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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 meet 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: 

 
  

https://nematerialsmatter.org/
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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 Education1. 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 (CCC) 

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 into 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 DCIs. 

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 

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 
• Obtaining, Evaluating, and 

Communicating Information 

LS1:  From Molecules to Organisms:   
          Structures and Processes 
LS2:  Ecosystems: Interactions, Energy,  
          and Dynamics 
LS3:  Heredity: Inheritance and Variation of  
          Traits 
LS4:  Biological Evolution: Unity & Diversity 
PS1:  Matter and Its Interactions 
PS2:  Motion and Stability: Forces and  
          Interactions 
PS3:  Energy 
PS4:  Waves and Their Applications in  
          Technologies for Information Transfer 
ESS1: Earth’s Place in the Universe 
ESS2: Earth’s Systems 
ESS3: Earth and Human Activity 
ETS1: Engineering Design 

Patterns 

Cause and Effect  

Scale, Proportion, and Quantity 

Systems and System Models 

Energy and Matter 

Structure and Function 

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 

Nebraska Connections   

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.  

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).  

https://www.education.ne.gov/science/standards-and-supporting-documents/#1605295932218-b31707e6-e35e
https://www.education.ne.gov/contentareastandards/content-area-standards-implementation/
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 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. 

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
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Graduation Requirements 

The high school life science, physical science, and Earth and space science standards are intended 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). Introducing 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 introduction 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 DCIs 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 DCIs 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 (CCC) 

[Science and Engineering Practice Name]:  
• The science and engineering practice(s) found in the 

indicator written in the context of the content (DCI). 
• 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 Matrix.   

[Crosscutting Concept Name]:  
• The crosscutting concept(s) found in the indicator 

written in the context of the content (DCI). 
• 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. 

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

https://docs.google.com/document/d/1OP3Ix1nsXam74uU1cnCVRlr3tbkCc2hW2UaK5NVHMXI/edit
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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 into 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 
prior experiences and 
progresses to ... 

[SEP name] in 3–5 builds on K–2 
experiences and progresses to 
... 

[SEP name] in 6– 8 builds on K–5 
experiences and progresses 
to... 

[SEP name] in 9-12 builds on K–8 
experiences and progresses to 
college or career experiences. 

https://www.nextgenscience.org/resources/ngss-appendices
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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 teaching 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. 

Disciplinary Core Ideas (DCIs): [DCI code] [DCI 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, 6th-grade, 8th-grade, and chemistry. To clarify 
this, the provided table identifies the grade and standard for which the DCI is taught in each grade band. 
 

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

[CCC name] in K–2 builds on 
prior experiences and 
progresses to ... 

[CCC name] in 3–5 builds on K–
2 experiences and progresses 
to ... 

[CCC name] in 6– 8 builds on 
K–5 experiences and 
progresses to... 

[CCC name] in 9-12 builds on 
K–8 experiences and 
progresses to college or career 
experiences. 
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K-2 3-5 6-8 9-12 

[NGSS DCI code] in K–2 
builds on prior experiences 
and progresses to. 

[NGSS DCI code] in 3–5 
builds on K–2 experiences 
and progresses to ... 

[NGSS DCI code] in 6– 8 builds on 
K–5 experiences and knowledge 
and progresses to... 

[NGSS DCI code] in 9–12 builds on 
K–8 experiences and knowledge 
and progresses to... 

Connection to other grade level indicators 

This section helps teachers identify potential integration 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 DCIs 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 introduce 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 (DCIs): 
• Supporting discourse words will be listed here. 

Sentence stems that utilize 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 learning? 
• STEM Teaching Tool 41: Prompts for Integrating Crosscutting Concepts into Assessment and Instruction (Download the PDF for 

example prompts). 

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 website 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: 

https://stemteachingtools.org/brief/48
https://stemteachingtools.org/brief/41
https://sipsassessments.org/
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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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Physical Science Teacher’s Guide to the Nebraska CCR-Science Standards 

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

How can one explain the structure and properties of matter?  
Students are expected to develop understanding of the substructure of atoms and provide more mechanistic explanations of the 
properties of substances. Students are able to use the periodic table as a tool to explain and predict the properties of elements.  

How do substances combine or change (react) to make new substances? How does one characterize and explain these reactions and 
make predictions about them?”  
Students will be able to explain important biological and geophysical phenomena. Students are also able to apply an understanding 
of the process of optimization in engineering design to chemical reaction systems.  

