need a medium through which
Waves can make objects move. they are transmitted. This model
can explain many phenomena
including sound and light. Waves
can fransmit energy.

Related Cross-Curricular Standards: Current Grade Level

ELA Connections:

LA.10.SL.2 Present information, findings, and supporting evidence clearly and concisely and in which the organization,
development, and style are appropriate to a variety of tasks, purposes, and audiences.

LA.12.SL.2 Present information, findings, and supporting evidence effectively and in which the organization, development, and
style are appropriate to a variety of tasks, purposes, and audiences. e. Make strategic use of appropriate visual and/or digital
tools to enhance understanding of findings, reasoning, and evidence for specific audiences.

LA.10.RL.5 Analyze informational texts of historical and/or cultural significance, including their freatment of related topics and
concepfts. LA.10.Rl.6 Compare and contrast the development of different arguments on the same topic, evaluating the
effectiveness and validity of the claims.

LA.10.RI.7 Analyze how an author or speaker unfolds a series of events, ideas, or perspectives within and across a wide range of
informational texts.

LA.10.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the
task, purpose, and audience. a. Develop a structure to sequence ideas logically; introduce a clear claim where appropriate,
and/or distinguish the claim(s) from alternate or supporting claims. b. Demonstrate understanding and engagement with
multiple viewpoints and sources to create and support nuanced claims as a recursive process of inquiry and exploration. c. Use
words, phrases, key vocabulary, and varied syntax to clarify relationships between claim(s), counterclaim(s), and supporting
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evidence. d. Adapt style and tone appropriate to the norms and conventions of the task and discipline. e. Provide a conclusion
that follows from and supports the argument(s) presented.

Mathematics Connections:

HS.A.1.b Analyze a relation to determine if it is a function given mapping diagrams, function notation (e.g., f(x)=x2 ), a table, or a
graph.

HS.A.1.d Analyze a function’s domain and range to determine if it is one-to-one and has an inverse function both algebraically
and graphically

HS.A.3.a Analyze and model authentic situations using various representations and appropriate technology.

HS.N.2.c Demonstrate, represent, and show relationships among the subsets of real numbers and the complex number system.
HS.D.1.a Formulate multi-variable statistical investigative questions and determine how data can be collected and analyzed to
provide an answer.

HS.D.1.b Apply an appropriate data collection plan when collecting primary data for the statistical investigative question of
interest.

HS.D.1.c Use appropriate technology, including spreadsheet-based logic, to organize data for analysis.

HS.D.2.a Identify appropriate ways to summarize and then represent the distribution of univariate data and bivariate data
through the construction of histograms, dot plofts, stem plots, box plots, cumulative relative frequency graphs, time plots, circle
graphs, stacked bar graphs, and mosaic bar graphs by hand or with technology.

HS.D.2.b Describe the shape, identify any outliers, and determine the spread of a data sef.

HS.D.2.c Select and determine the appropriate measure of center based on the shape of a distribution and/or the presence of
outliers. HS.D.2.d Recognize when a data set can be reasonably said to be normally distributed and draw conclusions about the
data from the associated normal distribution.

Connection To Other Grade Level Indicators

Authentic Connections to Other Content Standards:

Nebraska Standards: SC.HS.13.3.a, SC.HS.13.3.c, SC.HS.13.3.d, SC.HS.13.3.e
Open Sci Ed P2: SC.HS.14.4.a, SC.HS.14.4.c, SC.HS.13.3.b, SC.HS.3.3.c

Academic Language Development

Words to support student discourse related to the Disciplinary Core Ideas (DCls):
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Inner core, outer core, mantle, crust, plate tectonics, thermal convection, slab drag, seismic waves, density, radioactive decay,
time scale, pressure, crustal plate movement, unstable atomic nucleus, density, and any academic vocabulary related to a
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specific phenomena

Assessment Considerations

Formative Assessment:
¢ NDE Formative Assessment Task Repository

Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:
e https://sipsassessments.org/

Knowledge, Skills, and Abilities:
e Develop a model of Earth’s interior based on seismic and magnetic evidence.
e Use a model to describe the relationship between density, convection currents, and plate movement.
e Ask questions to determine the sources of Earth’s internal thermal energy.
e Develop a model to show how matter and energy move in Earth’s interior.
e Construct an explanation for the relationship between the Earth’s magnetic field and convection in the outer core.
¢ Develop a model to explain how material is recycled at plate boundaries.

% SC.HS.13.3.b

93


https://www.education.ne.gov/assessment/nscas-science/
https://sipsassessments.org/

Standard Code: SC.HS.13.3 Gather, analyze, and communicate evidence to defend the position that Earth's

systems are interconnected and impact one another.

Students develop models and explanations for the ways that feedbacks between different Earth systems control the appearance of
Earth’s surface. Cenftral to this is the tension between internal systems, which are largely responsible for creating land at Earth’s surface
(e.g.. volcanism and mountain building), and the sun-driven surface systems that tear down the land through weathering and erosion.
Students understand the role that water plays in affecting weather. Students understand chemical cycles such as the carbon cycle.

>Indicator Code: SC.HS.13.3.c

Construct an argument based on evidence o explain the multiple processes that cause Earth’s plates to move.

NGSS Comparison: None

Other Indicators in this Standard

SC.HS.13.3.a0, SC.HS.13.3.b, SC.HS.13.3.d, SC.HS.13.3.e

Concepts and Skills to Master

Foundation Boxes:

Science and Engineering Practice (SEP)

Crosscutting Concept (CCC)

Engaging in Argument from Evidence:

Engaging in argument from evidence in 9-12 builds on K-8
experiences and progresses to using appropriate and sufficient
evidence and scientific reasoning to defend and critique claims
and explanations about the natural and designed world(s).
Arguments may also come from current scientific or historical
episodes in science.

e Evaluate the claims, evidence, and/or reasoning behind
currently accepted explanations or solutions to determine
the merits of arguments.

Cause and Effect:

e Cause and effect relationships can be suggested and
predicted for complex natural and human designed
systems by examining what is known about smaller scale
mechanisms within the system.
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Disciplinary Core Idea (DCI)

ESS2.B: Plate Tectonics and Large-Scale System Interactions:

e Tectonic plates are the top parts of giant convection cells that bring matter from the hot inner mantle up to the cool surface.
These movements are driven by the release of energy (from radioactive decay of unstable isotopes within Earth’s interior) and
by the cooling and gravitational downward motion of the dense material of the plates after subduction (one plate being
drawn under another).

Possible Science and/or Engineering Phenomena to Support 3D Instruction
e Volcanic mountain arcs occur at the edges of many continents.
e The apparent puzzle-like fit of the continental edges.
e The Hawaiian Islands are a chain of active and extinct volcanoes extending over 1,500 miles.
e The “Ring of Fire” is a series of connected volcanoes that encircles the Pacific Ocean.
e Earthquakes and volcanoes occur along plate boundaries.
e Oceanic tfrenches occur at the edges of many continents.
e The sedfloor is shallower at the center of the ocean than at the edges near the continents.
e Ocean floor has been mapped only since the 1960s due to new technology.

Evidence Statements

What does it look like to demonstrate proficiency on this indicator?

SC.HS.13.3.c Construct an argument based on evidence to explain the multiple processes that cause Earth’s plates to move.

1. Identifying the given explanation and associated claims, evidence, and reasoning
A. Students identify the given explanation that is to be supported by the claims, evidence, and reasoning to be evaluated.
B. Students identify the given claims to be evaluated.
C. Students identify the given evidence to be evaluated.
D. Students identify the given reasoning to be evaluated.
2, Evaluating given evidence and reasoning and identifying potential additional evidence
A. Students evaluate the given evidence to determine how well it supports the argument.
B. Students identify and describe* additional evidence (in the form of data, information, or other appropriate forms) that

was not provided but is relevant to the explanation and to evaluating the given claims, evidence, and reasoning.
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3. Evaluating and critiquing

A. Students describe* the strengths and weaknesses of the given claim in accurately explaining a particular response of
plate tectonics.

B. Students use their additional evidence to assess the validity of the argument.

C. Students assess the logic of the reasoning, including the relationship between convection currents, slab pull, and ridge
push.

Critical Background Knowledge

Grade Band Progressions:

Science and Engineering Practices (SEPs): Engaging in Argument from Evidence

K-2

3-5

6-8

9-12

Engage in Argument from
Evidence in K-2 builds on prior
experiences and progresses to

ldentify arguments that are
supported by evidence.

Distinguish between
explanations that account for alll
gathered evidence and those
that do not.

Analyze why some evidence is
relevant to a scientific question
and some is not.

Engage in Argument from
Evidence in 3-5 builds on K-2
experiences and progresses
fo...

Compare and refine
arguments based on an
evaluation of the evidence
presented.

Distinguish among facts,
reasoned judgment based on
research findings, and

speculation in an explanation.

Engage in Argument from
Evidence in 6- 8 builds on K-5
experiences and progresses
fo...

Compare and critique two
arguments on the same topic
and analyze whether they
emphasize similar or different
evidence and/or
interpretations of facts.

Engage in Argument from
Evidence in 9-12 builds on K-8
experiences and progresses to
college or career experiences.

Evaluate the claims, evidence,
and/or reasoning behind
currently accepted
explanations or solutions to
determine the merits of
arguments.
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Crosscutting Concepts (CCCs): Cause and Effect

K-2

3-5

6-8

9-12

Cause and Effect in
K-2 builds on prior
experiences and
progresses to ...

Events have causes
that generate

Simple tests can be
designed to gather
evidence to support
or refute student
ideas about causes.

observable patterns.

Cause and Effect in 3-5
builds on K-2 experiences
and progresses to ...

Cause and effect
relationships are routinely
identified, tested, and used
to explain change.

Events that occur together
with regularity might or
might not be a cause-and-
effect relationship.

Cause and Effect in 6— 8 builds on K-5
experiences and progresses to...

Relationships can be classified as causal or
correlational, and correlation does not
necessarily imply causation.

Cause and effect relationships may be used to
predict phenomena in natural or designed
systems.

Phenomena may have more than one cause,
and some cause-and-effect relationships in
systems can only be described using probability.

Cause and Effectin 9-12
builds on K-8 experiences
and progresses to college or
career experiences.

Cause and effect
relationships can be
suggested and predicted for
complex natural and human
designed systems by
examining what is known
about smaller scale
mechanisms within the
system.

Disciplinary Core Ideas (DCls): ESS2.B: Plate Tectonics and Large-Scale System Interactions

K-2

3-5

6-8

9-12

ESS2.B: Plate Tectonics and

ESS2.B: Plate Tectonics and
Large-Scale System Interactions
in K-2 builds on prior
experiences and progresses to

Maps show where things are
located. One can map the

ESS2.B: Plate Tectonics and
Large-Scale System Interactions
in 3-5 builds on K-2
experiences and progresses to

Earth’s physical features occur
in patterns, as do earthquakes

Large-Scale System Interactions
in 6- 8 builds on K-5
experiences and knowledge
and progresses to...

Plate tectonics is the unifying
theory that explains movements

ESS2.B: Plate Tectonics and
Large-Scale System Interactions
in 9-12 builds on K-8
experiences and knowledge
and progresses to...

Radioactive decay within
Earth's interior contributes to
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K-2

3-5

6-8

9-12

shapes and kinds of land and
water in any area.

and volcanoes. Maps can be
used to locate features and
determine patterns in those
events

of rocks at Earth’s surface and
geological history. Maps are
used to display evidence of
plate movement.

thermal convection in the
manftle.

Related Cross-Curricular Standards: Current Grade Level

ELA Connections:

¢ LA.10.RI.6 Compare and contrast the development of different arguments on the same topic, evaluating the effectiveness and

validity of the claims.

¢ LA.10.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the
task, purpose, and audience.
e a.Develop a structure to sequence ideas logically; infroduce a clear claim where appropriate, and/or distinguish the claim(s)
from alternate or supporting claims.
¢ b. Demonstrate understanding and engagement with multiple viewpoints and sources to create and support nuanced claims
as a recursive process of inquiry and exploration.
e C. Use words, phrases, key vocabulary, and varied syntax to clarify relationships between claim(s), counterclaim(s), and

supporting evidence.

e d. Adapt style and tone appropriate to the norms and conventions of the task and discipline.

e e. Provide a conclusion that follows from and supports the argument(s) presented.
e LA.12.RI.4 Evaluate the effectiveness of the structure an author uses in an exposition or argument, including whether the

structure makes the points clear, convincing, and engaging.

Mathematics Connections:

e HS.G.4.a Know and use definitions to make deductions in mathematical argumentation (e.g., syllogism, detachment).
e HS.G.4.b Evaluate the validity of conditional statements, including biconditional statements (e.g., conditional, converse,

confrapositive, inverse).

e HS.G.4.c Evaluate the validity of an argument communicated in different ways (e.g., a flow format, two- column, paragraph

format).

e HS.D.2.jRecognize and explain when arguments based on data confuse correlation with causation.
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Connection To Other Grade Level Indicators

Authentic Connections to Other Content Standards:
e Nebraska Standards: SC.HS.13.3.0, SC.HS.13.3.c, SC.HS.13.3.d, SC.HS.13.3.e
e Open SciEd P2: SC.HS.14.4.0, SC.HS.14.4.c, SC.HS.13.3.b, SC.HS.3.3.C

Academic Language Development

Words to support student discourse related to the Disciplinary Core Ideas (DCls):
e Plate tectonics, time scale, continental boundary, subduction, subduction zone, convergent plate boundary, divergent plate
boundary, transform plate boundary, ocean trench, convection, magnetic polarity, reversals, regional hotspot, mid-ocean
ridges, magma, lithosphere, continental plate, oceanic plate, and any academic vocabulary related to a specific phenomena

Assessment Considerations

Formative Assessment:
e NDE Formative Assessment Task Repository

Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:
e https://sipsassessments.org/

Knowledge, Skills, and Abilities:
¢ Identify the claim, evidence, and reasoning statement about the mechanisms of plate tectonics.
¢ |dentify and evaluate the evidence used to support the argument.
¢ |dentify additional evidence for the argument.
e Evaluate the strengths and weaknesses of the evidence to support the argument.
¢ Use additional evidence to determine the validity of the argument.
e Evaluate the logic of the argument.
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Standard Code: SC.HS.13.3 Gather, analyze, and communicate evidence to defend the position that Earth's
systems are interconnected and impact one another.

Students develop models and explanations for the ways that feedbacks between different Earth systems control the appearance of
Earth’s surface. Cenftral to this is the tension between internal systems, which are largely responsible for creating land at Earth’s surface
(e.g., volcanism and mountain building), and the sun-driven surface systems that tear down the land through weathering and erosion.
Students understand the role that water plays in affecting weather. Students understand chemical cycles such as the carbon cycle.

>Indicator Code: SC.HS.13.3.d

Plan and conduct an investigation of the properties of water and their effects on Earth materials, surface processes, and groundwater
systems. Emphasis is on mechanical and chemical investigations with water and a variety of solid materials to provide the evidence for
connections between the hydrologic cycle and system interactions commonly known as the rock cycle. Examples of mechanical
investigations include stream transportation and deposition using a stream table, erosion using variations in soil moisture content, or frost
wedging by the expansion of water as it freezes. Examples of chemical investigations include chemical weathering and
recrystallization (by testing the solubility of different materials) or melt generation (by examining how water lowers the melting
temperature of most solids).

NGSS Comparison: HS-ESS2-5 (modified)

Other Indicators in this Standard

SC.HS.13.3.a0, SC.HS.13.3.b, SC.HS.13.3.c, SC.HS.13.3.e

Concepts and Skills to Master

Foundation Boxes:

Science and Engineering Practice (SEP) Crosscutting Concept (CCC)
Planning and Carrying Out Investigations: Structure and Function:

‘ _ _ o _ . ¢ The functions and properties of natural and designed
Planning and carrying out investigations in 9-12 builds on K-8 objects and systems can be inferred from their overall
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC)

experiences and progresses to include investigations that structure, the way their components are shaped and
provide evidence for and test conceptual, mathematical, used, and the molecular substructures of its various
physical, and empirical models. materials.

Plan and conduct an investigation individually and
collaboratively to produce data to serve as the basis for
evidence, and in the design: decide on types, how much,

and accuracy of data needed to produce reliable
measurements and consider limitations on the precision of

the data (e.g., number of trials, cost, risk, time) and refine
the design accordingly.

Disciplinary Core Idea (DCI)

ESS2.C: The Roles of Water in Earth’s Surface Processes:

The abundance of liquid water on Earth’s surface and its unique combination of physical and chemical properties are central
to the planet’s dynamics. These properties include water’'s exceptional capacity to absorb, store, and release large amounts
of energy, tfransmit sunlight, expand upon freezing, dissolve and transport materials, and lower the viscosities and melting
points of rocks.

Possible Science and/or Engineering Phenomena to Support 3D Instruction

A clay pot crumbles when left outside through the winter but a clay pot inside does not.
Rock falls onto the roadway from the mountain side.

A hiker noticed a riverbank full of sediments from rocks that are miles upstream.
Increasing temperatures lead to sea level rise.

When you freeze water in a glass jar, the jar cracks.

Sinkholes consume cars/buildings.

Lakes freeze from top to bottom allowing living organisms to survive through the winter.
The base of a dam is thicker than the top of the dam.

When you dye the water in a vase of carnations, the petals of the flower change color.
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e Whenit's hot outside, the water in a swimming pool remains cool.
e Insects walk on water.
e Icebergs float in the ocean.

(=]
Py )

e Seasonal changes in groundwater well data or surface streams in and around the Sand Hills.
a’%"c

e Scoft’'s Bluff and Toadstool Geologic Park =+~

e Hoodoos exposed in Goblin State Park, UT or in various other locations.

e Examine patterns in where cave systems are located and that areas underlying geology.

Evidence Statements

What does it look like to demonstrate proficiency on this indicator?

HS.13.3.d Plan and conduct an investigation of the properties of water and their effects on Earth materials, surface processes, and
groundwater systems.

1. Identifying the phenomenon to be investigated
A. Students describe* the phenomenon under investigation, which includes the following idea: a connection between the
properties of water and its effects on Earth materials and surface processes.
2. Identifying the evidence to answer this question
A. Students develop an investigation plan and describe* the data that will be collected and the evidence to be derived

from the data, including:
e Properties of water, including:

a) The heat capacity of water;
b) The density of water in its solid and liquid states; and
c) The polar nature of the water molecule due to its molecular structure.

o The effect of the properties of water on energy transfer that causes the patterns of temperature, the movement of air,
and the movement and availability of water at Earth's surface.
e Mechanical effects of water on Earth materials that can be used to infer the effect of water on Earth’s surface
processes. Examples can include:
qa) Stream transportation and deposition using a stream table, which can be used to infer the ability of water to
transport and deposit materials;
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b) Erosion using variations in soil moisture content, which can be used to infer the ability of water to prevent or
facilitate movement of Earth materials; and
C) The expansion of water as it freezes, which can be used to infer the ability of water to break rocks into
smaller pieces.
Chemical effects of water on Earth materials that can be used to infer the effect of water on Earth’s surface
processes. Examples can include:
Q) The solubility of different materials in water, which can be used to infer chemical weathering and
recrystallization;

b) The reaction of iron to rust in water, which can be used to infer the role of water in chemical weathering;

c) Data illustrating that water lowers the melting temperature of most solids, which can be used to infer melt
generation; and

d) Data illustrating that water decreases the viscosity of melted rock, affecting the movement of magma and

volcanic eruptions.