How can one explain and predict interactions between objects and within systems of objects?  
Students are expected to build an understanding of forces and interactions, total momentum of a system of objects is conserved when 
there is no net force on the system and predict the gravitational and electrostatic forces between objects. Students are able to apply 
scientific and engineering ideas to design, evaluate, and refine a device that minimizes the force on a macroscopic object during a 
collision.  

How is energy transferred and conserved?  
Students are expected to develop an understanding that energy at both the macroscopic and the atomic scale can be accounted 
for as either motions of particles or energy associated with the configuration (relative positions) of particles. In some cases, the energy 
associated with the configuration of particles can be thought of as stored in fields.  

How are waves used to transfer energy and send and store information?  
Students are expected to apply understanding of how wave properties and the interactions of electromagnetic radiation with matter 
can transfer information across long distances, store information, and investigate nature on many scales 
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Physics Indicators 

Topic Code: SC.HS.1 Forces and Interactions 
Standard Code: SC.HS.1.1 Gather, analyze, and communicate evidence of forces and interactions.  

Uniform motion of an object is natural. Changes in motion are caused by a nonzero sum of forces. A “net force” causes an 
acceleration as predicted by Newton’s 2nd Law. Qualitative and quantitative analysis of position, velocity, and acceleration provide 
evidence of the effects of forces. Momentum is defined for a particular frame of reference; it is the product of the mass and the 
velocity of the object. In any system, total momentum is always conserved. If a system interacts with objects outside itself, the total 
momentum of the system can change; however, any such change is balanced by changes in the momentum of objects outside the 
system. The time over which these paired forces are exerted determines the impact force.  

Indicator Code: SC.HS.1.1.a 

Analyze data to support the claim that Newton's Second Law of Motion describes the mathematical relationship among the net force 
on a macroscopic object, its mass, and its acceleration. Examples of data could include tables or graphs of position or velocity as a 
function of time for objects subject to a net unbalanced force, such as a falling object, an object sliding down a ramp, or a moving 
object being pulled by a constant net force. Assessment is limited to one-dimensional motion and to macroscopic objects moving at 
non-relativistic speeds. 

NGSS Comparison: HS-PS2-1 

Other Indicators in this Standard 

SC.HS.1.1.b, SC.HS.1.1.c, SC.HS.1.1.d, SC.HS.1.1.e 

Concepts and Skills to Master 
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Foundation Boxes: 

Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 
Analyzing and Interpreting Data: 

Analyzing data in 9–12 builds on K–8 and progresses to 
introducing more detailed statistical analysis, the comparison of 
data sets for consistency, and the use of models to generate and 
analyze data. 

• 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.  

Connections to the nature of science 
Science Models, Laws, Mechanisms, and Theories Explain Natural 
Phenomena: 

• Theories and laws provide explanations in science.  
• Laws are statements or descriptions of the relationships 

among observable phenomena. 

Cause and Effect: 

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

 

 

Disciplinary Core Idea (DCI) 

PS2.A: Forces and Motion: 
• Newton’s second law accurately predicts changes in the motion of macroscopic objects. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• The Walking Table (Wonders of Science)  
• Bed of Nails (Wonders of Science) 
• Utah Core Guides 

https://www.nap.edu/read/13165/chapter/9#114
https://thewonderofscience.com/phenomenon/2018/4/30/the-walking-table
https://thewonderofscience.com/phenomenon/2018/7/9/a-bed-of-nails
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• A Flymo Hover Lawnmower cuts the lawn without touching the ground.  
• During a rocket launch into space, the rocket goes through a variety of changes in motion.  
• A baseball player sliding to the ground to come to a stop. 
• Two cars accelerate differently when a stop light turns green 
• Two objects of different masses fall with the same gravitational acceleration but produce different forces on a balance 

Evidence Statements 

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

HS.1.1.a  Analyze data to support the claim that Newton's Second Law of Motion describes the mathematical relationship among the 
net force on a macroscopic object, its mass, and its acceleration. 
1. Organizing data 

A. Students organize data that represent the net force on a macroscopic object, its mass (which is held constant), and its 
acceleration (e.g., via tables, graphs, charts, vector drawings). 

2. Identifying relationships 
A. Students use tools, technologies, and/or models to analyze the data and identify relationships within the datasets, 

including:  
• A more massive object experiencing the same net force as a less massive object has a smaller acceleration, and a 

larger net force on a given object produces a correspondingly larger acceleration; and 
• The result of gravitation is a constant acceleration on macroscopic objects as evidenced by the fact that the ratio of 

net force to mass remains constant. 
3. Interpreting data 

A. Students use the analyzed data as evidence to describe* that the relationship between the observed quantities is 
accurately modeled across the range of data by the formula a = Fnet/m (e.g., double force yields double acceleration, 
etc.).  

B. Students use the data as empirical evidence to distinguish between causal and correlational relationships linking force, 
mass, and acceleration. 

C. Students express the relationship Fnet=ma in terms of causality, namely that a net force on an object causes the object to 
accelerate. 

Critical Background Knowledge 
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Grade Band Progressions:  

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 to... 

Record information 
(observations, thoughts, 
and ideas).  

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

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.  

Analyze and interpret 
data to make sense of 
phenomena, using logical 
reasoning, mathematics, 
and/or computation. 

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 sets 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 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): Cause and Effect 
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K-2 3-5 6-8 9-12 

Cause and Effect in K–2 
builds on prior 
experiences and 
progresses to... 

Students learn that 
events have causes 
that generate 
observable patterns.  

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

Students routinely identify and 
test causal relationships and 
use these relationships to 
explain change. 

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

Students classify relationships as 
causal or correlational and 
recognize that 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 (DCIs): PS2.A: Forces and Motion 

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

PS2.A in K–2 builds on 
prior experiences and 
progresses to... 

Pushes and pulls can 
have different strengths 
and directions and can 
change the speed or 
direction of its motion or 
start or stop it. 

PS2.A in 3–5 builds on K–2 experiences and 
progresses to... 

The effect of unbalanced forces on an object 
results in a change of motion. Patterns of motion 
can be used to predict future motion. Some forces 
act through contact, some forces act even when 
the objects are not in contact. The gravitational 
force of Earth acting on an object near Earth’s 
surface pulls that object toward the planet’s 
center. 

PS2.A in 6-8 builds on K–
5 experiences and 
knowledge and 
progresses to... 

The role of the mass of 
an object must be 
qualitatively accounted 
for in any change of 
motion due to the 
application of a force. 

PS2.A in 9–12 builds on K–
8 experiences and 
knowledge and 
progresses to... 

Newton’s 2nd law (F=ma) 
and the conservation of 
momentum can be used 
to predict changes in the 
motion of macroscopic 
objects. 

 

https://www.nap.edu/read/13165/chapter/9#114
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Related Cross-Curricular Standards: Current Grade Level  

ELA Connections: 
• LA.10.SL.2.c: Analyze the purpose of information being presented, evaluate its motives (e.g., social, commercial, political), and 

determine its credibility. 

Mathematics Connections: 
• MA.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 plots, stem plots, box plots, cumulative relative frequency graphs, time plots, circle 
graphs, stacked bar graphs, and mosaic bar graphs by hand or with technology. 

• MA.HS.D.2.b Describe the shape, identify any outliers, and determine the spread of a data set.  
• MA.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.  
• MA.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.  
• MA.HS.D.2.e Summarize categorical data for two categories in two-way frequency tables. Interpret relative frequencies in the 

context of the data and recognize possible associations and trends in the data.  
• MA.HS.D.2.f Represent data on two quantitative variables on a scatter plot and describe how the variables are related.  
• MA.HS.D.2.g Use technology to develop regression models for linear and non-linear data to predict unobserved outcomes. 

Interpret slope and y-intercept in the context of the problem.  
• MA.HS.D.2.h Measure the strength of association using correlation coefficients for regression curves and interpret their meanings 

for the model.  
• MA.HS.D.2.i Use residuals and residual plots to judge the quality of a regression model.  
• MA.HS.D.2.j Recognize and explain when arguments based on data confuse correlation with causation.  
• MA.HS.D.2.k Understand what constitutes statistical significance. Interpret statistical significance in the context of a situation and 

answer investigative questions appropriately.  
• MA.HS.D.2.l Use probability as a tool for assessing risk and for informed decision making by interpreting P-values. 