B. In their investigation plan, students describe* how the data collected will be relevant to determining the effect of water
on Earth materials and surface processes.

Planning for the Investigation

A. In their investigation plan, students include a means to indicate or measure the predicted effect of water on Earth’s
materials or surface processes. Examples include:

The role of the heat capacity of water to affect the temperature, movement of air and movement of water at the
Earth’s surface;

The role of flowing water to pick up, move and deposit sediment;

The role of the polarity of water (through cohesion) to prevent or facilitate erosion;

The role of the changing density of water (depending on physical state) to facilitate the breakdown of rock;

The role of the polarity of water in facilitating the dissolution of Earth materials;

Water as a component in chemical reactions that change Earth materials; and

The role of the polarity of water in changing the melting temperature and viscosity of rocks.

B. In the plan, students state whether the investigation will be conducted individually or collaboratively.
Collecting the data
A. Students collect and record measurements or indications of the predicted effect of a property of water on Earth’s

materials or surface.
Refining the design

A. Students evaluate the accuracy and precision of the collected data.
B. Students evaluate whether the data can be used to infer the effect of water on processes in the natural world.
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C. If necessary, students refine the plan to produce more accurate and precise data.

Critical Background Knowledge

Grade Band Progressions:

Science and Engineering Practices (SEPs): Planning and Carrying Out Investigations

K-2

3-5

6-8

9-12

Planning and Carrying Out
Investigations in K-2 builds
on prior experiences and
progresses to ...

With guidance, plan and
conduct an investigation in
collaboration with peers (for
K).

Plan and conduct an
investigation collaboratively
to produce data to serve as
the basis for evidence to
answer a question.

Planning and Carrying
Out Investigations in 3-5
builds on K-2
experiences and
progresses to ...

Plan and conduct an
investigation
collaboratively to
produce data to serve as
the basis for evidence,
using fair tests in which
variables are controlled
and the number of trials
considered.

Planning and Carrying Out
Investigations in 6— 8 builds on K-5
experiences and progresses to...

Plan an investigation individually and
collaboratively, and in the design:
identify independent and dependent
variables and controls, what tools are
needed to do the gathering, how
measurements will be recorded, and
how many data are needed to support
a claim.

Conduct an investigation and/or
evaluate and/or revise the
experimental design to produce data
to serve as the basis for evidence that
meet the goals of the investigation.

Planning and Carrying Out
Investigations in 9-12 builds on K-
8 experiences and progresses to
college or career experiences.

Plan and conduct an
investigation individually and
collaboratively to produce data
to serve as the basis for
evidence, and in the design:
decide on types, how much, and
accuracy of data needed to
produce reliable measurements
and consider limitations on the
precision of the data (e.g.,
number of trials, cost, risk, time),
and refine the design
accordingly.
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Crosscutting Concepts (CCCs): Structure and Function

K-2

3-5

6-8

9-12

Structure and
Function in K-2
builds on prior
experiences and
progresses to ...

The shape and
stability of structures
of natural and
designed objects
are related to their
function(s).

Structure and Function in 3-
5 builds on K-2 experiences
and progresses fo ...

Different materials have
different substructures,
which can sometimes be
observed.

Substructures have shapes
and parts that serve
functions.

Structure and Function in 6- 8
builds on K-5 experiences and
progresses to...

Structures can be designed to
serve particular functions by
taking into account properties of
different materials, and how
materials can be shaped and
used.

Structure and Function in 9-12 builds on K-8
experiences and progresses to college or
career experiences.

The functions and properties of natural and
designed objects and systems can be
inferred from their overall structure, the way
their components are shaped and used,
and the molecular substructures of its
various materials.

Disciplinary Core Ideas (DCls): ESS2.C: The Roles of Water in Earth’s Surface Processes

K-2

3-5

6-8

9-12

ESS2.C: The Roles of

progresses to ...

Water in Earth’s Surface
Processes in K-2 builds
on prior experiences and

Water is found in many
types of places and in

in Earth’s Surface

K-2 experiences and
progresses to ...

ESS2.C: The Roles of Water

Processes in 3-5 builds on

Most of Earth’s water is in
the ocean and much of
the Earth's fresh water is in

ESS2.C: The Roles of Water in Earth’s Surface
Processes in é- 8 builds on K-5 experiences
and knowledge and progresses to...

Water cycles among land, ocean, and
atmosphere, and is propelled by sunlight and | 4o
gravity. Density variations of sea water drive
inferconnected ocean currents. Water

movement causes weathering and erosion,

ESS2.C: The Roles of Water
in Earth’s Surface Processes
in 9-12 builds on K-8
experiences and
knowledge and progresses

The planet’s dynamics are
greatly influenced by
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K-2

3-5 6-8 9-12

different forms on Earth. glaciers or underground. changing landscape features. water’'s unique chemical

and physical properties.

Related Cross-Curricular Standards: Current Grade Level

ELA Connections:

LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the
research question(s).

a. Integrate information and evidence into writing selectively, accurately quoting or paraphrasing data and conclusions to
maintain the flow of ideas while avoiding plagiarism.

b. Locate and evaluate the credibility of evidence (e.g., the expertise or motivation of the creator of an information product,
potential bias and/or deception, and social, political, and/or historical perspectives) from print and digital sources to generate
and answer questions and create new understandings.

c. Select and use appropriate note-taking formats to collect and organize information.

d. Demonstrate academic integrity by avoiding overreliance on any one source; cite sources using a variety of in-text citations
to enhance fluency; develop a list of sources that conforms to a style guide appropriate to the discipline (e.g., MLA, APA,
Chicago).

e. Practice safe and ethical behaviors when communicating and interacting with others digitally (e.g., safe information to share,
utilize appropriate sites and materials, appropriate language use, respect diverse perspectives.

Mathematics Connections:

HS.D.1.a Formulate multi-variable statistical investigative questions and determine how data can be collected and analyzed to
provide an answer.

HS.D.1.b Apply an appropriate data collection plan when collecting primary data for the statistical investigative question of
interest.

HS.D.1.c Use appropriate technology, including spreadsheet-based logic, to organize data for analysis.

HS.D.1.d Distinguish between surveys, observational studies, and experiments.

HS.D.1.e Understand what constitutes good practice in designing a sample survey, an experiment, and an observational study.
HS.D.1.f Understand issues of bias and confounding variables in a study and their implications for interpretation.
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Connection To Other Grade Level Indicators

Authentic Connections to Other Content Standards:
e Nebraska Standards: SC.HS.13.3.0, SC.HS.13.3.b, SC.HS.13.3.c, SC.HS.13.3.e
e Open Sci Ed C3: SC.HS.3.3.0, SC.HS.5.5.0, SC.HS.3.3.b, SC.HS.3.3.d, SC.HS.11.1.b, SC.HS.14.4.b, SC.HS.13.3.d

Academic Language Development

Words to support student discourse related to the Disciplinary Core Ideas (DCls):
e Polarity, cohesion, adhesion, surface tension, density, pressure, capillary action, weathering, erosion, deposition, high specific
heat, evaporation, biosphere, geosphere, hydrosphere, atmosphere, solubility, and any academic vocabulary related to a
specific phenomena

Assessment Considerations

Formative Assessment:
e NDE Formative Assessment Task Repository

Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:
e hitps://sipsassessments.org/

Knowledge, Skills, and Abilities:
e Design an experiment to determine the effect of a property of water on Earth’s surface water processes.
e Use data collected in an experiment to show the relationship between how water transfers energy between the atmosphere
and the Earth’s surface.
e Gather evidence on how water can physically change surface features.
e Gather evidence on how water can chemically change surface features.
e Analyze data on the relationships between water, viscosity, and melting points.
e Evaluate the relevance of evidence collected.
e Refine the experiment to gain more relevant and accurate data.
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Standard Code: SC.HS.13.3 Gather, analyze, and communicate evidence to defend the position that Earth's
systems are interconnected and impact one another.

Students develop models and explanations for the ways that feedbacks between different Earth systems control the appearance of
Earth’s surface. Cenftral to this is the tension between internal systems, which are largely responsible for creating land at Earth’s surface
(e.g.. volcanism and mountain building), and the sun-driven surface systems that tear down the land through weathering and erosion.
Students understand the role that water plays in affecting weather. Students understand chemical cycles such as the carbon cycle.

>Indicator Code: SC.HS.13.3.e

Develop a quantitative model to describe the cycling of carbon and other nutrients among the hydrosphere, atmosphere, geosphere,
and biosphere, today and in the geological past. Emphasis is on modeling biogeochemical cycles that include the cycling of carbon
through the ocean, atmosphere, soil, and biosphere (including humans), providing the foundation for living organismes.

NGSS Comparison: HS-ESS2-46 (modified)

Other Indicators in this Standard

SC.HS.13.3.a0, SC.HS.13.3.b, SC.HS.13.3.¢c, SC.HS.13.3.d

Concepts and Skills to Master

Foundation Boxes:

Science and Engineering Practice (SEP) Crosscutting Concept (CCC)
Developing and Using Models: Energy and Matter:
e The total amount of energy and matter in closed systems is
Modeling in 9-12 builds on K-8 experiences and progresses to conserved.
using, synthesizing, and developing models to predict and show
relationships among variables between systems and their
components in the natural and designed world(s).
e Develop a model based on evidence to illustrate the
relationships between systems or between components of
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC)
a system.

Disciplinary Core Idea (DCI)

ESS2.D: Weather and Climate:
e Gradual atmospheric changes were due to plants and other organisms that captured carbon dioxide and released oxygen.
e Changes in the atmosphere due to human activity have increased carbon dioxide concentrations and thus affect climate.

Possible Science and/or Engineering Phenomena to Support 3D Instruction
e As atmospheric temperature increases, coral bleaching events become more common.
e Concentrations of atmospheric CO2 have risen continuously for the past 60 years.
¢ Inthe Arctic Ocean, there is a downward trend for the summer minimums of sea ice over the past 40 years.
e The residents of Shishmaref, Alaska are becoming climate refugees.
¢ Anincreased need for natural resources is leading to higher levels of pollution and lower carbon absorption.
e Trees are carbon sinks and can reduce the greenhouse effect.
e Oceans act as carbon sinks and become more acidic over time.
e Ocean organisms with carbonic structures are adversely affected by the acidification of the ocean resulting in economic
impacts.
e Water containing an indicator will change colors as carbon dioxide is blown into it with a straw.

Evidence Statements

What does it look like to demonstrate proficiency on this indicator?

HS.13.3.e Develop a quantitative model to describe the cycling of carbon and other nutrients among the hydrosphere, atmosphere,
geosphere, and biosphere, today and in the geological past.

1. Components of the model
A. Students use evidence to develop a model in which they:
¢ |dentify the relative concentrations of carbon present in the hydrosphere, atmosphere, geosphere and biosphere;
and
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e Represent carbon cycling from one sphere to another.

2. Relationships

A. In the model, students represent and describe* the following relationships between components of the system, including:

The biogeochemical cycles that occur as carbon flows from one sphere to another;
The relative amount of and the rate at which carbon is transferred between spheres;
The capture of carbon dioxide by plants; and

e The increase in carbon dioxide concentration in the atmosphere due to human activity and the effect on climate.

3. Connections
A. Students use the model to explicitly identify the conservation of matter as carbon cycles through various components of
Earth’s systems.
B. Students identify the limitations of the model in accounting for all of Earth’s carbon.

Critical Background Knowledge

Grade Band Progressions:

Science and Engineering Practices (SEPs): Developing and Using Models

K-2

3-5

6-8

9-12

Developing and
Using Models in K-2
builds on prior
experiences and
progresses to
...Develop and/or
use a model to
represent amounts,
relationships, relative
scales (bigger,
smaller), and/or
patterns in the
nafural and

Developing and Using Models in 3-
5 builds on K-2 experiences and
progresses to ...

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

Develop a model using an
analogy, example, or abstract
representation to describe a

Developing and Using Models in 6- 8 builds on
K-5 experiences and progresses to...

Develop or modify a model—based on
evidence - to match what happens if a
variable or component of a system is
changed.

Use and/or develop a model of simple systems
with uncertain and less predictable factors.

Develop and/or revise a model to show the
relationships among variables, including those

Developing and Using
Models in 9-12 builds
on K-8 experiences
and progresses to
college or career
experiences.

Develop a model
based on evidence to
illustrate the
relationships between
systems or between
components of a
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K-2 3-5 6-8 9-12
designed world(s). scientific principle or design that are not observable but predict system.
solution. observable phenomena.
Crosscutting Concepts (CCCs): Energy and Matter
K-2 3-5 6-8 9-12

Energy and Matter in
K-2 builds on prior
experiences and
progresses to ...

Objects may break
into smaller pieces, be
put together into larger
pieces, or change
shapes.

Energy and Matter in 3-5 builds on K-2 experiences and

progresses to ...

Matter is made of particles.

Matter flows and cycles can be tracked in terms of the
weight of the substances before and after a process
occurs. The total weight of the substances does not
change. This is what is meant by conservation of matter.
Matter is tfransported into, out of, and within systems.

Energy and Matter in
6- 8 builds on K-5
experiences and
progresses to...

Energy and Matter in 9-12
builds on K-8
experiences and
progresses to college or

career experiences.
Matter is conserved

because atoms are
conserved in
physical and
chemical processes.

The total amount of
energy and matterin
closed systems is
conserved.

Disciplinary Core Ideas (DCls): ESS2.D: Weather and Climate

K-2

3-5

6-8

9-12

ESS2.D: Weather and
Climate in K-2 builds on
prior experiences and
progresses to ...

ESS2.D: Weather and
Climate in 3-5 builds on
K-2 experiences and
progresses fo ...

ESS2.D: Weather and
Climate in 6- 8 builds on
K-5 experiences and
knowledge and

ESS2.D: Weather and Climate in 9-12 builds on
K-8 experiences and knowledge and
progresses to...
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K-2

3-5 6-8 9-12

Weather is the Climate describes The role of radiation from the sun and its
combination of sunlight, paftterns of typical Complex interactions interactions with the atmosphere, ocean, and
wind, snow or rain, and weather conditions over | determine local weather | land are the foundation for the global climate
temperature in a different scales and patterns and influence system. Global climate models are used to
particular region and fime. | variations. Historical climate, including the role | predict future changes, including changes
People record weather weather patterns can be | of the ocean. influenced by human behavior and natural
patterns over time. analyzed. factors.

progresses to...

Related Cross-Curricular Standards: Current Grade Level

ELA Connections:

LA.10.RI.6 Compare and contrast the development of different arguments on the same topic, evaluating the effectiveness and
validity of the claims.

LA.10.RI.7 Analyze how an author or speaker unfolds a series of events, ideas, or perspectives within and across a wide range of
informational texts.

LA.12.RI.8 Read and comprehend a wide range of informational texts in the 12-CCR grade band independently and proficiently
LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the
research question(s).

a. Integrate information and evidence into writing selectively, accurately quoting or paraphrasing data and conclusions to
maintain the flow of ideas while avoiding plagiarism.

b. Locate and evaluate the credibility of evidence (e.g., the expertise or motivation of the creator of an information product,
potential bias and/or deception, and social, political, and/or historical perspectives) from print and digital sources to generate
and answer questions and create new understandings.

c. Select and use appropriate note-taking formats to collect and organize information.

d. Demonstrate academic integrity by avoiding overreliance on any one source; cite sources using a variety of in-text citations
to enhance fluency; develop a list of sources that conforms to a style guide appropriate to the discipline (e.g., MLA, APA,
Chicago).

e. Practice safe and ethical behaviors when communicating and interacting with others digitally (e.g., safe information to share,
utilize appropriate sites and materials, appropriate language use, respect diverse perspectives).
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Mathematics Connections:
e HS.A.3.a Analyze and model authentic situations using various representations and appropriate technology

HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and

interpret results in context.

e HS.N.3.a Understand roundoff error and why roundoff error accumulates when rounding occurs prior to the last step in a
computation.

e HS.N.3.b Use estimation methods to check the reasonableness of real number computations and decide if the problem calls for
an approximation (including appropriate rounding) or an exact number.

e HS.N.3.c Use units to assess the validity of an answer in the context of a problem.

¢ HS.N.3.d Communicate the meaning of an answer in the context of a problem.

Connection To Other Grade Level Indicators

Authentic Connections to Other Content Standards:
e Nebraska Standards: SC.HS.13.3.0, SC.HS.13.3.b, SC.HS.13.3.c, SC.HS.13.3.d
e Open Sci Ed B2: SC.HS.8.3.a0, SC.HS.8.3.b, SC.HS.8.3.c, SC.HS.8.3.d, SC.HS.8.3.e, SC.HS.8.3.f, SC.HS.7.2.c, SC.HS.5.5.e

Academic Language Development

Words to support student discourse related to the Disciplinary Core Ideas (DCls):

e Carbon, carbon cycle, carbon dioxide, carbon sink, reservoir, compounds, inputs, outputs, decomposition, photosynthesis,
emissions, flux, climate change, sea level, glacier, atmospheric composition, biosphere, hydrosphere, atmosphere, geosphere,
greenhouse gas, greenhouse effect, fossil fuel, pollutant, human impact, combustion, global warming, acidification, and any
academic vocabulary related to a specific phenomena

Assessment Considerations

Formative Assessment:
¢ NDE Formative Assessment Task Repository

Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:
e https://sipsassessments.org/

Knowledge, Skills, and Abilities:
e Develop a quantitative model that shows the cycling of carbon through Earth’s spheres

% SC.HS.13.3.e 113


https://www.openscied.org/instructional-materials/b-2-ecosystems-matter-energy/
https://www.education.ne.gov/assessment/nscas-science/
https://sipsassessments.org/

Use a model to describe the flow of matter and energy through the carbon cycle

Develop and/or use a quantitative model to represent the relationship between components of Earth’s systems and the flow of
carbon between and within the systems

Identify the limitations of a model that represents the flow of carbon between Earth’s systems
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Topic Code: SC.HS. 14 History of Earth
Standard Code: SC.HS.14.4 Gather, analyze, and communicate evidence to interpret Earth's history.

Students construct explanations for the scales of time over which Earth processes operate. An important aspect of Earth and space
science involves making inferences about events in Earth’s history based on a data record that is increasingly incomplete that farther
you go back in time. A mathematical analysis of radiometric dating is used to comprehend how absolute ages are obtained for the
geologic record. A key to Earth’s history is the coevolution of the biosphere with Earth’s other systems, not only in the ways that climate
and environmental changes have shaped the course of evolution but also in how emerging life forms have been responsible for
changing Earth.