Connection To Other Grade Level Indicators 

Authentic Connections to Other Content Standards: 
• High School Domains Model Course II 

• Physics Bundle 2: SC.HS.1.1.a, SC.HS.1.1.b, SC.HS.1.1.c, SC.4.4.d, SC.HS.11.1.b, SC.HS.11.1.d, SC.HS.15.5.e 
• OpenSciEd Standards Alignment 

https://www.nextgenscience.org/sites/default/files/HS%20Modified%20Domains%20Physics%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/
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• P.2 Energy, Forces and Earth’s Crust: SC.HS.1.1.a, SC.HS.3.3c, SC.HS.13.3b, SC.HS.14.4a, SC.HS.14.4c  
• P.3 Collisions & Momentum: SC.HS.1.1a, SC.HS.1.1b, SC.HS.1.1c, SC.HS.15.5.e 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Newton’s Second Law of Motion, velocity, acceleration, mass, net force, balanced forces, unbalanced forces, friction, air 

resistance, vectors, slope, y-intercept, macroscopic, non-relativistic speeds mass, acceleration, net force, velocity 

Assessment Considerations 

Formative Assessment 
• Formative Task Repository 
• Utah  

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

Knowledge, Skills, and Abilities: 
• KSA1: Students will gather data about force, mass, and/or acceleration. 
• KSA2: Students will organize data about force, mass, and/or acceleration using graphs, charts, tables, drawings, etc. 
• KSA3: Students will analyze data to identify cause and effect relationships between force, mass, and/or acceleration. 
• KSA4: Students use tools, technologies, and/or models to determine that a more massive object experiencing the same net 

force as a less massive object has a smaller acceleration, and a larger net force on a given object produces a correspondingly 
larger acceleration 

• KSA5: Students use tools, technologies, and/or models to determine that the result of gravitation is a constant acceleration on 
macroscopic objects as evidenced by the fact that the ratio of net force to mass remains constant 

• KSA6: Students will use the model a = Fnet/m to predict how changing one variable will affect the resultant force experienced by 
the object. 

• KSA7: Students use the data as empirical evidence to distinguish between causal and correlational relationships linking force, 
mass, and acceleration. 

• KSA8: Students will use the model Fnet = ma to show that a change in the net force on an object causes an acceleration. 

https://www.education.ne.gov/assessment/nscas-science/
https://sipsassessments.org/
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Standard Code: SC.HS.1.1 Gather, analyze, and communicate evidence of forces and interactions. 

Uniform motion of an object is natural. Changes in motion are caused by a nonzero sum of forces. A “net force” causes an 
acceleration as predicted by Newton’s 2nd Law. Qualitative and quantitative analysis of position, velocity, and acceleration provide 
evidence of the effects of forces. Momentum is defined for a particular frame of reference; it is the product of the mass and the 
velocity of the object. In any system, total momentum is always conserved. If a system interacts with objects outside itself, the total 
momentum of the system can change; however, any such change is balanced by changes in the momentum of objects outside the 
system. The time over which these paired forces are exerted determines the impact force. 

Indicator Code: SC.HS.1.1.b 

Use mathematical representations to support the claim that the total momentum of a system of objects is conserved when there is no 
net force on the system. Emphasis is on the quantitative conservation of momentum in interactions and the qualitative meaning of this 
principle. Assessment is limited to systems of two macroscopic bodies moving in one dimension. 

NGSS Comparison: HS-PS2-2 

Other Indicators in this Standard 

SC.HS.1.1.a, SC.HS.1.1.c, SC.HS.1.1.d, SC.HS.1.1.e 

Concepts and Skills to Master 

Foundation Boxes: 

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

Using Mathematics and Computational Thinking: 

Mathematical and computational thinking at the 9–12 level 
builds on K–8 and progresses to using algebraic thinking and 
analysis, a range of linear and nonlinear functions including 
trigonometric functions, exponentials and logarithms, and 

Systems and System Models: 
• When investigating or describing a system, the boundaries 

and initial conditions of the system need to be defined.  
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 
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. 

• Use mathematical representations of phenomena to 
describe explanations. 

 

Disciplinary Core Idea (DCI) 

PS2.A: Forces and Motion: 
• Momentum is defined for a particular frame of reference; it is the mass times the velocity of the object. 
• If a system interacts with objects outside itself, the total momentum of the system can change; however, any such change is 

balanced by changes in the momentum of objects outside the system. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Magic Cannon (The Wonders of Science) 
• Rube Goldberg (The Wonders of Science)  
• Giant Newton’s Cradle (The Wonders of Science) 
• Utah: 

• When a wave at the beach hits me, it can knock me off my feet, but a gust of wind moving at the same speed does 
not cause me to move. 