Indicator Code: SC.HS.14.4.a

Evaluate evidence of the past and current movements of continental and oceanic crust and the theory of plate tectonics to explain
the differences in age, structure, and composition of crustal and sedimentary rocks. Emphasis is on the ability of plate tectonics to
explain the ages of crustal rocks. Examples include evidence of the ages oceanic crust increasing with distance from mid-ocean ridges
(aresult of plate spreading) and the ages of North American continental crust decreasing with distance away from a central ancient
core of the continental plate (a result of past plate interactions).

NGSS Comparison: HS-ESS1-5 (modified)

Other Indicators in this Standard

SC.HS.14.4.b, SC.HS.14.4.c, SC.HS.14.4.d

Concepts and Skills to Master
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Foundation Boxes:

Science and Engineering Practice (SEP) Crosscutting Concept (CCCQC)
Engaging in Argument from Evidence: Patterns:
e Empirical evidence is needed to identify patterns.
Engaging in argument from evidence in 9-12 builds on K-8
experiences and progresses to using appropriate and sufficient

evidence and scientific reasoning to defend and critique claims
and explanations about the natural and designed world(s).
Arguments may also come from current scientific or historical
episodes in science.
e Evaluate evidence behind currently accepted
explanations or solutions to determine the merits of
arguments.

Disciplinary Core Idea (DCI)

ESS1.C: The History of Planet Earth:
e Contfinental rocks, which can be older than 4 billion years, are generally much older than the rocks of the ocean floor, which
are less than 200 million years old.

PS1.C: Nuclear Processes:
e Spontaneous radioactive decays follow a characteristic exponential decay law. Nuclear lifetimes allow radiometric dating to
be used to determine the ages of rocks and other materials. (secondary to HS.14.4.A),(secondary to HS.14.4.B)

ESS2.B: Plate Tectonics and Large-Scale System Interactions:
e Plate tectonics is the unifying theory that explains the past and current movements of the rocks at Earth’s surface and
provides a framework for understanding its geologic history. (secondary fo HS.14.4.A)

Possible Science and/or Engineering Phenomena to Support 3D Instruction
e The Marianas Trench - Deepest Ocean
e Seafloor age maps
e Distribution of earthquakes
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e Distribution of volcanoes
e Location of frenches and mid-ocean ridges

Evidence Statements

What does it look like to demonstrate proficiency on this indicator?

HS.14.4.a Evaluate evidence of the past and current movements of continental and oceanic crust and the theory of plate tectonics to
explain the differences in age, structure, and composition of crustal and sedimentary rocks.
1. Identifying the given explanation and the supporting evidence
A. Students identify the given explanation, which includes the following idea: that crustal materials of different ages are
arranged on Earth’s surface in a pattern that can be attributed to plate tectonic activity and formation of new rocks
fromm magma rising where plates are moving apart.

B. Students identify the given evidence to be evaluated.
2. Identifying any potential additional evidence that is relevant to the evaluation
A. Students identify and describe* additional relevant evidence (in the form of data, information, models, or other
appropriate forms) that was not provided but is relevant to the explanation and to evaluating the given evidence,
including:

Measurement of the ratio of parent to daughter atoms produced during radioactive decay as a means for
determining the ages of rocks;

Ages and locations of continental rocks;

Ages and locations of rocks found on opposite sides of mid-ocean ridges; and

The type and location of plate boundaries relative to the type, age, and location of crustal rocks.

3. Evaluating and critiquing
A. Students use their additional evidence to assess and evaluate the validity of the given evidence.
B. Students evaluate the reliability, strengths, and weaknesses of the given evidence along with its ability to support logical
and reasonable arguments about the motion of crustal plates.
4. Reasoning/synthesis
A. Students describe* how the following patterns observed from the evidence support the explanation about the ages of

crustal rocks:

The pattern of the continental crust being older than the oceanic crust;
The pattern that the oldest continental rocks are located at the center of continents, with the ages decreasing from
their centers to their margin; and
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e The pattern that the ages of oceanic crust are greatest nearest the contfinents and decrease in age with proximity to

the mid-ocean ridges.

B. Students synthesize the relevant evidence to describe* the relationship between the motion of continental plates and the

patterns in the ages of crustal rocks, including that:

e At boundaries where plates are moving apart, such as mid-ocean ridges, material from the interior of the Earth must

be emerging and forming new rocks with the youngest ages.

e Theregions furthest from the plate boundaries (contfinental centers) will have the oldest rocks because new crust is
added to the edge of continents at places where plates are coming together, such as subduction zones.

e The oldest crustal rocks are found on the continents because oceanic crust is constantly being destroyed at places

where plates are coming together, such as subduction zones.

Critical Background Knowledge

Grade Band Progressions:

Science and Engineering Practices (SEPs): Engaging in Argument from Evidence

K-2

3-5

6-8

9-12

Engaging in Argument from
Evidence in K-2 builds on prior
experiences and progresses to ...

Identify arguments that are
supported by evidence.

Distinguish between explanations
that account for all gathered
evidence and those that do not.

Analyze why some evidence is
relevant to a scientific question and
some is noft.

Engaging in Argument from
Evidence in 3-5 builds on K-2
experiences and progresses to ...

Compare and refine arguments
based on an evaluation of the
evidence presented.

Distinguish among facts, reasoned
judgment based on research
findings, and speculation in an
explanation.

Engaging in Argument from
Evidence in 6- 8 builds on
K-5 experiences and
progresses to...

Compare and critique two
arguments on the same
topic and analyze whether
they emphasize similar or
different evidence and/or
interpretations of facts.

Engaging in Argument from
Evidence in 9-12 builds on
K-8 experiences and
progresses to college or
career experiences.

Evaluate evidence behind
currently accepted
explanations or solutions to
determine the merits of
arguments.
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K-2

9-12

Distinguish between opinions and
evidence in one's own
explanations.

Crosscutting Concepts (CCCs): Patterns

K-2

3-5

6-8

9-12

Patterns in K-2 builds on prior
experiences and progresses to ...

Patterns in the natural and human

designed world can be observed, used

to describe phenomena, and used as

evidence.

Patterns in 3-5 builds on
K-2 experiences and
progresses to ...

Patterns can be used as
evidence to support an
explanation.

Patterns in é- 8 builds on
K-5 experiences and
progresses to...

Graphs, charts, and
images can be used to
identify patterns in data.

Patterns in 9-12 builds on K-8
experiences and progresses to
college or career experiences.

Empirical evidence is needed to
identify patterns.

Disciplinary Core Ideas (DCls): ESS1.C: The History of Planet Earth, PS1.C: Nuclear Processes, ESS2.B:

System Interactions

Plate Tectonics and Large-Scale

K-2 3-5

6-8

9-12

ESS1.C: The History of

Planet Earth in K-2 builds
on prior experiences and
progresses to ... fo ...

Some events on Earth
occur very quickly; others

ESS1.C: The History of Planet
Earth in 3-5 builds on K-2
experiences and progresses

Certain features on Earth can
be used to order events that

ESS1.C: The History of Planet
Earth in 6- 8 builds on K-5
experiences and knowledge
and progresses fo...

Rock strata and the fossil record
can be used as evidence to

9-12

proc

ESS1.C: The History of Planet Earth in

knowledge and progresses to...

The rock record resulfing from
tectonic and other geoscience

builds on K-8 experiences and

esses as well as objects from the
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K-2

3-5

6-8

9-12

can occur very slowly.

PS1.C: Nuclear Processes
in K-2 builds on prior
experiences and
progresses to ...

Matter exists as different
substances that have
observable different
properties. Different
properties are suited to
different purposes. Objects
can be built up from
smaller parts.

ESS2.B: Plate Tectonics
and Large-Scale System
Interactions in K-2 builds
on prior experiences and
progresses to ...

Maps show where things
are located. One can
map the shapes and kinds
of land and water in any
areq.

have occurred in @
landscape.

PS1.C: Nuclear Processes in
3-5 builds on K-2
experiences and progresses
to ...

Matter exists as particles that
are too small to see, and so
matter is always conserved
even if it seems to disappear.
Measurements of a variety of
observable properties can be
used to identify particular
materials.

ESS2.B: Plate Tectonics and
Large-Scale System
Interactions in 3-5 builds on
K-2 experiences and
progresses to ...

Earth's physical features
occur in patterns, as do
earthquakes and volcanoes.
Maps can be used to locate
features and determine
patterns in those events.

organize the relative
occurrence of major historical
events in Earth’s history.

PS1.C: Nuclear Processes in 6-
8 builds on K-5 experiences
and knowledge and progresses
fo...

The fact that matter is
composed of atoms and
molecules can be used to
explain the properties of
substances, diversity of
materials, states of matter,
phase changes, and
conservation of matter.

ESS2.B: Plate Tectonics and
Large-Scale System Interactions
in 6— 8 builds on K-5
experiences and knowledge
and progresses to...

Plate tectonics is the unifying
theory that explains movements
of rocks at Earth’s surface and
geological history. Maps are
used to display evidence of
plate movement.

solar system can provide evidence of
Earth’s early history and the relative
ages of major geologic formations.

PS1.C: Nuclear Processes in 9-12
builds on K-8 experiences and
knowledge and progresses to...

The sub-atomic structural model and
interactions between electric charges
at the atomic scale can be used to
explain the structure and interactions
of matter, including chemical
reactions and nuclear processes.
Repeating patterns of the periodic
table reflect patterns of outer
electrons. A stable molecule has less
energy than the same set of atoms
separated; one must provide at least
this energy to take the molecule
apart.

ESS2.B: Plate Tectonics and Large-
Scale System Interactions in 9-12
builds on K-8 experiences and
knowledge and progresses to...

Radioactive decay within Earth's
interior conftributes to thermal
convection in the mantle.
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Related Cross-Curricular Standards: Current Grade Level

ELA Connections:

e LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the
research question(s)

e a.Integrate information and evidence into writing selectively, accurately quoting or paraphrasing data and conclusions to
maintain the flow of ideas while avoiding plagiarism.

e Db.Llocate and evaluate the credibility of evidence (e.g., the expertise or motivation of the creator of an information product,
potential bias and/or deception, and social, political, and/or historical perspectives) from print and digital sources to generate
and answer questions and create new understandings.

e LA.10.RP.7 Analyze multiple perspectives within and across a wide range of literary texts.

¢ LA.T10.RI.6 Compare and contrast the development of different arguments on the same topic, evaluating the effectiveness and
validity of the claims.

e LA.10.RI.7 Analyze how an author or speaker unfolds a series of events, ideas, or perspectives within and across a wide range of
informational texts.

Mathematics Connections:

e HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and
interpret results in context.

¢ HS.N.3.a Understand roundoff error and why roundoff error accumulates when rounding occurs prior to the last step in a
computation. HS.N.3.b Use estimation methods to check the reasonableness of real number computations and decide if the
problem calls for an approximation (including appropriate rounding) or an exact number.

e HS.N.3.c Use units to assess the validity of an answer in the context of a problem.

¢ HS.N.3.d Communicate the meaning of an answer in the context of a problem.

Connection To Other Grade Level Indicators

Authentic Connections to Other Content Standards:
e Nebraska Standards: SC.HS.14.4.b, SC.HS.14.4.c, SC.HS.14.4.d, SC.HS.13.3.0, SC.HS.13.3.c, SC.HS.13.3.d, SC.HS.13.3.e
e Open SciEd P2: SC.HS.14.4.0, SC.HS.14.4.c, SC.HS.13.3.b, SC.HS.3.3.C

Academic Language Development

Words to support student discourse related to the Disciplinary Core Ideas (DCls):
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e Plate tectonics, oceanic crust, continental crust, mid-ocean ridges, trenches, plate boundaries, radiometric dating, patterns,
and any academic vocabulary related to a specific phenomena

Assessment Considerations

Formative Assessment:
e NDE Formative Assessment Task Repository

Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:
e https://sipsassessments.org/

Knowledge, Skills, and Abilities:
e Gather evidence to describe the pattern of rock ages in continents and ocean floor.
e Develop a model to show the relationship between plate movement and distribution of rock ages.
e Use the model to evaluate an explanation of the relationship between plate movement a distribution of rock ages.
e Gather additional evidence to support the explanation.
e Construct an explanation based on evidence of plate motion and the distribution of rock ages.
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Standard Code: SC.HS.14.4 Gather, analyze, and communicate evidence to interpret Earth's history.

Students construct explanations for the scales of fime over which Earth processes operate. An important aspect of Earth and space
science involves making inferences about events in Earth’s history based on a data record that is increasingly incomplete the farther
you go back in time. A mathematical analysis of radiometric dating is used to comprehend how absolute ages are obtained for the
geologic record. A key to Earth’s history is the coevolution of the biosphere with Earth’s other systems, not only in the ways that climate
and environmental changes have shaped the course of evolution but also in how emerging life forms have been responsible for
changing Earth.

Indicator Code: SC.HS.14.4.b

Apply scientific reasoning and evidence from ancient Earth materials, meteorites, and other planetary surfaces to reconstruct Earth's
formation and early history. Emphasis is on using available evidence within the solar system to reconstruct the early history of Earth,
which formed along with the rest of the solar system 4.6 billion years ago. Examples of evidence include the absolute ages of ancient
materials (obtained by radiometric dating of meteorites, moon rocks, and Earth’s oldest minerals), the sizes and compositions of solar
system objects, and the impact cratering record of planetary surfaces.

NGSS Comparison: HS-ESS1-6

Other Indicators in this Standard

SC.HS.14.4.0, SC.HS.14.4.c, SC.HS.14.4.d

Concepts and Skills to Master

Foundation Boxes:

Science and Engineering Practice (SEP) Crosscutting Concept (CCC)
Constructing Explanations and Designing Solutions: Stability and Change:
e Much of science deals with constructing explanations of
Constructing explanations and designing solutions in 9-12 builds how things change and how they remain stable.
on K-8 experiences and progresses to explanations and designs
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Science and Engineering Practice (SEP)

Crosscutting Concept (CCC)

that are supported by multiple and independent student-
generated sources of evidence consistent with scientific ideas,
principles, and theories.
e Apply scientific reasoning to link evidence to the claims to
assess the extent to which the reasoning and data support
the explanation or conclusion.

Connections to the nature of science

Science Models, Laws, Mechanisms, and Theories Explain Natural
Phenomena:

e A scientific theory is a substantiated explanation of some
aspect of the natural world, based on a body of facts that
have been repeatedly confirmed through observation
and experiment, and the science community validates
each theory before it is accepted. If new evidence is
discovered that the theory does not accommodate, the
theory is generally modified in light of this new evidence.

e Models, mechanisms, and explanations collectively serve

as tools in the development of a scientific theory.

Disciplinary Core Idea (DCI)

ESS1.C: The History of Planet Earth:

e Although active geologic processes, such as plate tectonics and erosion, have destroyed or altered most of the very early
rock record on Earth, other objects in the solar system, such as lunar rocks, asteroids, and meteorites, have changed little over
billions of years. Studying these objects can provide information about Earth’s formation and early history.

PS1.C: Nuclear Processes:

e Spontaneous radioactive decays follow a characteristic exponential decay law. Nuclear lifetimes allow radiometric dating to
be used to determine the ages of rocks and other materials. (secondary to HS.14.4.A),(secondary to HS.14.4.B)
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Possible Science and/or Engineering Phenomena to Support 3D Instruction
e There are many craters on the moon and Mars, but very few craters on the Earth.
e 5,200 metric tons of micrometeorites fall to Earth every year.
e Meteors that have fallen to earth have similar ages as other earth materials.
e Earth has not always had an atmosphere that can support life.
e Earth’s oldest rock and mineral
e Distribution of meteor craters on Earth’s surface.
e Age of meteor craters on Earth’s surface compared to the moon and Mars
e Does Mars have plate tectonics?

Evidence Statements

What does it look like to demonstrate proficiency on this indicator?

HS.14.4.b Apply scientific reasoning and evidence from ancient Earth materials, meteorites, and other planetary surfaces to
reconstruct Earth's formation and early history.
1. Articulating the explanation of phenomena
A. Students construct an account of Earth’s formation and early history that includes that:
e Earth formed along with the rest of the solar system 4.6 billion years ago.
e The early Earth was bombarded by impacts just as other objects in the solar system were bombarded.
e Erosion and plate tectonics on Earth have destroyed much of the evidence of this bombardment, explaining the
relative scarcity of impact craters on Earth.
2. Evidence
A. Students include and describe* the following evidence in their explanatory account:
e The age and composition of Earth’s oldest rocks, lunar rocks, and meteorites as determined by radiometric dating;
e The composition of solar system objects;
e Observations of the size and distribution of impact craters on the surface of Earth and on the surfaces of solar system
objects (e.g., the moon, Mercury, and Mars); and
e The activity of plate tectonic processes, such as volcanism, and surface processes, such as erosion, operating on
Earth.
3. Reasoning
A. Students use reasoning to connect the evidence to construct the explanation of Earth’s formation and early history,
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including that:

¢ Radiometric ages of lunar rocks, meteorites and the oldest Earth rocks point to an origin of the solar system 4.6 billion
years ago, with the creation of a solid Earth crust about 4.4 billion years ago.

e Other planetary surfaces and their patterns of impact cratering can be used to infer that Earth had many impact
craters early in ifs history.

e The relative lack of impact craters and the age of most rocks on Earth compared to other bodies in the solar system
can be attributed to processes such as volcanism, plate fectonics, and erosion that have reshaped Earth’s surface,
and that this is why most of Earth’s rocks are much younger than Earth itself.

Critical Background Knowledge

Grade Band Progressions:

Science and Engineering Practices (SEPs): Constructing Explanations and Designing Solutions

K-2 3-5 6-8 9-12

Constructing Explanations and Constructing Explanations | Constructing Explanations Constructing Explanations and

Designing Solutions in K-2 builds and Designing Solutions and Designing Solutions in 6- | Designing Solutions in 9-12 builds

on prior experiences and in 3-5 builds on K-2 8 builds on K-5 experiences on K-8 experiences and progresses

progresses to ... experiences and and progresses to... to college or career experiences.
progresses to ...

Use information from observations Apply scientific reasoning to Apply scientific reasoning to link

(firsthand and from media) to Identify the evidence show why the data or evidence to the claims to assess

construct an evidence-based that supports particular evidence is adequate for the | the extent to which the reasoning

account for natural phenomena. | points in an explanation. | explanation or conclusion. and data support the explanation

or conclusion.
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Crosscutting Concepts (CCCs): Stability and Change

K-2

3-5

6-8

9-12

Stability and Change in K-
2 builds on prior
experiences and
progresses to ...

Some things stay the same
while other things change.

Things may change slowly
or rapidly.

Stability and Change in 3-5 builds on
K-2 experiences and progresses to

Change is measured in terms of
differences over time and may
occur at different rates.

Some systems appear stable, but
over long periods of time will
eventually change.

Stability and Change in 6-8
builds on K-5 experiences and
progresses to...

Explanations of stability and
change in natural or designed
systems can be constructed by
examining the changes over time
and forces at different scales,
including the atomic scale.

Stability and Change in 9-12
builds on K-8 experiences
and progresses to college or
career experiences.

Much of science deals with
constructing explanations of
how things change and how
they remain stable.