• Catching a ball in a glove while on a frictionless rolling cart. 
• A bullet being lodged in a block or going through a block. 
• Rocket propellant accelerating a rocket upwards. 
• Ice skaters at rest pushing each other away and start moving in opposite directions 
• Two ice skaters moving together, and one propels the other forward at a greater speed 

Evidence Statements 

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

https://www.nap.edu/read/13165/chapter/9#114
https://thewonderofscience.com/phenomenon/2017/10/8/ps2-motion-and-stability-forces-and-interactions
https://thewonderofscience.com/phenomenon/2018/7/8/amazing-rube-goldberg-machines
https://thewonderofscience.com/phenomenon/2018/4/30/giant-newtons-cradle
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HS.1.1.b  Use mathematical representations to support the claim that the total momentum of a system of objects is conserved when 
there is no net force on the system. 
1. Representation 

A. Students clearly define the system of the two interacting objects that is represented mathematically, including 
boundaries and initial conditions. 

B. Students identify and describe* the momentum of each object in the system as the product of its mass and its velocity, p 
= mv (p and v are restricted to one-dimensional vectors), using the mathematical representations. 

C. Students identify the claim, indicating that the total momentum of a system of two interacting objects is constant if there 
is no net force on the system. 

2. Mathematical modeling 
A. Students use the mathematical representations to model and describe* the physical interaction of the two objects in 

terms of the change in the momentum of each object as a result of the interaction. 
B. Students use the mathematical representations to model and describe* the total momentum of the system by calculating 

the vector sum of momenta of the two objects in the system. 
3. Analysis 

A. Students use the analysis of the motion of the objects before the interaction to identify a system with essentially no net 
force on it. 

B. Based on the analysis of the total momentum of the system, students support the claim that the momentum of the system 
is the same before and after the interaction between the objects in the system, so that momentum of the system is 
constant. 

C. Students identify that the analysis of the momentum of each object in the system indicates that any change in 
momentum of one object is balanced by a change in the momentum of the other object, so that the total momentum is 
constant. 

Critical Background Knowledge 

Grade Band Progressions 

Science and Engineering Practices (SEPs): Using Mathematics and Computational Thinking 
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K-2 3-5 6-8 9-12 

Using Mathematics and 
Computational Thinking  in K–2 
builds on prior experiences and 
progresses to... 

Decide when to use qualitative vs. 
quantitative data.  

Use counting and numbers to 
identify and describe patterns in 
the natural and designed world(s). 

Using Mathematics and 
Computational Thinking 
in 3–5 builds on K–2 
experiences and 
progresses to... 

Organize simple data sets 
to reveal patterns that 
suggest relationships. 

Using Mathematics and 
Computational Thinking. in 6-
8 builds on K–5 experiences 
and progresses to... 

Use mathematical 
representations to describe 
and/or support scientific 
conclusions and design 
solutions. 

Using Mathematics and 
Computational Thinking in 9-12 
builds on K–8 experiences and 
progresses to college or career 
experiences. 

Use mathematical, computational, 
and/or algorithmic representations 
of phenomena or design solutions to 
describe and/or support claims 
and/or 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... 

Students understand objects 
and organisms can be 
described in terms of their 
parts; and 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 to... 

Students understand that a system is 
a group of related parts that make up 
a whole and can carry out functions 
its individual parts cannot. They can 
also describe a system in terms of its 
components and their interactions. 

Systems and System 
Models in 6–8 builds on K–
5 experiences and 
progresses to... 

Students can understand 
that systems may interact 
with other systems. 

They can use models to 
represent systems and 
their interactions—such as 
inputs, processes and 

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

outputs—and energy, 
matter, and information 
flows within systems. 

Disciplinary Core Ideas (DCIs): PS2.A: Forces and Motion 

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

PS2.A in K–2 builds 
on prior experiences 
and progresses to... 

Pushes and pulls can 
have different 
strengths and 
directions, and can 
change the speed 
or direction of its 
motion or start or 
stop it 

PS2.A in 3–5 builds on K–2 experiences 
and progresses to... 

The effect of unbalanced forces on an 
object results in a change of motion. 
Patterns of motion can be used to predict 
future motion. Some forces act through 
contact, some forces act even when the 
objects are not in contact. The 
gravitational force of Earth acting on an 
object near Earth’s surface pulls that 
object toward the planet’s center 

PS2.A in 6-8 builds on K–
5 experiences and 
knowledge and 
progresses to... 

Forces that act at a 
distance involve fields 
that can be mapped 
by their relative strength 
and effect on an 
object. 