Disciplinary Core Ideas (DCls): ESS1.C: The History of Planet Earth, PS1.C: Nuclear Processes

K-2

3-5

6-8

9-12

ESS1.C: The History of
Planet Earth in K-2
builds on prior
experiences and
progresses to ...Some
events on Earth occur
very quickly; others can
occur very slowly.

PS1.C: Nuclear

ESS1.C: The History of Planet
Earth in 3-5 builds on K-2
experiences and progresses
to ...

Certain features on Earth
can be used to order events
that have occurred in a
landscape.

ESS1.C: The History of Planet
Earth in é6- 8 builds on K-5
experiences and knowledge and
progresses to...

Rock strata and the fossil record
can be used as evidence to
organize the relative occurrence
of major historical events in
Earth’s history.

ESS1.C: The History of Planet Earth in 9-
12 builds on K-8 experiences and
knowledge and progresses to...

The rock record resulting from tectonic
and other geoscience processes as well
as objects from the solar system can
provide evidence of Earth’s early history
and the relative ages of major geologic
formations.
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K-2

3-5

6-8

9-12

Processes in K-2 builds
on prior experiences
and progresses fo ...

Matter exists as different
substances that have
observable different
properties. Different
properties are suited to
different purposes.
Objects can be built up
from smaller parts.

PS1.C: Nuclear Processes in
3-5 builds on K-2
experiences and progresses
to ...

Matter exists as particles that
are too small to see, and so
matter is always conserved
even if it seems to disappear.
Measurements of a variety of
observable properties can
be used to identify particular
materials.

PS1.C: Nuclear Processes in 6- 8
builds on K-5 experiences and
knowledge and progresses to...

The fact that matter is composed
of atoms and molecules can be
used to explain the properties of
substances, diversity of materials,
states of matter, phase changes,
and conservation of matter.

PS1.C: Nuclear Processes in 9-12 builds
on K-8 experiences and knowledge and
progresses to...

The sub-atomic structural model and
inferactions between electric charges at
the atomic scale can be used to explain
the structure and interactions of matter,
including chemical reactions and
nuclear processes. Repeating patterns
of the periodic table reflect patterns of
outer electrons. A stable molecule has
less energy than the same set of atoms
separated; one must provide aft least this
energy to take the molecule apart.

Related Cross-Curricular Standards: Current Grade Level

ELA Connections:

e LA.T0.RI.1 Analyze the development of two or more implied or explicit central ideas over the course of an informational text or
texts. LA.10.RI.2 Analyze how the interaction of individuals, important events, and key ideas contribute to the meaning of the

work as a whole.

e LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the
research question(s). a. Integrate information and evidence into writing selectively, accurately quoting or paraphrasing data
and conclusions to maintain the flow of ideas while avoiding plagiarism. b. Locate and evaluate the credibility of evidence
(e.g., the expertise or motivation of the creator of an information product, potential bias and/or deception, and social, political,
and/or historical perspectives) from print and digital sources to generate and answer questions and create new understandings.

Mathematics Connections:
¢ HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and
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interpret results in context.

e HS.N.3.a Understand roundoff error and why roundoff error accumulates when rounding occurs prior to the last step in a
computation.

e HS.N.3.b Use estimation methods to check the reasonableness of real number computations and decide if the problem calls for
an approximation (including appropriate rounding) or an exact number.

e HS.N.3.c Use units to assess the validity of an answer in the context of a problem.

¢ HS.N.3.d Communicate the meaning of an answer in the context of a problem

e HS.N.1 Estimation and Technology: Students will use estimation strategies and technology to reason, to solve problems, and to
make connections within mathematics and across disciplines.

e HS.N.1.a Select, apply, and explain the method of computation when problem solving using real numbers (e.g., models, mental
computation, paper-pencil, technology).

e HS.N.1.b Determine if the context of a problem calls for an approximation or an exact value.

e HS.N.1.c Determine the rounding convention to be used based on the context of a problem.

e HS.D.2.f Represent data on two quantitative variables on a scatter plot and describe how the variables are related.

Connection To Other Grade Level Indicators

Authentic Connections to Other Content Standards:
e Nebraska Standards: SC.HS.14.4.a, SC.HS.14.4.c, SC.HS.14.4.d, SC.HS.3.3.c
e OpenSciEdP2: SC.HS.14.4.0, SC.HS.14.4.c, SC.HS.13.3.b, SC.HS.3.3.Cc

Academic Language Development

Words to support student discourse related to the Disciplinary Core Ideas (DCls):
e Absolute age, relative age, accretion, solar nebula, primordial atmosphere, gravity, gravitational collapse, rock record,
continental crust/plate, oceanic crust/plate, particulates, planetesimails, billion, planetary surfaces, Precambrian, Camiorian,
radiometric dating, scientific reasoning, and any academic vocabulary related to a specific phenomena

Assessment Considerations

Formative Assessment:
¢ NDE Formative Assessment Task Repository

Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:
e hitps://sipsassessments.org/
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Knowledge, Skills, and Abilities:

Gather evidence of the age of planet Earth and the solar system.

Use evidence to determine the relationship between the oldest rocks on Earth, lunar rocks and meteorites.

Use plate tectonic evidence to describe the relationship between rock ages on Earth, moon, and meteorites.

Develop a model that shows the relationship between ages of rocks from various areas of the solar system, their composition,
impact craters and plate tectonics.

Use the model to explain the difference in age of Earth’s oldest rocks and age of the planet.
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Standard Code: SC.HS.14.4 Gather, analyze, and communicate evidence to interpret Earth's history.

Students construct explanations for the scales of fime over which Earth processes operate. An important aspect of Earth and space
science involves making inferences about events in Earth’s history based on a data record that is increasingly incomplete the farther
you go back in time. A mathematical analysis of radiometric dating is used to comprehend how absolute ages are obtained for the
geologic record. A key to Earth’s history is the coevolution of the biosphere with Earth’s other systems, not only in the ways that climate
and environmental changes have shaped the course of evolution but also in how emerging life forms have been responsible for
changing Earth.

Indicator Code: SC.HS.14.4.c

Develop a model to illustrate how Earth’s internal and surface processes operate over time to form, modify, and recycle continental
and ocean floor features. Emphasis is on how the appearance of land features (such as mountains, valleys, and plateaus) and sea-
floor features (such as trenches, ridges, and seamounts) are a result of both constructive forces (such as volcanism, tectonic uplift, and
orogeny) and destructive mechanisms (such as weathering, mass wasting, and coastal erosion). Assessment does not include
memorization of the details of the formation of specific geographic features of Earth’s surface.

NGSS Comparison: HS-ESS2-1 (modified)

Other Indicators in this Standard

SC.HS.14.4.0, SC.HS.14.4.b, SC.HS.14.4.d

Concepts and Skills to Master

Foundation Boxes:

Science and Engineering Practice (SEP) Crosscutting Concept (CCC)
Developing and Using Models: Stability and Change:

o ' . e Change and rates of change can be quantified and
using, synthesizing, and developing models to predict and show Some system changes are irreversible.
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC)
relationships among variables between systems and their
components in the natural and designed world(s).
e Develop a model based on evidence to illustrate the
relationships between systems or between components of
a system.

Disciplinary Core Idea (DCI)

ESS2.A: Earth Materials and Systems:
e Earth’s systems, being dynamic and interacting, cause feedback effects that can increase or decrease the original changes.
(Note: This Disciplinary Core Idea is also addressed by HS.13.3.A.)

ESS2.B: Plate Tectonics and Large-Scale System Interactions:

e Plate tectonics is the unifying theory that explains the past and current movements of the rocks at Earth’s surface and
provides a framework for understanding its geologic history.

e Plate movements are responsible for most confinental and ocean-floor features and for the distribution of most rocks and
minerals within Earth’s crust.

Possible Science and/or Engineering Phenomena to Support 3D Instruction

o

AN e
e Clam fossils and the remains of other marine organisms are found in Nebraska. “:%M
e Stromatolite fossils are commonly found in ancient rock layers but can now only be found in Australia.
e The Rocky Mountains are far from a plate boundary.
¢ The Himalayas are both increasing in elevation and decreasing in elevation by the same amount each year.
e The elevation of the Appalachian Mountains is much less than the elevation of the Rocky Mountains.
e The formation of the Channeled Scablands occurred quickly.
e The ocean crust at deep-sea trenches is destroyed.
e The average age of the seafloor is different from the average age of the continental crust.
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o
e While driving across Nebraska different types of rock and their different formations can be seen. ﬁ“

(=}
o

Evidence Statements

What does it look like to demonstrate proficiency on this indicator?

HS.14.4.c Develop a model to illustrate how Earth’s internal and surface processes operate over time to form, modify, and recycle
continental and ocean floor features.
1. Components of the model

A. Students use evidence to develop a model in which they identify and describe* the following components:

Descriptions* and locations of specific continental features and specific ocean-floor features;

A geographic scale, showing the relative sizes/extents of continental and/or ocean-floor features;

Internal processes (such as volcanism and tectonic uplift) and surface processes (such as weathering and erosion);
and

A temporal scale showing the relative times over which processes act to produce continental and/or ocean-floor
features.

2. Relationships
A. In the model, students describe* the relationships between components, including:

Specific internal processes, mainly volcanism, mountain building or tectonic uplift, are identified as causal agents in
building up Earth’s surface over fime.

Specific surface processes, mainly weathering and erosion, are identified as causal agents in wearing down Earth's
surface over time.

Interactions and feedbacks between processes are identified (e.g., mountain-building changes weather patterns that
then change the rate of erosion of mountains).

The rate at which the features change is related to the time scale on which the processes operate. Features that form
or change slowly due to processes that act on long time scales (e.g., confinental positions due to plate drift) and
features that form or change rapidly due to processes that act on short fime scales (e.g., volcanic eruptions) are
identified.

3. Connections
A. Students use the model to illustrate the relationship between

n DEp,
B .
& \%
H z
z H
o, S
8 o'
Dy

the formation of continental and ocean floor features and

SC.HS.14.4.c 133



e Earth’s internal and surface processes operating on different temporal or spatial scales.

Critical Background Knowledge

Grade Band Progressions:

Science and Engineering Practices (SEPs): Developing and Using Models

K-2

3-5

6-8

9-12

Developing and
Using Models in K-2
builds on prior
experiences and
progresses to ...

Develop and/or use
a model to represent
amounts,
relationships, relative
scales (bigger,
smaller), and/or
patterns in the
natural and designed
world(s).

Developing and Using Models in 3-
5 builds on K-2 experiences and
progresses to ...

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

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

Developing and Using Models in 6- 8 builds on
K-5 experiences and progresses to...

Develop or modify a model—based on
evidence - to match what happens if a
variable or component of a system is changed.

Use and/or develop a model of simple systems
with uncertain and less predictable factors.

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

Developing and Using
Models in 9-12 builds
on K-8 experiences
and progresses to
college or career
experiences.

Develop a model
based on evidence to
illustrate the
relationships between
systems or between
components of a
system.

Crosscutting Concepts (CCCs): Stability and Change

K-2 3-5 6-8 9-12
Stability and Stability and Change in 3-5 | Stability and Change in é- 8 builds on K-5 Stability and Change in 9-12
Change in K-2 builds on K-2 experiences | experiences and progresses to... builds on K-8 experiences
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K-2 3-5 6-8

9-12

builds on prior
experiences and
progresses to
...Some things
stay the same
while other things

and progresses to ...

Change is measured in
terms of differences over
time and may occur at
different rates.

change.

Some systems appear
Things may stable, but over long
change slowly or | Periods of fime will
rapidly. eventually 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, including the atomic scale.

Small changes in one part of a system might cause
large changes in another part.

Stability might be disturbed either by sudden events
or gradual changes that accumulate over time.

and progresses to college or
career experiences.

Change and rates of
change can be quantified
and modeled over very short
or very long periods of time.
Some system changes are
irreversible.

Disciplinary Core Ideas (DCls): ESS2.A: Earth Materials and Systems, ESS2.B: Plate Tectonics and Large-Scale System

Interactions

K-2 3-5

6-8

9-12

ESS2.A: Earth Materials
and Systems in K-2
builds on prior
experiences and
progresses to ...

Wind and water can
change the shape of
the land.

ESS2.B: Plate Tectonics
and Large-Scale

ESS2.A: Earth Materials and Systems in
3-5 builds on K-2 experiences and
progresses to ...

Four major Earth systems interact.
Rainfall helps to shape the land and
affects the types of living things found
in aregion. Water, ice, wind,
organisms, and gravity break rocks,
soils, and sediments into smaller pieces
and move them around.

ESS2.A: Earth Materials and Systems
in 6— 8 builds on K-5 experiences
and knowledge and progresses to...

Energy flows and matter cycles
within and among Earth’s systems,
including the sun and Earth’s interior
as primary energy sources. Plate
tectonics is one result of these
processes.

ESS2.B: Plate Tectonics and Large-

ESS2.A: Earth Materials and
Systems in 9-12 builds on
K-8 experiences and
knowledge and progresses
fo...

Feedback effects exist
within and among Earth’s
systems.

ESS2.B: Plate Tectonics and
Large-Scale System
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K-2 3-5 6-8 9-12
System Interactions in ESS2.B: Plate Tectonics and Large- Scale System Interactions in -8 Interactions in 9-12 builds
K-2 builds on prior Scale System Interactions in 3-5 builds | builds on K-5 experiences and on K-8 experiences and
experiences and on K-2 experiences and progresses to | knowledge and progresses to... knowledge and progresses
progresses to ... fo...

Plate tectonics is the unifying theory
Maps show where Earth's physical features occur in that explains movements of rocks at | Radioactive decay within
things are located. One | patterns, as do earthquakes and Earth's surface and geological Earth’'s interior confributes
can map the shapes volcanoes. Maps can be used fo history. Maps are used to display to thermal convection in
and kinds of land and locate features and determine evidence of plate movement. the mantle.
water in any area. paftterns in those events.

Related Cross-Curricular Standards: Current Grade Level

ELA Connections:

e LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the
research question(s)

¢ a.Infegrate information and evidence into writing selectively, accurately quoting or paraphrasing data and conclusions to
maintain the flow of ideas while avoiding plagiarism.

e Db.Llocate and evaluate the credibility of evidence (e.g., the expertise or motivation of the creator of an information product,
potential bias and/or deception, and social, political, and/or historical perspectives) from print and digital sources to generate
and answer questions and create new understandings.

e LA.T10.RI.6 Compare and conftrast the development of different arguments on the same topic, evaluating the effectiveness and
validity of the claims.

e LA.10.RI.7 Analyze how an author or speaker unfolds a series of events, ideas, or perspectives within and across a wide range of
informational texts.

e LA.10.W.5 Write informative/explanatory pieces to clearly convey ideas, information, and concepts in which the development
and structure are appropriate to the task, discipline, purpose, and audience.

e a.Infroduce a topic clearly and provide a specific focus; organize complex ideas, concepts, and information to make clear

connections and distinctions including text features, illustrations, and/or multimedia elements.
b. Develop the topic with relevant, sufficient facts, extended definitions, concrete details, quotations, and/or other information
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and examples.

e . Use appropriate and varied transitions, domain-specific vocabulary, and varied syntax to manage the complexity of the
topic.

e d. Establish and maintain a formal style and objective tone while attending to the norms and conventions of the discipline.

e e. Provide a conclusion that follows from and supports the information or explanations and articulates the implications and/or
significance of the topic.

o LA.12.W.2 Use a recursive writing process to develop, strengthen, and produce writing appropriate to the audience, purpose,
and discipline. e. Use appropriate print and digital/multimedia tools to produce, enhance, and/or publish writing individually or
in collaboration with peers.

Mathematics Connections:

e HS.G.4 Logic and Proof: Students will use geometric definitions and theorems to reason abstractly and quantitatively.

e HS.G.4.a Know and use definitions to make deductions in mathematical argumentation (e.g., syllogism, detachment).

e HS.G.4.b Evaluate the validity of conditional statements, including biconditional statements (e.g., conditional, converse,
contrapositive, inverse).

e HS.G.4.c Evaluate the validity of an argument communicated in different ways (e.g., a flow format, two- column, paragraph
format).

e HS.D.2 Analyze Data and Interpret Results: Students will represent and analyze the data and interpret the results.

e HS.D.2.a ldentify appropriate ways to summarize and then represent the distribution of univariate data and bivariate data
through the construction of histograms, dot plofts, stem plots, box plots, cumulative relative frequency graphs, time plots, circle
graphs, stacked bar graphs, and mosaic bar graphs by hand or with technology.

Connection To Other Grade Level Indicators

Authentic Connections to Other Content Standards:
e Nebraska Standards: SC.HS.14.4.a, SC.HS.14.4.c, SC.HS.14.4.d, SC.HS.3.3.c
e OpenSciEdP2: SC.HS.14.4.0,SC.HS.14.4.c, SC.HS.13.3.b, SC.HS.3.3.Cc

Academic Language Development

Words to support student discourse related to the Disciplinary Core Ideas (DCls):
e Subduction, convergent plate boundary, divergent plate boundary, fransform plate boundary, ocean trench, crustal
deformation, continental plate, oceanic plate, temporal scale, spatial scale, constructive forces, destructive forces, weathering,
erosion, mass wasting, deposition, uplift, mountain-building, and any academic vocabulary related to a specific phenomena
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Assessment Considerations

Formative Assessment:

NDE Formative Assessment Task Repository

Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:

https://sipsassessments.org/

Knowledge, Skills, and Abilities:

KSA1: Develop a model to illustrate how Earth's internal and surface processes operate over time to form, modify, and recycle
contfinental and ocean floor features.

KSA2: Identify and describe that descriptions and locations of specific continental and specific ocean-floor features are relevant
components of a model to be developed involving Earth’s processes operating over time

KSA3: Identify and describe that a geographic scale, showing the relative sizes/extents of continental and/or ocean-floor
features is a relevant component of a model to be developed involving Earth’s processes operating over time

KSA4: Identify and describe that a temporal scale showing the relative times over which processes act to produce continental
and/or ocean-floor features is a relevant component of a model to be developed involving Earth’s processes operating over
time

KSAS5: Identify and describe the constructive and destructive mechanisms result in land features and sea-floor features.

KSA6: Develop a model that shows the relationships between specific internal processes, mainly volcanism, mountain building or
tectonic uplift, and the building up of Earth’s surface over time.

KSA7: Develop a model that shows the relationships between specific surface processes, mainly weathering and erosion, in
wearing down Earth's surface over time.

KSA8: Develop a model that shows the interactions and feedbacks between processes (e.g., mountain-building changes
weather patterns that then change the rate of erosion of mountains).

KSA9: Develop a model that shows the relationships between the rate at which the features change and the time scale on
which the processes operate. Features that form or change slowly due to processes that act on long time scales (e.g.,
continental positions due to plate drift) and features that form or change rapidly due to processes that act on short time scales
(e.g., volcanic eruptions) are identified.

KSA10: Use the developed model to show the relationship between fime and spatial scales, Earth processes, and related
continental and ocean floor features.
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Standard Code: SC.HS.14.4 Gather, analyze, and communicate evidence to interpret Earth's history.

Students construct explanations for the scales of fime over which Earth processes operate. An important aspect of Earth and space
science involves making inferences about events in Earth’s history based on a data record that is increasingly incomplete that farther
you go back in time. A mathematical analysis of radiometric dating is used to comprehend how absolute ages are obtained for the
geologic record. A key to Earth’s history is the coevolution of the biosphere with Earth’s other systems, not only in the ways that climate
and environmental changes have shaped the course of evolution but also in how emerging life forms have been responsible for
changing Earth.

Indicator Code: SC.HS.14.4.d

Construct an argument based on evidence to validate coevolution of Earth’s systems and life on Earth. Emphasis is on the dynamic
causes, effects, and feedbacks between the biosphere and Earth’s other systems, whereby geoscience factors control the evolution of
life, which in turn continuously alters Earth’s surface. Examples include how photosynthetic life altered the atmosphere through the
production of oxygen, which in turn increased weathering rates and allowed for the evolution of animal life; how microbial life on land
increased the formation of soil, which in turn allowed for the evolution of land plants; or how the evolution of corals created reefs that
altered patterns of erosion and deposition along coastlines and provided habitats for the evolution of new life forms. Assessment does
not include a comprehensive understanding of the mechanisms of how the biosphere interacts with all of Earth’s other systems.

NGSS Comparison: HS-ESS2-7 (modified)

Other Indicators in this Standard

SC.HS.14.4.0, SC.HS.14.4.b, SC.HS.14.4.c

Concepts and Skills to Master

Foundation Boxes:

Science and Engineering Practice (SEP) Crosscutting Concept (CCC)

Engaging in Argument from Evidence: Stability and Change:
e Much of science deals with constructing explanations of
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC)

how things change and how they remain stable.
Engaging in argument from evidence in 9-12 builds on K-8

experiences and progresses to using appropriate and sufficient

evidence and scientific reasoning to defend and critique claims
and explanations about the natural and designed world(s).
Arguments may also come from current scientific or historical
episodes in science.

e Construct an oral and written argument or
counterarguments based on data and evidence.

Disciplinary Core Idea (DCI)

ESS2.D: Weather and Climate:
e Gradual atmospheric changes were due to plants and other organisms that captured carbon dioxide and released oxygen.

ESS2.E: Biogeology:
e The many dynamic and delicate feedbacks between the biosphere and other Earth systems cause a continual co-evolution of
Earth’s surface and the life that exists on it.

Possible Science and/or Engineering Phenomena to Support 3D Instruction

e Microbial life on land resulted in the formation of soil which in turn resulted in the evolution of land plants.

e Fossil records show the evolution of plants or animals through fime.

e The abundance of corals in coastal areas reduces erosion and increases deposition, resulting in the increase of land habitats
and evolution.

¢ The succession of the Age of Invertebrates to the Age of Dinosaurs to the Age of Mammals shows stability and change in Earth’s
systems.

e The Sepkoski Curve shows instances of stability and change on Earth.

e Earth’s atmosphere has changed in composition over time showing periods of stability and change affecting other spheres.

e Banded-iron formations have been found in ancient rock layers in Australia, Africa, North America, South America, and Eurasia.
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Evidence Statements

What does it look like to demonstrate proficiency on this indicator?

HS.14.4.d Construct an argument based on evidence to validate coevolution of Earth’s systems and life on Earth.

1.

Developing the claim
A. Students develop a claim, which includes the following idea: that there is simultaneous coevolution of Earth's systems and
life on Earth. This claim is supported by generalizing from multiple sources of evidence.
Identifying scientific evidence
A. Students identify and describe* evidence supporting the claim, including:
Scientific explanations about the composition of Earth’s atmosphere shortly after its formation;
Current atmospheric composition;
Evidence for the emergence of photosynthetic organisms;
e Evidence for the effect of the presence of free oxygen on evolution and processes in other Earth systems;
e Inthe context of the selected example(s), other evidence that changes in the biosphere affect other Earth systems.
Evaluating and critiquing
A. Students evaluate the evidence and include the following in their evaluation:

e A statement regarding how variation or uncertainty in the data (e.g., limitations, low signal-to-noise ratio, collection
bias, etc.) may affect the usefulness of the data as sources of evidence; and

e The ability of the data to be used to determine causal or correlational effects between changes in the biosphere and
changes in Earth’s other systems.

Reasoning and synthesis
A. Students use at least two examples to construct oral and written logical arguments. The examples:

e Include that the evolution of photosynthetic organisms led to a drastic change in Earth’s atmosphere and oceans in
which the free oxygen produced caused worldwide deposition of iron oxide formations, increased weathering due to
an oxidizing atmosphere and the evolution of animal life that depends on oxygen for respiration; and

e |dentify causal links and feedback mechanisms between changes in the biosphere and changes in Earth’s other
systems.

Critical Background Knowledge

Grade Band Progressions:

Science and Engineering Practices (SEPs): Engaging in Argument from Evidence
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K-2

3-5

6-8

9-12

Engaging in Argument
from Evidence in K-2
builds on prior
experiences and
progresses to ...

Construct an
argument with
evidence to support a
claim.

Engaging in Argument from
Evidence in 3-5 builds on K-2
experiences and progresses to

Construct and/or support an

argument with evidence, data,

and/or a model.

Use data to evaluate claims
about cause and effect.

Engaging in Argument from Evidence in
46— 8 builds on K-5 experiences and
progresses to...

Construct, use, and/or present 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.

Engaging in Argument from
Evidence in 9-12 builds on K-8
experiences and progresses
to college or career
experiences.

Construct an oral and written
argument or
counterarguments based on
data and evidence.

Crosscutting Concepts (CCCs): Stability and Change

K-2

3-5

6-8

9-12

Stability and Change in
K-2 builds on prior
experiences and
progresses to ...Some
things stay the same
while other things
change.

Things may change
slowly or rapidly.

Stability and Change in 3-5 builds on
K-2 experiences and progresses to ...

Change is measured in terms of
differences over time and may occur
at different rates.

Some systems appear stable, but
over long periods of time will
eventually change.

Stability and Change in é- 8 builds
on K-5 experiences and progresses
fo...

Explanations of stability and
change in natural or designed
systems can be constructed by
examining the changes over time
and forces at different scales,
including the atomic scale.

Stability and Change in 9-
12 builds on K-8
experiences and
progresses to college or
career experiences.

Much of science deals with
constructing explanations
of how things change and
how they remain stable.
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Disciplinary Core Ideas (DCls): ESS2.D: Weather and Climate, ESS2.E: Biogeology

K-2

3-5

6-8

9-12

ESS2.D: Weather and
Climate in K-2 builds on
prior experiences and
progresses to ...

Weather is the
combination of sunlight,
wind, snow or rain, and
temperature in a

particular region and fime.

People record weather
patterns over time.

ESS2.E: Biogeology in K-2
builds on prior
experiences and
progresses to ...

Plants and animals can
change their local
environment.

ESS2.D: Weather and
Climate in 3-5 builds on
K-2 experiences and
progresses to ...

Climate describes
patterns of typical
weather conditions over
different scales and
variations. Historical
weather patterns can be
analyzed.

ESS2.E: Biogeology in 3-5
builds on K-2
experiences and
progresses to ...

Living things can affect
the physical
characteristics of their
environment.

ESS2.D: Weather and Climate in 6-8
builds on K-5 experiences and
knowledge and progresses to...

Complex interactions determine local
weather patterns and influence climate,
including the role of the ocean.

ESS2.E: Biogeology in é- 8 builds on K-5
experiences and knowledge and
progresses to...

The fossil record documents the
existence, diversity, extinction, and
change of many life forms and their
environments through Earth’s history. The
fossil record and comparisons of
anatomical similarities between
organisms enables the inference of lines
of evolutionary descent.

Changes in biodiversity can influence
humans' resources and ecosystem
services they rely on.

ESS2.D: Weather and Climate in
9-12 builds on K-8 experiences
and knowledge and progresses
fo...

The role of radiation from the sun
and its interactions with the
atmosphere, ocean, and land
are the foundation for the global
climate system. Global climate
models are used to predict future
changes, including changes
influenced by human behavior
and natural factors.

ESS2.E: Biogeology in 9-12 builds
on K-8 experiences and
knowledge and progresses to...

The biosphere and Earth’s other
systems have many
inferconnections that cause a
continual coevolution of Earth’s
surface and life on it.

Related Cross-Curricular Standards: Current Grade Level

ELA Connections:

e LA.T10.RI.6 Compare and contrast the development of different arguments on the same topic,
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validity of the claims.

¢ LA.10.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the
task, purpose, and audience.

e a. Develop a structure to sequence ideas logically; introduce a clear claim where appropriate, and/or distinguish the claim(s)
from alternate or supporting claims.

e b. Demonstrate understanding and engagement with multiple viewpoints and sources to create and support nuanced claims
as arecursive process of inquiry and exploration.

e . Use words, phrases, key vocabulary, and varied syntax to clarify relationships between claim(s), counterclaim(s), and

supporting evidence.

d. Adapft style and tone appropriate to the norms and conventions of the task and discipline.

e e. Provide a conclusion that follows from and supports the argument(s) presented.

Mathematics Connections:
e HS.D.2.j Recognize and explain when arguments based on data confuse correlation with causation.

Connection To Other Grade Level Indicators

Authentic Connections to Other Content Standards:
e Nebraska Standards: SC.HS.14.4.a, SC.HS.14.4.c, SC.HS.14.4.d, SC.HS.3.3.Cc
e OpenSciEdP2: SC.HS.14.4.0, SC.HS.14.4.c, SC.HS.13.3.b, SC.HS.3.3.Cc

Academic Language Development

Words to support student discourse related to the Disciplinary Core Ideas (DCls):
e Evolution, coevolution, fossils, microbial, geologic time, oxygen-rich, deposition, simultaneous, biosphere, geosphere,
hydrosphere, atmosphere, photosynthesis, stability, change, organisms, mass extinction, and any academic vocabulary related
fo a specific phenomena

Assessment Considerations

Formative Assessment:
¢ NDE Formative Assessment Task Repository

Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:
e https://sipsassessments.org/
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Knowledge, Skills, and Abilities:

e Develop and support a claim, by generalizing multiple sources of evidence, about the co-evolution of life and Earth’s system:s.

¢ |dentify and describe evidence that changes in the biosphere affect other Earth system:s.

¢ Evaluate the evidence for the ability of the data to be used to determine causal or correlational effects between changes in
the biosphere and changes in Earth’s other systems.

e Construct an argument based on evidence about the simultaneous co-evolution of Earth’s systems and life on Earth.

e Construct an argument using causal links and feedback mechanisms between changes in the biosphere and changes in Earth’s
other systems, that there is simultaneous co-evolution of Earth’s systems and life on Earth.
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Topic Code: SC.HS. |5 Sustainability
Standard Code: SC.HS.15.5 Gather, analyze, and communicate evidence to describe the interactions
between society, environment, and economy.

Students understand the complex and significant interdependencies between humans and the rest of Earth’s systems through the
impacts of natural hazards, our dependencies on natural resources, and the environmental impacts of human activities. The
sustainability of human societies, and the biodiversity that supports them, requires responsible management of natural resources.
Scientists and engineers can make major contributions by developing technologies that produce less pollution and waste and that
reduce ecosystem degradation. Students also evaluate solutions to resolve complex global and localized problems that contain
inherent social, cultural, and environmental impacts to improve the quality of life for all.

» Indicator Code: SC.HS.15.5.a

Construct an explanation based on evidence for how the availability of natural resources, occurrence of natural hazards, and changes
in climate have influenced human activity. Examples of key natural resources include access to fresh water (such as rivers, lakes, and
groundwater), regions of fertile soils such as river deltas, and high concentrations of minerals and fossil fuels. Examples of natural
hazards can be from interior processes (such as volcanic eruptions and earthquakes), surface processes (such as tsunamis, mass
wasting and soil erosion), and severe weather (such as hurricanes, floods, and droughts). Examples of the results of changes in climate
that can affect populations or drive mass migrations include changes to sea level, regional patterns of temperature and precipitation,
and the types of crops and livestock that can be raised.

NGSS Comparison: HS-ESS3-1

SC.HS.15.5.b, SC.HS.15.5.c, SC.HS.15.5.d, SC.HS.15.5.e, SC.HS.15.5.f

Foundation Boxes:
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC)

Constructing Explanations and Designing Solutions: Cause and Effect:
e Empirical evidence is required to differentiate between
Constructing explanations and designing solutions in 9-12 builds cause and correlation and make claims about specific
on K-8 experiences and progresses to explanations and designs causes and effects.
that are supported by multiple and independent student-
generated sources of evidence consistent with scientific @
knowledge, principles, and theories.
» Construct an explanation based on valid and reliable Connections to Engineering, Technology, and Applications of
evidence obtained from a variety of sources (including Science
students’ own investigations, models, theories, simulations,
peer review) and the assumption that theories and laws Influence of Engineering, Technology, and Science on Society
that describe the natural world operate today as they did | and the Natural World:
in the past and will continue to do so in the future. e Modern civilization depends on major technological
systems.

Disciplinary Core Idea (DCI)

ESS3.A: Natural Resources:
e Resource availability has guided the development of human society.

ESS3.B: Natural Hazards:
e Natural hazards and other geologic events have shaped the course of human history; [they] have significantly altered the
sizes of human populations and have driven human migrations.

Possible Science and/or Engineering Phenomena to Support 3D Instruction

¢ The intensity, frequency, and duration of North Aflantic hurricanes, as well as the frequency of the strongest hurricanes, have
all increased since the early 1980's.

e Trends are beginning to emerge, especially at the extremes in the frequency and magnitude of wildfires, floods and droughts.

e Water availability and distribution concerns will heighten political battles in the West and globally.

e High-tide flooding is a growing problem in many coastal communities.
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e Communities become ghost towns once resources become scarce.
e The residents of Shishmaref, Alaska are becoming climate refugees.
e Trophic cascades and changes in biodiversity

e Seismic activity and fracking

e UAE Building a Mountain to Increase Rainfall

e Vegetable Oil as Fuel

e Earthships

What does it look like to demonstrate proficiency on this indicator?

HS.15.5.a Construct an explanation based on evidence for how the availability of natural resources, occurrence of natural hazards,
and changes in climate have influenced human activity.
1. Articulating the explanation of phenomena

A. Students construct an explanation that includes:

e Specific cause and effect relationships between environmental factors (natural hazards, changes in climate, and the
availability of natural resources) and features of human societies including population size and migration patterns;
and

e That fechnology in modern civilization has mitigated some of the effects of natural hazards, climate, and the
availability of natural resources on human activity.

2, Evidence
A. Students identify and describe* the evidence to construct their explanation, including:

e Natural hazard occurrences that can affect human activity and have significantly altered the sizes and distributions of
human populations in particular regions;

e Changes in climate that affect human activity (e.g., agriculture) and human populations, and that can drive mass
migrations;

e Features of human societies that have been affected by the availability of natural resources; and

e Evidence of the dependence of human populations on technological systems to acquire natural resources and to
modify physical settings.

B. Students use a variety of valid and reliable sources for the evidence, potentially including theories, simulations, peer
review, or students’ own investigations.
3. Reasoning
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A. Students use reasoning that connects the evidence, along with the assumption that theories and laws that describe the
natural world operate foday as they did in the past and will continue to do so in the future, to describe*:
e The effect of natural hazards, changes in climate, and the availability of natural resources on features of human
societies, including population size and migration patterns; and
¢ How technology has changed the cause-and-effect relationship between the development of human society and
natural hazards, climate, and natural resources.
B. Students describe* reasoning for how the evidence allows for the distinction between causal and correlational
relationships between environmental factors and human activity.

Grade Band Progressions:

Science and Engineering Practices (SEPs): Constructing Explanations and Designing Solutions

K-2

3-5

6-8

9-12

Constructing
Explanations in K-2
builds on prior
experiences and
progresses to ...

Use information from
observations (firsthand
and from media) to
construct an evidence-
based account for
natural phenomena.

Constructing
Explanations in 3-5
builds on K-2
experiences and
progresses to ...

Construct an
explanation of
observed relationships
(e.g., the distribution of
plants in the
backyard).

Use evidence (e.g.,
measurements,
observations, patterns)

Constructing Explanations in 6— 8 builds
on K-5 experiences and progresses
fo...

Construct a scientific explanation
based on valid and reliable evidence
obtained from sources (including the
students’ own experiments) and the
assumption that theories and laws that
describe the natural world operate
today as they did in the past and will
continue to do so in the future.

Apply scientific ideas, principles,
and/or evidence to construct, revise
and/or use an explanation for real

Constructing Explanations in 9-12 builds
on K-8 experiences and progresses to
college or career experiences.

Construct and revise an explanation
based on valid and reliable evidence
obtained from a variety of sources
(including students’ own investigations,
models, theories, simulations, peer
review) and the assumption that
theories and laws that describe the
natural world operate today as they did
in the past and will contfinue to do so in
the future.

Apply scientific ideas, principles, and/or
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3-5

6-8

9-12

to construct or support
an explanation.

Identify the evidence
that supports particular
points in an
explanation.

world phenomena, examples, or
events.

Apply scientific reasoning to show why | Apply scientific reasoning, theory,
the data or evidence is adequate for and/or models to link evidence to the

the explanation or conclusion.

evidence to provide an explanation of
phenomena.

claims to assess the extent to which the
reasoning and data support the
explanation or conclusion.

Crosscutting Concepts (CCCs): Cause and Effect

K-2

3-5

6-8

9-12

Cause and Effect in
K-2 builds on prior
experiences and
progresses to ...

Events have causes
that generate
observable patterns.

Cause and Effect in 3-5
builds on K-2 experiences
and progresses fo ...

Cause and effect
relationships are routinely
identified, tested, and
used to explain change.

Cause and Effect in 6- 8 builds
on K-5 experiences and
progresses to...

Cause and effect relationships
may be used to predict
phenomena in natural or
designed systems.

Cause and Effect in 9-12 builds on K-8
experiences and progresses to college or
career experiences.

Empirical evidence is required to
differentiate between cause and correlation
and make claims about specific causes and
effects.

Changes in systems may have various
causes that may not have equal effects
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Disciplinary Core Ideas (DCls): ESS3.A: Natural Resources, ESS3.B: Natural Hazards

K-2

3-5

6-8

9-12

ESS3.A: Natural Resources in K-
2 builds on prior experiences
and progresses fo ...

Living things need water, air,
and resources from the land,
and they live in places that
have the things they need.
Humans use natural resources
for everything they do.

ESS3.B: Natural Hazards in K-2
builds on prior experiences
and progresses to ...

In a region, some kinds of
severe weather are more likely
than others. Forecasts allow
communities to prepare for
severe weather.

ESS3.A: Natural Resources in
3-5 builds on K-2 experiences
and progresses fo ...

Energy and fuels humans use
are derived from natural
sources, and their use affects
the environment. Some
resources are renewable over
time, others are not.

ESS3.B: Natural Hazards in 3-5
builds on prior experiences
and progresses to ...

A variety of hazards result
from natural processes;
humans cannot eliminate
hazards but can reduce their
impacts.

ESS3.A: Natural Resources in 6- 8
builds on K-5 experiences and
knowledge and progresses to...

Humans depend on Earth’s
land, ocean, atmosphere, and
biosphere for different resources,
many of which are limited or not
renewable. Resources are
distributed unevenly around the
planet as a result of past
geologic processes.

ESS3.B: Natural Hazards in 6-8
builds on prior experiences and
progresses to ...

Mapping the history of natural
hazards in a region and
understanding related
geological forces.

ESS3.A: Natural Resources in
9-12 builds on K-8
experiences and knowledge
and progresses to...

Resource availability has
guided the development of
human society and use of
natural resources has
associated costs, risks, and
benefits.

ESS3.B: Natural Hazards in HS
builds on prior experiences
and progresses to ...

Natural hazards and other
geological events have
shaped the course of human
history at local, regional, and
global scales.

ELA Connections:

e RST.11-12.1 Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions
the author makes and to any gaps or inconsistencies in the account.
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e RST.11-12.2 Determine the central ideas or conclusions of a text; summarize complex concepts, processes, or information
presented in a text by paraphrasing them in simpler but still accurate terms.

e RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse formats and media (e.g., quantitative
data, video, multimedia) in order to address a question or solve a problem.

e RST.11-12.8 Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying the data when
possible and corroborating or challenging conclusions with other sources of information.

e WHST.9-12.2 Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments,
or technical processes.

Mathematics Connections:
e MP.2 Reason abstractly and quantitatively.

MP.4 Model with mathematics.

¢ HSN-Q.A.1 Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and the origin in graphs and data displays.

¢ HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling.

¢ HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.

Authentic Connections to Other Content Standards:
e OpenSciEd C1 bundle: SC.HS.4.4.a, SC.HS.4.4.e, SC.HS.13.3.a., SC.HS.12.2.b, SC.HS.14.4.d, SC.HS.15.5.0, SC.HS.12.2.c, SC.HS.15.5.1
e Open SciEd B2 bundle: SC.HS.8.3.a, SC.HS.8.3.b, SC.HS.8.3.c, 8.3.d, SC.HS.8.3.e, SC.HS.8.3.f, SC.HS. 7.2.c, SC.HS.5.5.e
e Open SciEd C4 bundle: SC.HS.13.3.e, SC.HS.15.5.d, SC.HS.4.4.d, SC.HS.5.5.e, SC.HS.5.5.c, SC.HS.5.5.d, SC.HS.5.5.
e Open SciEd C5 bundle: SC.HS.15.5.a0, SC.HS.15.5.b, SC.HS.15.5.d, SC.HS.4.4.d, SC.HS.5.5.b, SC.HS.3.3.c, SC.HS.4.4.0, SC.HS.4.4.b,
SC.HS.4.4f

Words to support student discourse related to the Disciplinary Core Ideas (DCls):
e Natural resources, natural hazards, climate change, biosphere, geosphere, hydrosphere, atmosphere, renewable,
nonrenewable, mitigation, economic cost, availability, scarcity, frequency, magnitude, and any academic vocabulary related
to a specific phenomena
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Formative Assessment:

NDE Formative Assessment Task Repository

Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:

https://sipsassessments.org/

Knowledge, Skills, and Abilities:

Construct an explanation that includes specific cause and effect relationships between environmental factors (natural hazards,
changes in climate, and the availability of natural resources) and features of human societies including population size and
migration patterns.

Use a variety of valid and reliable sources for evidence that the availability of natural resources, occurrence of natural hazards,
and changes in climate have influenced human activity.

ldentify and describe the evidence to explain how environmental factors influence people.

Analyze evidence of natural disasters and explain how these have changed where human populations live.

Gather information on how technology has mitigated the effect of natural hazards.

ldentify cause and effect relationships that link environmental changes to human responses.

Students use reasoning that connects the evidence, along with the assumption that theories and laws that describe the natural
world operate today as they did in the past and will continue to do so in the future, the relationship between environmental
changes and human response.

Describe reasoning for how the evidence allows for the distinction between causal and correlational relationships between
environmental factors and human activity.
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Students understand the complex and significant interdependencies between humans and the rest of Earth’s systems through the
impacts of natural hazards, our dependencies on natural resources, and the environmental impacts of human activities. The
sustainability of human societies, and the biodiversity that supports them, requires responsible management of natural resources.
Scientists and engineers can make major contributions by developing technologies that produce less pollution and waste and that
reduce ecosystem degradation. Students also evaluate solutions to resolve complex global and localized problems that contain
inherent social, cultural, and environmental impacts to improve the quality of life for all.

» Indicator Code: SC.HS.15.5.b

Evaluate competing design solutions for developing, managing, and utilizing energy and mineral resources based on cost-benefit
ratios. Emphasis is on the conservation, recycling, and reuse of resources (such as minerals and metals) where possible, and on
minimizing impacts where it is not. Examples include developing best practices for agricultural soil use, mining (for coal, tar sands, and
oil shales), and pumping (for petroleum and natural gas). Science knowledge indicates what can happen in natural systems—not what
should happen.

NGSS Comparison: HS-ESS3-2

SC.HS.15.5.0, SC.HS.15.5.c, SC.HS.15.5.d, SC.HS.15.5.e, SC.HS.15.5.f

Foundation Boxes:

Science and Engineering Practice (SEP) Crosscutting Concept (CCC)

Engaging in Argument from Evidence: Connections to Engineering, Technology, and Applications of
Science

Engaging in argument from evidence in 9-12 builds on K-8
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Science and Engineering Practice (SEP)

Crosscutting Concept (CCC)

experiences and progresses to using appropriate and sufficient
evidence and scientific reasoning to defend and critique claims
and explanations about natural and designed world(s).
Arguments may also come from current scientific or historical
episodes in science.

e Evaluate competing design solutions to a real-world
problem based on scientific ideas and principles,
empirical evidence, and logical arguments regarding
relevant factors (e.g., economic, societal, environmental,
ethical considerations).

Influence of Engineering, Technology, and Science on Society
and the Natural World:
e Analysis of costs and benefits is a critical aspect of
decisions about technology.

Connections to Nature of Science

Science Addresses Questions About the Natural and Material
World:
e Science and technology may raise ethical issues for which
science, by itself, does not provide answers and solutions.
e Science knowledge indicates what can happen in natural
systems—not what should happen. The latter involves
ethics, values, and human decisions about the use of
knowledge.
e Many decisions are not made using science alone but rely
on social and cultural contexts to resolve issues.

Disciplinary Core Idea (DCI)

ESS3.A: Natural Resources:

e 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.

Possible Science and/or Engineering Phenomena to Support 3D Instruction

¢ Human activities, including agricultural practices, have led to soil depletion.
e Overfilled landfills and urbanization result in the US shipping garbage to developing countries.
e Increased consumption of plastics results in pollution of the ocean/waterways.
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Fertile farmland is being converted for urbanization.

Lack of water regulation in undeveloped countries increases water contamination.

Fluctuations in the price of oil are affected by supply and demand.

Demand for energy has increased the construction of wind and solar energy facilities in Nebraska.
The amount of resource use exceeds the total availability of many resources.

Towing an Iceberg to the UAE

Algae Fuel and Food

Earthships
Hydraulic fracturing

What does it look like to demonstrate proficiency on this indicator?
HS.15.5.b Evaluate competing design solutions for developing, managing, and utilizing energy and mineral resources based on cost-
benefit ratios.

1.
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Supported claims

A. Students describe* the nature of the problem each design solution addresses.
B. Students identify the solution that has the most preferred cost-benefit ratios.
Identifying scientific evidence

A. Students identify evidence for the design solutions, including:

Societal needs for that energy or mineral resource;
The cost of extracting or developing the energy reserve or mineral resource;
The costs and benefits of the given design solutions; and
The feasibility, costs, and benefits of recycling or reusing the mineral resource, if applicable.
Evaluation and critique
A. Students evaluate the given design solutions, including:
e The relative strengths of the given design solutions, based on associated economic, environmental, and geopolitical
costs, risks, and benefits;
¢ The reliability and validity of the evidence used to evaluate the design solutions; and
e Constraints, including cost, safety, reliability, aesthetics, cultural effects and environmental effects.
Reasoning/synthesis
A. Students use logical arguments based on their evaluation of the design solutions, costs and benefits, empirical evidence,
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and scientific ideas to support one design over the other(s) in their evaluation.
B. Students describe* that a decision on the “best” solution may change over time as engineers and scientists work to
increase the benefits of design solutions while decreasing costs and risks.

Grade Band Progressions:

Science and Engineering Practices (SEPs): Engaging in Argument from Evidence

K-2

3-5

6-8

9-12

Engaging in
Argument from
Evidence in K-2
builds on prior
experiences and
progresses to ...

[Intentionally left
blank]

Engaging in
Argument from
Evidence in 3-5
builds on K-2
experiences and
progresses to ...

[Intentionally left
blank]

Engaging in Argument from
Evidence in 6~ 8 builds on
K-5 experiences and
progresses to...

Evaluate competing design
solutions based on jointly
developed and agreed-
upon design criteria.

Engaging in Argument from Evidence in 9-12 buvilds
on K-8 experiences and progresses to college or
career experiences.

Evaluate competing design solutions to a real-world
problem based on scientific ideas and principles,
empirical evidence, and logical arguments
regarding relevant factors (e.g., economic, societal,
environmental, ethical considerations).

Crosscutting Concepts (CCCs): Connections to Engineering, Technology and Applications of Science

K-2

3-5

6-8

9-12

experiences and
progresses to ...

e Every human-

Connections to ETS in
K-2 builds on prior

made product is

Connections to ETS in 3-5
builds on K-2 experiences and

progresses to ...

e People’s needs and wants | e
change over time, as do
their demands for new and

to...

Connections to ETS in é- 8 builds on
K-5 experiences and progresses

All human activity draws on °
natural resources and has both
short and long-term

Connections to ETS in 9-12 builds on
K-8 experiences and progresses to
college or career experiences.

Modern civilization depends on
major technological systems,
such as agriculture, health,
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K-2 3-5 6-8 9-12
designed by improved technologies. consequences, positive as well water, energy, fransportation,
applying some e Engineers improve existing as negative, for the health of manufacturing, construction,

knowledge of the
natural world and
is built by using
natural materials.
e Taking natural
materials to make | e
things impacts the
environment.

technologies or develop
new ones to increase their

benefits, decrease known .

risks, and meet societal
demands.

When new technologies
become available, they
can bring about changes
in the way people live and
interact with one another.

people and the natural
environment.

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.

Technology use varies over time
and from region to region.

and communications.
Engineers confinuously modify
these systems to increase
benefits while decreasing costs
and risks.

New technologies can have
deep impacts on society and
the environment, including
some that were not anticipated.
Analysis of costs and benefits is
a critical aspect of decisions
about technology.

Disciplinary Core Ideas (DCls): ESS3.A: Natural Resources

K-2

3-5

6-8

9-12

ESS3.A: Natural Resources

in K-2 builds on prior
experiences and
progresses to ...

Living things need water,
air, and resources from the

land, and they live in
places that have the

3-5 builds on K-2

to...

Energy and fuels humans

the environment. Some

ESS3.A: Natural Resources in

experiences and progresses

use are derived from natural
sources and their use affects

ESS3.A: Natural Resources in 6- 8 builds
on K-5 experiences and knowledge
and progresses to...

Humans depend on Earth’s land,
ocean, atmosphere, and biosphere for
different resources, many of which are
limited or not renewable. Resources
are distributed unevenly around the

ESS3.A: Natural Resources in 9-
12 builds on K-8 experiences
and knowledge and
progresses to...

Resource availability has
guided the development of
human society and use of
natural resources has
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K-2 3-5 6-8 9-12

things they need. Humans | resources are renewable planet as a result of past geologic associated costs, risks, and
use natural resources for over time, others are not. processes. benefits.
everything they do.

ELA Connections:

e RST.11-12.1 Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions
the author makes and to any gaps or inconsistencies in the account.

e RST.11-12.2 Determine the central ideas or conclusions of a text; summarize complex concepts, processes, or information
presented in a text by paraphrasing them in simpler but still accurate terms.

e RST.11-12.7 Integrate and evaluate multiple sources of information presented in diverse formats and media (e.g., quantitative
data, video, multimedia) in order to address a question or solve a problem.

e RST.11-12.8 Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying the data when
possible and corroborating or challenging conclusions with other sources of information.

e WHST.9-12.2 Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments,
or technical processes.

Mathematics Connections:
e MP.2 Reason abstractly and quantitatively.
e MP.4 Model with mathematics.
¢ HSN-Q.A.1 Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret
units consistently in formulas; choose and interpret the scale and the origin in graphs and data displays.
¢ HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling.
¢ HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.

Authentic Connections to Other Content Standards:
e Nebraska Standards: SC.HS.15.5.a, SC.HS.15.5.b, SC.HS.15.5.d, SC.HS.15.5.e, SC.HS.15.5.f
e OpenSciEdP1:SC.HS.1.1.e, SC.HS.4.4.f, SC.HS.4.4.b, SC.HS.4.4.c, SC.HS.4.4.0,SC.HS.15.5.e, SC.HS.15.5.b
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Words to support student discourse related to the Disciplinary Core Ideas (DCls):
e Natural resources, geosphere, renewable, nonrenewable, conservation, recycling, minerals, metals, mining, economic cost,
availability, scarcity, and any academic vocabulary related to a specific phenomena

Formative Assessment:
e NDE Formative Assessment Task Repository

Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:
e hitps://sipsassessments.org/

Knowledge, Skills, and Abilities:

e Describe the sustainability problem that each design solution addresses.

e |dentify the solution to a sustainability problem that has the most preferred cost-benefit ratio.

e |dentify relevant evidence of societal needs for an energy or mineral resource and the cost of extracting or developing the
energy reserve or mineral resource.

e Identify evidence of the costs, feasibility, and benefits of recycling or reusing mineral resources.

¢ Evaluate the relative strengths of a given design solution that addresses a sustainability problem for its strengths based on
associated economic, environmental, and geopolitical costs, risks, and benefits.

e Evaluate the reliability and validity of evidence used to evaluate a given design solution that addresses a sustainability problem.

e Develop logical arguments based on the evaluation of given design solutions that address a sustainability problem, using
scientific ideas to support one design over the others.

e Explain how a decision on one solution over others may change over time due to the work of scientists and engineers.

e Describe how science knowledge indicates what can happen in natural systems rather than what should not happen.
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Students understand the complex and significant interdependencies between humans and the rest of Earth’s systems through the
impacts of natural hazards, our dependencies on natural resources, and the environmental impacts of human activities. The
sustainability of human societies, and the biodiversity that supports them, requires responsible management of natural resources.
Scientists and engineers can make major contributions by developing technologies that produce less pollution and waste and that
reduce ecosystem degradation. Students also evaluate solutions to resolve complex global and localized problems that contain
inherent social, cultural, and environmental impacts to improve the quality of life for all.

» Indicator Code: SC.HS.15.5.c

Use a computational simulation to illustrate the relationships between management of natural resources, the sustainability of human
populations, and biodiversity. Examples of factors that affect the management of natural resources include costs of resource
extraction and waste management, per-capita consumption, and the development of new technologies. Examples of factors that
affect human sustainability include agricultural efficiency, levels of conservation, and urban planning. Assessment for computational
simulations is limited to using provided multi-parameter programs or constructing simplified spreadsheet calculations. Assessment is
limited to using provided multi-parameter programs or constructing simplified spreadsheet calculations.

NGSS Comparison: HS-ESS3-3 (Modified)

SC.HS.15.5.0, SC.HS.15.5.b, SC.HS.15.5.d, SC.HS.15.5.e, SC.HS.15.5.f

Foundation Boxes:

Science and Engineering Practice (SEP) Crosscutting Concept (CCC)

Using Mathematics and Computational Thinking: Stability and Change:
¢ Change and rates of change can be quantified and
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Science and Engineering Practice (SEP)

Crosscutting Concept (CCQC)

Mathematical and computational thinking in 9-12 builds on K-8
experiences and progresses to using algebraic thinking and
analysis, a range of linear and nonlinear functions including
trigonometric functions, exponentials and logarithms, and

computational tools for statistical analysis to analyze, represent,

and model data. Simple computational simulations are
created and used based on mathematical models of basic
assumptions.
e Create a computational model or simulation of a
phenomenon, designed device, process, or system.

modeled over very short or very long periods of time.
Some system changes are irreversible.

Connections to Engineering, Technology, and Applications of
Science

Influence of Engineering, Technology, and Science on Society
and the Natural World:
e Modern civilization depends on major technological
systems.

Connections to Nature of Science

Science is a Human Endeavor:
e Scientific knowledge is a result of human endeavors,
imagination, and creativity.

Disciplinary Core Idea (DCI)

ESS3.C: Human Impacts on Earth System:s:

e The sustainability of human societies and the biodiversity that supports them requires responsible management of natural

resources.

Possible Science and/or Engineering Phenomena to Support 3D Instruction

e The price of water continues to rise.
e Water scarcity causes disputes over water rights.

e About 60 different raw materials are needed to make a smartphone.

e The deforestation of the Amazon is driven by agriculture.

SC.HS.158.5.¢ 162
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Overhunting has led to the decline of the U.S. sage grouse populations.

Ecoducts and wildlife corridors across highways allow for safe migration of biodiversity.

The species and variety of birds along the Jordan River has changed dramatically in the past 100 years.

Solar power facilities have increased throughout the southwest United States.

Ecosystem services are those natural organisms, systems, and processes that provide benefits o human society.

The loss of bees and other insects for pollination of crops could cost the US over $800,000,000 annually.

Two corn crops grown in the same year in the same rainforest with the same amount of precipitation, but with different soil

qualities, show different growth rates.
e Towing an Iceberg to the UAE
e The Mystery of the Missing Bees
e Terraforming Mars

What does it look like to demonstrate proficiency on this indicator?

HS.15.5.c Use a computational simulation to illustrate the relationships among management of natural resources, the sustainability of
human populations, and biodiversity.
1. Representation

A.

Students will use a computational simulation (online simulation, spreadsheet or a provided multi-parameter program) that
contains representations of the relevant components, including:

e A naturalresource in a given ecosystem;

The sustainability of human populations in a given ecosystem;

Biodiversity in a given ecosystem; and

The effect of a technology on a given ecosystem.

2, Computational modeling

A.

Students describe* simplified realistic (corresponding to real-world data) relationships between simulation variables to
indicate an understanding of the factors (e.g., costs, availability of technologies) that affect the management of natural
resources, human sustainability, and biodiversity. (For example, a relationship could be described that the amount of a
natural resource does not affect the sustainability of human populations in a given ecosystem without appropriate
technology that makes use of the resource; or a relationship could be described that if a given ecosystem is not able to
sustain biodiversity, its ability to sustain a human population is also smaill.)

Students manipulate a simulation (online simulation, spreadsheet or provided multi-parameter program) that models
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each component and its simplified mathematical relationship to other components. Examples could include:

e S=C*B*R*T, where S is sustainability of human populations, C is a constant, B is biodiversity, R is the natural resource,
and Tis a technology used to extract the resource so that if there is zero natural resource, zero technology to extract
the resource, or zero biodiversity, the sustainability of human populations is also zero; and

e B=B1+C*T, where B is biodiversity, B1 is a constant baseline biodiversity, C is a constant that expresses the effect of
technology, and Tis a given technology, so that a given technology could either increase or decrease biodiversity
depending on the value chosen for C.

C. The simulation contains user-controlled variables that can illustrate relationships among the components (e.g.,
technology having either a positive or negative effect on biodiversity).
3. Analysis
A. Students use the results of the simulation to:
¢ lllustrate the effect on one component by altering other components in the system or the relationships between
components;
e |dentify the effects of technology on the interactions between human populations, natural resources, and biodiversity;
and
¢ |dentify feedbacks between the components and whether or not the feedback stabilizes or destabilizes the system.
B. Students compare the simulation results to a real-world example(s) and determine if the simulation can be viewed as
realistic.
C. Students identify the simulation’s limitations relative to the phenomenon at hand.

Grade Band Progressions:

Science and Engineering Practices (SEPs): Using Mathematics and Computational Thinking

K-2 3-5 6-8 9-12

Using Mathematics and Using Mathematics and Using Mathematics and Using Mathematics and
Computational Thinking in K-2 | Computational Thinking in 3-5 | Computational Thinking in 6— 8 | Computational Thinking in 9-12
builds on prior experiences builds on K-2 experiences and | builds on K-5 experiences and | builds on K-8 experiences and
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K-2

3-5

6-8

9-12

and progresses to ...

Use counting and numbers to
identify and describe patterns
in the natural and designed

progresses to ...

Organize simple data sets to
reveal patterns that suggest
relationships.

progresses to...

Use digital tools (e.g.,
computers) to analyze very
large data sets for patterns

world(s).

and trends.

progresses to college or
career experiences.

Create a computational
model or simulation of a
phenomenon, designed
device, process, or system.

Crosscutting Concepts (CCCs): Stability and Change

builds on prior
experiences and
progresses to
...Some things stay
the same while
other things change.
Things may change
slowly or rapidly.

and progresses fo ...

Change is measured in terms
of differences over time and
may occur at different rates.

Some systems appear stable,
but over long periods of time
will eventually 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, including
the atomic scale.

Small changes in one part of a system might
cause large changes in another part.

Stability might be disturbed either by sudden
events or gradual changes that accumulate

over time.

K-2 3-5 6-8 9-12
Stability and Stability and Change in 3-5 Stability and Change in é- 8 builds on K-5 Stability and Change in 9-12
Change in K-2 builds on K-2 experiences experiences and progresses to... builds on K-8 experiences

and progresses to college or
career experiences.

Change and rates of change
can be quantified and
modeled over very short or
very long periods of time.
Some system changes are
irreversible.

Disciplinary Core Ideas (DCls): ESS3.C: Human Impacts on Earth Systems
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K-2

3-5

6-8

9-12

ESS3.C: Human
Impacts on Earth
Systems in K-2 builds
on prior experiences
and progresses fo ...

Things people do can
affect the
environment, but they
can make choices to

ESS3.C: Human Impacts on
Earth Systems in 3-5 builds on
K-2 experiences and
progresses to ...

Societal activities have had
maijor effects on the land,
ocean, atmosphere, and even
outer space. Societal activities
can also help protect Earth’s

ESS3.C: Human Impacts on Earth
Systems in é- 8 builds on K-5
experiences and knowledge and
progresses to...

Human activities have altered the
biosphere, sometimes damaging if,
although changes to environments can
have different impacts for different living
things. Activities and technologies can

ESS3.C: Human Impacts on
Earth Systems in 9-12 builds on
K-8 experiences and
knowledge and progresses to...

Sustainability of human
societies and the biodiversity
that supports them requires
responsible management of
natural resources, including the

reduce theirimpacts. | resources and environments. be engineered to reduce people’s

impacts on Earth.

ELA Connections:

e LA.T10.RI.6 Compare and conftrast the development of different arguments on the same topic, evaluating the effectiveness and
validity of the claims.

e LA.10.W.2 Use a recursive writing process to develop, strengthen, and produce writing appropriate to the audience, purpose,
and discipline. e. Use appropriate print and digital/multimedia tools to produce, enhance, and/or publish writing individually or
in collaboration with peers.

e LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the
research question(s).

¢ a.lInfegrate information and evidence into writing selectively, accurately quoting or paraphrasing data and conclusions to
maintain the flow of ideas while avoiding plagiarism.

e Db.Llocate and evaluate the credibility of evidence (e.g., the expertise or motivation of the creator of an information product,
potential bias and/or deception, and social, political, and/or historical perspectives) from print and digital sources to generate
and answer questions and create new understandings.

e LA.10.W.5 Write informative/explanatory pieces to clearly convey ideas, information, and concepts in which the development

development of technologies.
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and structure are appropriate to the task, discipline, purpose, and audience.

Mathematics Connections:

¢ HS.A.3.a Analyze and model authentic situations using various representations and appropriate technology.

e HS.A.1 Algebraic Relationships: Students will demonstrate and represent relationships with functions.

¢ HS.A.1.a Demonstrate that functions are a well mapped subdomain of relations.

e HS.A.1.b Analyze a relation to determine if it is a function given mapping diagrams, function notation (e.g., f(x)=x2 ), a table, or a
graph.

e HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and
interpret results in context.

¢ HS.N.3.d Communicate the meaning of an answer in the context of a problem.

Authentic Connections to Other Content Standards:
e Nebraska Standards: SC.HS.15.5.a, SC.HS.15.5.b, SC.HS.15.5.d, SC.HS.15.5.e, SC.HS.15.5.f
e OpenSciEdPI1:SC.HS.1.1.e, SC.HS.4.4.f, SC.HS.4.4.b, SC.HS.4.4.Cc, SC.HS.4.4.0, SC.HS.15.5.e, SC.HS.15.5.b

Words to support student discourse related to the Disciplinary Core Ideas (DCls):

e Conservation, management, consumption, waste management, energy production, renewable resources, nonrenewable
resources, biodiversity, ecosystem, human activity, human impact, per-capita, resource availability, resource extraction, urban
planning, economic cost, social cost, environmental cost, geopolitical cost, and any academic vocabulary related to a specific
phenomena

Formative Assessment:
e NDE Formative Assessment Task Repository

Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:
e hitps://sipsassessments.org/

Knowledge, Skills, and Abilities:
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Examples of factors that affect the management of natural resources include costs of resource extraction and waste management,
per-capita consumption, and the development of new technologies. Examples of factors that affect human sustainability include
agricultural efficiency, levels of conservation, and urban planning. Assessment for computational simulations is limited to using provided
multi-parameter programs or constructing simplified spreadsheet calculations.

Students will use a computational simulation (online simulation, spreadsheet or a provided multi-parameter program) that
contains representations of the relevant components, including:

|dentify the relevant components of a model that shows the relationships among management of natural resources, the
sustainability of human populations, and biodiversity.

Use a computational system that contains representations of a natural resource, biodiversity, and sustainability of human
population in a given ecosystem.

Use a computational simulation to show the effect of a technology on a given ecosystem.

Describe* simplified data of relationships between simulation variables to indicate an understanding of the factors that affect
the management of natural resources, human sustainability, and biodiversity.

Manipulate variables in a simulation to show the effect of the absence of one of the components on the rest of the system.
(Results in the absence of the other variables)

Manipulate variables in a simulation to show that a given technology could either increase or decrease biodiversity.

Use the results of a simulation to illustrate the effect on one component by altering other components in the system or the
relationships between components.

Use the results of a simulation to identify feedbacks between the components and the effect of the feedback on the system.
(stabilizes or destabilizes the system.)

Compare the simulation results to a real-world example(s) and determine if the simulation can be viewed as realistic.
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Students understand the complex and significant interdependencies between humans and the rest of Earth’s systems through the
impacts of natural hazards, our dependencies on natural resources, and the environmental impacts of human activities. The
sustainability of human societies, and the biodiversity that supports them, requires responsible management of natural resources.
Scientists and engineers can make major contributions by developing technologies that produce less pollution and waste and that
reduce ecosystem degradation. Students also evaluate solutions to resolve complex global and localized problems that contain
inherent social, cultural, and environmental impacts to improve the quality of life for all.

» Indicator Code: SC.HS.15.5.d

Evaluate or refine a technological solution that increases positive impacts of human activities on natural systems. Examples of data on
the impacts of human activities could include the quantities and types of pollutants released, changes to biomass and species
diversity, or areal changes in land surface use (such as for urban development, agriculture and livestock, or surface mining). Examples
for limiting future impacts could range from local efforts (such as reducing, reusing, and recycling resources) to large-scale
geoengineering design solutions (such as altering global temperatures by making large changes to the atmosphere or ocean).

NGSS Comparison: HS-ESS3-4

SC.HS.15.5.0, SC.HS.15.5.b, SC.HS.15.5.¢c, SC.HS.15.5.e, SC.HS.15.5.f

Foundation Boxes:

Science and Engineering Practice (SEP) Crosscutting Concept (CCC)

Constructing Explanations and Designing Solutions: Stability and Change:
e Feedback (negative or positive) can stabilize or destabilize a
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Science and Engineering Practice (SEP) Crosscutting Concept (CCQC)

system.
Constructing explanations and designing solutions in 9-12
builds on K-8 experiences and progresses to Connections to Engineering, Technology, and Applications of Science
explanations and designs that are supported by multiple
evidence consistent with scientific knowledge, principles, | the Natural World:
and theories. e Engineers continuously modify these systems to increase
Design or refine a solution to a complex real-world benefits while decreasing costs and risks.

problem, based on scientific knowledge, student-
generated sources of evidence, prioritized criteriq,
and tradeoff considerations.

Disciplinary Core Idea (DCI)

ESS3.C: Human Impacts on Earth Systems
Scientists and engineers can make major contributions by developing technologies that produce less pollution and waste
and that preclude ecosystem degradation.

Possible Science and/or Engineering Phenomena to Support 3D Instruction

e Google Maps Timelapse

e The Mystery of the Missing Bees
e The Salmon Cannon

e Precious Plastic

o Algae Fuel and Food

e Earthships

e The Gravity Light

e Industrial composters

e Sustainability city - eco-city

e GCreen Building
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What does it look like to demonstrate proficiency on this indicator?

HS.15.5.d Evaluate or refine a technological solution that increases positive impacts of human activities on natural systems.
1. Using scientific knowledge to generate the design solution
A. Students use scientific information to generate a number of possible refinements to a given technological solution.
Students:
e Describe* the system being impacted and how the human activity is affecting that system;
¢ |dentify the scientific knowledge and reasoning on which the solution is based;
e Describe* how the technological solution functions and may be stabilizing or destabilizing the natural system;
e Refine a given technological solution that reduces human impacts on natural systems; and
¢ Describe* that the solution being refined comes from scientists and engineers in the real world who develop
technologies to solve problems of environmental degradation.
2. Describing criteria and constraints, including quantification when appropriate
A. Students describe* and quantify (when appropriate):
e Criteria and constraints for the solution to the problem; and
e The tradeoffs in the solution, considering priorities and other kinds of research-driven tfradeoffs in explaining why this
partficular solution is or is not needed.

3. Evaluating potential refinements
A. In their evaluation, students describe* how the refinement will improve the solution to increase benefits and/or decrease
costs orrisks to people and the environment.
B. Students evaluate the proposed refinements for:

e Their effects on the overall stability of and changes in natural systems; and
e Cost, safety, aesthetics, and reliability, as well as cultural and environmental impacts.

Grade Band Progressions:

Science and Engineering Practices (SEPs): Constructing Explanations and Designing Solutions
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K-2

3-5

6-8

9-12

Constructing Explanations
and Designing Solutions in
K-2 builds on prior
experiences and
progresses to ...

Use tools and/or materials
to design and/or build a
device that solves a
specific problem or a
solution to a specific
problem.

Generate and/or compare
multiple solutions to a
problem.

Constructing Explanations
and Designing Solutions in
3-5 builds on K-2
experiences and
progresses to ...

Apply scientific ideas to
solve design problems.

Generate and compare
multiple solutions to a
problem based on how well
they meet the criteria and
constraints of the design
solution.

Constructing Explanations and Designing
Solutions in é- 8 builds on K-5 experiences

and progresses to...

Apply scientific ideas or principles to
design, construct, and/or test a design o
an object, tool, process or system.

Undertake a design project, engaging in
the design cycle, to construct and/or
implement a solution that meets specific
design criteria and constraints.

Optimize performance of a design by
prioritizing criteria, making tradeoffs, testi
revising, and retesting.

Constructing Explanations
and Designing Solutions in
9-12 builds on K-8
experiences and
progresses to college or

f career experiences.

Design or refine a solution
to a complex real-world
problem, based on
scientific knowledge,
student-generated sources
of evidence, prioritized
criteria, and tradeoff

ng, . .
9 considerations.

Crosscutting Concepts (CCCs): Stability and Change

K-2

3-5

6-8

9-12

Stability and Change in K-
2 builds on prior
experiences and
progresses to ...

Some things stay the same
while other things change.

Stability and Change in 3-5
builds on K-2 experiences and
progresses to ...

Some systems appear stable,
but over long periods of time
will eventually change.

Stability and Change in é- 8 builds
on K-5 experiences and progresses
fo...

Stability might be disturbed either by
sudden events or gradual changes
that accumulate over time.

Stability and Change in 9-12
builds on K-8 experiences and
progresses to college or career
experiences.

Feedback (negative or positive)
can stabilize or destabilize a
system.
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K-2 3-5 6-8 9-12
Things may change slowly
or rapidly.
Disciplinary Core Ideas (DCls): ESS3.C: Human Impacts on Earth Systems
K-2 3-5 6-8 9-12
ESS3.C: Human ESS3.C: Human Impacts | ESS3.C: Human Impacts on Earth Systems in ESS3.C: Human Impacts on Earth
Impacts on Earth on Earth Systems in 3-5 | é- 8 builds on K-5 experiences and Systems in 9-12 builds on K-8
Systems in K-2 builds | builds on K-2 knowledge and progresses to... experiences and knowledge and
on prior experiences | experiences and o o progresses to...
and progresses fo ... progresses 1o ... ¢ Human activities have significantly altered
the biosphere, sometimes damaging or e The sustainability of human
e Things people do |[e Societal activities destroying natural habitats and causing societies and the biodiversity
can affect the have had major the extinction of other species. But that supports them requires
environment, but effects on the land, changes to Earth’s environments can responsible management of
they can make ocean, atmosphere, have different impacts (negative and natural resources. (HS-ESS3-3)
choices to reduce and even outer positive) for different living things. (MSESS3- | ¢  Scientists and engineers can
their impacts. space. Societal 3) make major contributions by
activities can also e Typically, as human populations and per- developing technologies that
help protect Earth’s capita consumption of natural resources produce less pollution and
resources and increase, so do the negative impacts on waste and that preclude
environments. Earth unless the activities and technologies ecosystem degradation.
involved are engineered otherwise.

ELA Connections:
¢ LA.10.RI.5 Analyze informational texts of historical and/or cultural significance, including their treatment of related topics and
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concepts.
¢ LA.10.RI.6 Compare and contrast the development of different arguments on the same topic, evaluating the effectiveness and
validity of the claims.

Mathematics Connections:
e HS.D.1.a Formulate multi-variable statistical investigative questions and determine how data can be collected and analyzed to
provide an answer.
e HS.D.1.b Apply an appropriate data collection plan when collecting primary data for the statistical investigative question of
interest. HS.D.1.c Use appropriate technology, including spreadsheet-based logic, to organize data for analysis.
e HS.D.1.d Distinguish between surveys, observational studies, and experiments.
HS.D.1.e Understand what constitutes good practice in designing a sample survey, an experiment, and an observational study.
HS.D.1.f Understand issues of bias and confounding variables in a study and their implications for interpretation.

Authentic Connections to Other Content Standards:
e Nebraska Standards: SC.HS.15.5.a, SC.HS.15.5.b, SC.HS.15.5.d, SC.HS.15.5.e, SC.HS.15.5.f
e OpenSciEdPI1:SC.HS.1.1.e, SC.HS.4.4.f, SC.HS.4.4.b, SC.HS.4.4.c, SC.HS.4.4.0,SC.HS.15.5.e, SC.HS.15.5.b

Words to support student discourse related to the Disciplinary Core Ideas (DCls):
e Carbon footprint, recycling, biodegradable, sustainable development, energy efficiency, carbon neutral, circular economy,
green energy, eco-friendly, green building, and any academic vocabulary related to a specific phenomena

Formative Assessment:
e NDE Formative Assessment Task Repository

Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:
o https://sipsassessments.org/

Knowledge, Skills, and Abilities:
e Use scientific information to generate a number of possible refinements to a given technological solution used to increase
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positive impacts of humans on natural systemes.

Describe a system being impacted by human activity and how the human activity is affecting the system.

Describe how a given technological solution functions and may be stabilizing or destabilizing the natural system

Describe that the solution being refined comes from using science and reasoning in the real world who develop technologies to
solve problems of environmental degradation.

Describe the criteria and constraints for the solution to a problem involving human impact on the environment.

Describe the tradeoffs in a solution to a problem involving human impact on the environment.

Explain why a particular solution to a problem involving human impact on the environment is or is not needed by considering
priorities and other kinds of research-driven tradeoffs.

Evaluate how well the refinement will improve the solution to increase benefits and/or decrease costs or risks to people and the
environment.
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Students understand the complex and significant interdependencies between humans and the rest of Earth’s systems through the
impacts of natural hazards, our dependencies on natural resources, and the environmental impacts of human activities. The
sustainability of human societies, and the biodiversity that supports them, requires responsible management of natural resources.
Scientists and engineers can make major contributions by developing technologies that produce less pollution and waste and that
reduce ecosystem degradation. Students also evaluate solutions to resolve complex global and localized problems that contain
inherent social, cultural, and environmental impacts to improve the quality of life for all.

» Indicator Code: SC.HS.15.5.e

Evaluate a solution to a complex real-world problem based on prioritized criteria and tradeoffs that account for a range of constraints,
including cost, safety, reliability, and aesthetics, as well as possible social, cultural, and environmental impacts.

NGSS Comparison: HS-ETS1-3

SC.HS.15.5.a0, SC.HS.15.5.b, SC.HS.15.5.c, SC.HS.15.5.d, SC.HS.15.5.f

Foundation Boxes:

Science and Engineering Practice (SEP) Crosscutting Concept (CCC)
Engaging in Argument from Evidence: Cause & Effect:
Engaging in argument from evidence in 9-12 builds on K-8 Connections to Engineering, Technology, and Applications of

experiences and progresses to using appropriate and sufficient | Science

evidence and scientific reasoning to defend and critique claims
and explanations about natural and designed world(s). Influence of Engineering, Technology, and Science on Society
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Science and Engineering Practice (SEP)

Crosscutting Concept (CCQC)

Arguments may also come from current scientific or historical
episodes in science.

e Evaluate a solution to a complex real-world problem,
based on scientific knowledge, student-generated
sources of evidence, prioritized criteria, and tradeoff
considerations.

and the Natural World:
¢ New technologies can have deep impacts on society
and the environment, including some that were not
anticipated.

Disciplinary Core Idea (DCI)

ETS1.B: Developing Possible Solutions:

¢ When evaluating solutions, it is important to take into account a range of constraints, including cost, safety, reliability, and
aesthetics, and to consider social, cultural, and environmental impacts.

Possible Science and/or Engineering Phenomena to Support 3D Instruction

ecosystem

e Observing the movement of tall structures during an earthquake.

e Comparisons of homes with/without earthquake retrofitting following an earthquake.

e The occurrence and magnitude of wildfires is impacted by human actions

e Effects from the 2005 Hurricane Katrina can still be seen along the coastline from abandoned homes, businesses, and

What does it look like to demonstrate proficiency on this indicator?

HS.15.5.E Evaluate a solution to a complex real-world problem based on prioritized criteria and tradeoffs that account for a range of

constraints, including cost, safety, reliability, and aesthetics, as well as possible social, cultural, and environmental impacts.

1. Evaluating potential solutions

A. In their evaluation of a complex real-world problem, students:

e Generate a list of three or more redlistic criteria and two or more constraints, including such relevant factors as cost,

safety, reliability, and aesthetics that specifies an acceptable solution to a complex real-world problem;
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e Assign priorities for each criterion and constraint that allows for a logical and systematic evaluation of alternative

solution proposails;

e Analyze (quantitatively where appropriate) and describe* the strengths and weaknesses of the solution with respect

to each criterion and constraint, as well as social and cultural acceptability and environmental impacts;

e Describe* possible barriers to implementing each solution, such as cultural, economic, or other sources of resistance to

potential solutions; and

e Provide an evidence-based decision of which solution is optimum, based on prioritized criteria, analysis of the
strengths and weaknesses (costs and benefits) of each solution, and barriers to be overcome.

2, Refining and/or optimizing the design solution

A. In their evaluation, students describe* which parts of the complex real-world problem may remain even if the proposed

solution is implemented.

Grade Band Progressions:

Science and Engineering Practices (SEPs): Engaging in Argument from Evidence

K-2

3-5

6-8

9-12

Engaging in
argument from
evidence in K- 2
builds on prior
experiences and
progresses to
comparing ideas and
representations
about the natural
and designed
world(s)

e Construct an

Engaging in argument from
evidence in 3-5 builds on K-
2 experiences and
progresses to critiquing the
scientific explanations or
solutions proposed by peers
by citing relevant evidence
about the natural and
designed world(s).

e Construct and/or
support an argument
with evidence, data,

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).

e Construct, use, and/or present an
oral and written argument
supported by empirical evidence
and scientific reasoning to support
or refute an explanation or a model

Engaging in argument from
evidence in 9-12 builds on K- 8
experiences and progresses to
using appropriate and sufficient
evidence and scientific reasoning
to defend and critique claims and
explanations about the natural and
designed world(s). Arguments may
also come from current scientific or
historical episodes in science.

e Make and defend a claim
based on evidence about the

n DEp,

B S,
& \%
H z
z H

o, >

8 o'

foycht

SC.HS.158.5.e

178



K-2

6-8

9-12

argument with

support a claim.
e Make a claim

effectiveness of
an object, tool, or
solution that is
supported by
relevant
evidence.

evidence to .

about the .

and/or a model.

Use data to evaluate
claims about cause and
effect.

Make a claim about the
merit of a solution to a
problem by citing
relevant evidence about
how it meets the criteria
and constraints of the
problem.

for a phenomenon or a solution to
a problem.

e Make an oral or written argument
that supports or refutes the
advertised performance of a
device, process, or system, based
on empirical evidence concerning
whether or not the technology
meets relevant criteria and
constraints.

e Evaluate competing design
solutions based on jointly
developed and agreed-upon
design criteria.

natural world or the
effectiveness of a design
solution that reflects scientific
knowledge, and student
generated evidence.

e Evaluate competing design

solutions to a real-world problem

based on scientific ideas and
principles, empirical evidence,
and/or logical arguments
regarding relevant factors (e.g.,
economic, societal,
environmental, ethical
considerations).

Crosscutting Concepts (CCCs): Connections to Engineering, Technology and Applications of Science

K-2

3-5

6-8

9-12

Connections to ETS in K-
2 builds on prior
experiences and
progresses to ...

e Every human-made
product is designed
by applying some
knowledge of the
natural world and is

Connections to ETS in 3-5
builds on K-2 experiences
and progresses fo ...

e People’'s needs and

wants change over time,

as do their demands for
new and improved
technologies.

e Engineersimprove

Connections to ETS in é6- 8 builds on
K-5 experiences and progresses
fo...

e Allhuman 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

Connections to ETS in 9-12 builds on
K-8 experiences and progresses to
college or career experiences.

e Modern civilization depends on
major technological systems,
such as agriculture, health,
water, energy, fransportation,
manufacturing, construction,
and communications.
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K-2

6-8

9-12

built by using natural
materials.

e Taking natural
materials to make
things impacts the
environment,

existing technologies or
develop new ones to °
increase their benefits,
decrease known risks,
and meet societal
demands.

¢ When new technologies
become available, they
can bring about changes
in the way people live
and interact with one o
another.

environment.

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.

Technology use varies over
time and from region to region.

Engineers confinuously modify
these systems to increase
benefits while decreasing costs
and risks.

New technologies can have
deep impacts on society and the
environment, including some
that were not anticipated.
Analysis of costs and benefits is a
critical aspect of decisions about
technology.

Disciplinary Core Ideas (DCls): ETS1.B: Developing Possible Solutions

K-2

3-5

6-8

9-12

ETS1.B: Developing
Possible Solutions in K-2
builds on prior
experiences and
progresses to ...

Designs can be
conveyed through
sketches, drawings, or
physical models. These
representations are
useful in communicating

ETS1.B: Developing Possible
Solutions in 3-5 builds on K-2
experiences and progresses to

Research on a problem should
be carried out before beginning
to design a solution. Testing a
solution involves investigating
how well it performs under a
range of likely conditions.

problem.

ETS1.B: Developing Possible Solutions
in 6- 8 builds on K-5 experiences and
knowledge and progresses to...

A solution needs to be tested and
then modified on the basis of the test
results in order to improve it. There are
systematic processes for evaluating
solutions with respect to how well they
meet criteria and constraints of a

ETS1.B: Developing Possible
Solutions in 9-12 builds on K-
8 experiences and
knowledge and progresses
fo...

When evaluating solutions, it
is important to take into
account a range of
constraints, including cost,
safety, reliability, and
aesthetics, and to consider
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K-2 3-5 6-8 9-12

ideas for a problem’s Testing a solution involves There are systematic processes for social, cultural, and
solutions to other investigating how well it evaluating solutions with respect to environmentalimpacts.
people. performs under a range of likely | how well they meet the criteria and

conditions. constraints of a problem.

ELA Connections:

LA.10.RL.5 Analyze informational texts of historical and/or cultural significance, including their freatment of related topics and
concepts.

LA.10.RI.6 Compare and contrast the development of different arguments on the same topic, evaluating the effectiveness and
validity of the claims.

LA.10.RI.7 Analyze how an author or speaker unfolds a series of events, ideas, or perspectives within and across a wide range of
informational texts

LA.10.RI.6 Compare and contrast the development of different arguments on the same topic, evaluating the effectiveness and
validity of the claims.

LA.10.RI.7 Analyze how an author or speaker unfolds a series of events, ideas, or perspectives within and across a wide range of
informational texts.

Mathematics Connections:

HS.D.1.a Formulate multi-variable statistical investigative questions and determine how data can be collected and analyzed to
provide an answer.

HS.D.1.b Apply an appropriate data collection plan when collecting primary data for the statistical investigative question of
interest.

HS.D.1.c Use appropriate technology, including spreadsheet-based logic, to organize data for analysis.

Authentic Connections to Other Content Standards:
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e OpenSciEdP1:SC.HS.1.1.e, SC.HS.4.4.f, SC.HS.4.4.b, SC.HS.4.4.c, SC.HS.4.4.0, SC.HS.15.5.e, SC.HS.15.5.b

Words to support student discourse related to the Disciplinary Core Ideas (DCls):
e Earthquakes, tsunamis, hurricanes, drought, landslides, floods, wildfires, heatwave, biosphere, geosphere, hydrosphere,
atmosphere, mitigation, economic cost, optimal solution, criteria, constraints, problem, and any academic vocabulary related
to a specific engineering challenge.

Formative Assessment:
e NDE Formative Assessment Task Repository

Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:
e hitps://sipsassessments.org/

Knowledge, Skills, and Abilities:

e Generate a list of realistic criteria and constraints, including such relevant factors as cost, safety, reliability, and aesthetics that
specifies an acceptable solution to a complex real-world problem

e Generate a list of possible social, cultural, and environmental impacts of a solution to a complex real-world problem.

e Develop alogical and systematic way to evaluate alternative solutions to proposals (by assigning priorities for each criterion and
constraint).

e Analyze (quantitatively where appropriate) the strengths and weaknesses of a solution by considering each criterion and
constraint, as well as social and cultural acceptability and environmental impacts.

e Evaluate a solution to a real-world problem to identify which parts of the complex real-world problem may remain even if the
proposed solution is implemented.
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Students understand the complex and significant interdependencies between humans and the rest of Earth’s systems through the
impacts of natural hazards, our dependencies on natural resources, and the environmental impacts of human activities. The
sustainability of human societies, and the biodiversity that supports them, requires responsible management of natural resources.
Scientists and engineers can make major contributions by developing technologies that produce less pollution and waste and that
reduce ecosystem degradation. Students also evaluate solutions to resolve complex global and localized problems that contain
inherent social, cultural, and environmental impacts to improve the quality of life for all.

» Indicator Code: SC.HS.15.5.f

Use a computational representation to illustrate the relationships among Earth systems and the degree to which those relationships are
being modified due to human activity. Examples of Earth systems to be considered are the hydrosphere, atmosphere, cryosphere,
geosphere, and/or biosphere. An example of the far-reaching impacts from a human activity is how an increase in atmospheric
carbon dioxide results in an increase in photosynthetic biomass on land and an increase in ocean acidification, with resulting impacts
on sea organism health and marine populations. Assessment does not include running computational representations but is limited to
using the published results of scientific computational models.

NGSS Comparison: HS-ESS3-6 (Modified)

SC.HS.15.5.0, SC.HS.15.5.b, SC.HS.15.5.c, SC.HS.15.5.d, SC.HS.15.5.e

Foundation Boxes:

Science and Engineering Practice (SEP) Crosscutting Concept (CCC)

Using Mathematics and Computational Thinking: Systems and System Models:
¢ When investigating or describing a system, the
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC)
boundaries and initial conditions of the system need to

Mathematical and computational thinking in 9-12 builds on K-8 be defined, and their inputs and outputs analyzed and
experiences and progresses to using algebraic thinking and described using models.

analysis, a range of linear and nonlinear functions including

trigonometric functions, exponentials and logarithms, and A

computational tools for statistical analysis to analyze, represent, | "=/
and model data. Simple computational simulations are created
and used based on mathematical models of basic assumptions.
e Use a computational representation of phenomena or
design solutions to describe and/or support claims and/or
explanations.

Disciplinary Core Idea (DCI)

ESS2.D: Weather and Climate
e Current models predict that, although future regional climate changes will be complex and varied, average global
temperatures will confinue to rise. The outcomes predicted by global climate models strongly depend on the amounts of
human-generated greenhouse gases added to the atmosphere each year and by the ways in which these gases are
absorbed by the ocean and biosphere. (secondary to 15.5.F)

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.

Possible Science and/or Engineering Phenomena to Support 3D Instruction
e Clacier National Park is Melting Away
e Terraforming Mars

What does it look like to demonstrate proficiency on this indicator?
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HS.15.5.f Use a computational representation to illustrate the relationships among Earth systems and the degree to which those
relationships are being modified due to human activity.
1. Representation
A. Students identify and describe* the relevant components of each of the Earth systems modeled in the given
computational representation, including system boundaries, initial conditions, inputs and outputs, and relationships that
determine the interaction (e.g., the relationship between atmospheric CO2 and production of photosynthetic biomass
and ocean acidification).
2. Computational modeling
A. Students use the given computational representation of Earth systems to illustrate and describe* relationships among at
least two of Earth’s systems, including how the relevant components in each individual Earth system can drive changes in
another, interacting Earth system.
3. Analysis
A. Students use evidence from the computational representation to describe* how human activity could affect the
relationships between the Earth’s systems under consideration.

Grade Band Progressions:

Science and Engineering Practices (SEPs): Using Mathematics and Computational Thinking

K-2 3-5 6-8 9-12

Using Mathematics and Using Mathematics and Using Mathematics and Using Mathematics and

Computational Thinking in K-2 | Computational Thinking in 3-5 | Computational Thinking in Computational Thinking in 9-12

builds on prior experiences builds on K-2 experiences and | 6- 8 builds on K-5 builds on K-8 experiences and

and progresses to ... progresses to ... experiences and progresses to college or career

progresses to... experiences.

Describe, measure, and/or Describe, measure, estimate,

compare quantitative and/or graph quantities such Use mathematical Use a computational

attributes of different objects as areq, volume, weight, and representations to describe | representation of phenomena or

and display the data using time to address scientific and and/or support scientific design solutions to describe and/or
engineering questions and conclusions and design support claims and/or
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K-2 3-5 6-8 9-12

simple graphs. problems. solutions. explanations.
Crosscutting Concepts (CCCs): Systems and System Models

K-2 3-5 6-8 9-12

Systems and System Models in
K-2 builds on prior
experiences and progresses to

Objects and organisms can be
described in terms of their
parts.

Systems in the natural and
designed world have parts
that work together.

Systems and System Models in
3-5 builds on K-2 experiences
and progresses fo ...

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.

Systems and System Models in
6- 8 builds on K-5 experiences
and progresses to...

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

Systems and System Models in
9-12 builds on K-8 experiences
and progresses to college or
career experiences.

When investigating or describing
a system, the boundaries and
initial conditions of the system
need to be defined, and their
inputs and outputs analyzed
and described using models.

Disciplinary Core Ideas (DCls): ESS2.D: Weather and Climate, ESS3.D: Global Climate Change

K-2 3-5

6-8

9-12

ESS2.D: Weather and
Climate in K-2 builds on
prior experiences and
progresses to ...

ESS2.D: Weather and
Climate in 3-5 builds on
K-2 experiences and
progresses to ...

ESS2.D: Weather and Climate in
6- 8 builds on K-5 experiences
and knowledge and progresses
fo...

ESS2.D: Weather and Climate in 9-12
builds on K-8 experiences and
knowledge and progresses to...
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K-2

3-5

6-8

9-12

Weather is the
combination of sunlight,
wind, snow or rain, and
temperature in a particular
region and time. People
record weather patterns
over time.

ESS3.D: Global Climate
Change in K-2 builds on
prior experiences and
progresses to ...

[Intentionally left blank]

Climate describes
patterns of typical
weather conditions over
different scales and
variations. Historical
weather patterns can be
analyzed.

ESS3.D: Global Climate
Change in 3-5 builds on
K-2 experiences and
progresses to ...

[Intentionally left blank]

Complex interactions determine
local weather patterns and
influence climate, including the
role of the ocean.

ESS3.D: Global Climate Change in
6- 8 builds on K-5 experiences
and knowledge and progresses
fo...

Human activities affect global
warming. Decisions to reduce the
impact of global warming
depend on understanding
climate science, engineering
capabilities, and social dynamics.

The role of radiation from the sun and its
interactions with the atmosphere,
ocean, and land are the foundation for
the global climate system. Global
climate models are used to predict
future changes, including changes
influenced by human behavior and
natural factors.

ESS3.D: Global Climate Change in 9-12
builds on K-8 experiences and
knowledge and progresses to...

Global climate models used to predict
changes continue to be improved,
although discoveries about the global
climate system are ongoing and
confinually needed.

ELA Connections:

e LA.10.W.2 Use a recursive writing process to develop, strengthen, and produce writing appropriate to the audience, purpose,
and discipline. e. Use appropriate print and digital/multimedia tools to produce, enhance, and/or publish writing individually or
in collaboration with peers.

e LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the
research question(s). a. Integrate information and evidence into writing selectively, accurately quoting or paraphrasing data
and conclusions to maintain the flow of ideas while avoiding plagiarism. b. Locate and evaluate the credibility of evidence
(e.q., the expertise or motivation of the creator of an information product, potential bias and/or deception, and social, political,
and/or historical perspectives) from print and digital sources to generate and answer questions and create new understandings.
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e LA.10.W.5 Write informative/explanatory pieces to clearly convey ideas, information, and concepts in which the development
and structure are appropriate to the task, discipline, purpose, and audience.

Mathematics Connections:

¢ HS.A.3.a Analyze and model authentic situations using various representations and appropriate technology.

¢ HS.N.2.c Demonstrate, represent, and show relationships among the subsets of real numbers and the complex number system.

e HS.N.2.d Compute with subsets of the complex number system including imaginary, rational, irrational, integers, whole, and
natural numbers.

e HS.N.1.a Select, apply, and explain the method of computation when problem solving using real numbers (e.g., models, mental
computation, paper-pencil, technology).

¢ HS.N.1.b Determine if the context of a problem calls for an approximation or an exact value.

e HS.N.1.c Determine the rounding convention to be used based on the context of a problem.

Authentic Connections to Other Content Standards:
e Nebraska Standards: SC.HS.15.5.a, SC.HS.15.5.b, SC.HS.15.5.d, SC.HS.15.5.e, SC.HS.15.5.f
e OpenSciEdPI1:SC.HS.1.1.e, SC.HS.4.4.f, SC.HS.4.4.b, SC.HS.4.4.c, SC.HS.4.4.0,SC.HS.15.5.e, SC.HS.15.5.b

Words to support student discourse related to the Disciplinary Core Ideas (DCls):
e Hydrosphere, atmosphere, cryosphere, geosphere, biosphere, global climate models, greenhouse gases, and any academic
vocabulary related to a specific phenomena

Formative Assessment:
e NDE Formative Assessment Task Repository

Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:
e https://sipsassessments.org/

Knowledge, Skills, and Abilities:
e |dentify the relevant components of the Earth’s systems being modeled in a given computational representation.
¢ Define the boundaries and initial conditions of the Earth system being modeled in a given computational representation.
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Identify the relationships that determine the interaction within Earth’s systems that are being modeled in a given computational
representation. (e.g., the relationship between atmospheric CO2 and production of photosynthetic biomass and ocean
acidification).

Analyze and describe the inputs and outputs of Earth’s systems in a given computational representation.

Use a given computational representation of Earth systems to illustrate and describe relationships among at least two of Earth’s
systems.

Use a given computational representation of Earth systems to illustrate and describe how the relevant components in each
individual Earth system can drive changes in another, interacting Earth system.

Use evidence from a computational representation to describe how human activity could affect the relationships between the
Earth’s systems being considered.
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