PS2.A in 9–12 builds on K–8 experiences 
and knowledge and progresses to... 

Forces at a distance are explained by 
fields that can transfer energy and can 
be described in terms of the 
arrangement and properties of the 
interacting objects and the distance 
between them. These forces can be 
used to describe the relationship 
between electrical and magnetic fields 

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA.10.V.1 Integrate grade-level academic vocabulary appropriately for a variety of tasks and purposes. 
• LA.10.W.2 Use a recursive writing process to develop, strengthen, and produce writing appropriate to the audience, purpose, 

and discipline. 
• 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. 

https://www.nap.edu/read/13165/chapter/9#114


  SC.HS.1.1.b 32  

Mathematics Connections: 
• MA.HS.D.1.a Formulate multi-variable statistical investigative questions and determine how data can be collected and analyzed 

to provide an answer. 
• MA.HS.D.1.b Apply an appropriate data collection plan when collecting primary data for the statistical investigative question of 

interest. 
• MA.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. 
•  MA.HS.D.1.e Understand what constitutes good practice in designing a sample survey, an experiment, and an observational 

study 
• MA.HS.D.1.f Understand issues of bias and confounding variables in a study and their implications for interpretation 

Connection To Other Grade Level Indicators  

Authentic Connections to Other Content Standards: 
• High School Domains Model Course II  

• Physics Bundle 3: SC.HS.4.4.a, SC.HS.4.4.c, SC.HS.4.4.e, SC.HS.5.5.e, SC.HS.12.2.b, SC.HS.13.3.a, SC.HS.13.3.b, SC.HS.13.3.d, 
SC.HS.14.4.c 

• OpenSciEd Standards Alignment 
• P.3 Collisions & Momentum: SC.HS.1.1a, SC.HS.1.1b, SC.HS.1.1c, SC.HS.15.5.e 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Mass, force, net force, velocity, momentum, Law of Conservation of Momentum, system, boundaries, conditions, friction, 

conservation, transfer, frame of reference, acceleration, internal, external, conversion, closed system, collision, vector, elastic 
collision, inelastic collision 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository 
• Utah 

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

https://www.nextgenscience.org/sites/default/files/HS%20Modified%20Domains%20Physics%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/
https://www.education.ne.gov/assessment/nscas-science/
https://docs.google.com/document/d/1SA9IBUS4_nb_B_8_1yD6kQ1aja1lT--qv47qg1sSzvA/edit?usp=sharing
https://sipsassessments.org/
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Knowledge, Skills, and Abilities: 
• KSA 1: Identify the parts of a system including boundaries and conditions and determine which parts are essential for 

investigating momentum. 
• KSA 2: Understand that momentum is the product of mass and velocity (p = mv) and apply this to one-dimensional vectors. 
• KSA 3: Construct claims about the total momentum of a system when there is no net force acting on it. 
• KSA 4: Use mathematical representations to describe the momentum of each object within a defined system. 
• KSA 5: Calculate the total momentum of a system. 
• KSA 6: Use mathematical models to describe changes in momentum resulting from interactions between objects. 
• KSA 7: Analyze the motion of objects before and after interaction to determine the net force acting on the system. 
• KSA 8: Support the claim that total momentum is conserved by analyzing and interpreting mathematical representations of 

momentum. 
• KSA 9: Identify how any change in momentum of one object is balanced by a change in momentum of the other object. 
• KSA 10: Explain how the total momentum remains constant. 
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Standard Code: SC.HS.1.1 Gather, analyze, and communicate evidence of forces and interactions.  

Uniform motion of an object is natural. Changes in motion are caused by a nonzero sum of forces. A “net force” causes an 
acceleration as predicted by Newton’s 2nd Law. Qualitative and quantitative analysis of position, velocity, and acceleration provide 
evidence of the effects of forces. Momentum is defined for a particular frame of reference; it is the product of the mass and the 
velocity of the object. In any system, total momentum is always conserved. If a system interacts with objects outside itself, the total 
momentum of the system can change; however, any such change is balanced by changes in the momentum of objects outside the 
system. The time over which these paired forces are exerted determines the impact force. 

Indicator Code: SC.HS.1.1.c 

Apply science and engineering ideas to design, evaluate, and refine a device that minimizes the force on a macroscopic object 
during a collision. Examples of evaluation and refinement could include determining the success of the device at protecting an object 
from damage and modifying the design to improve it. Examples of a device could include a football helmet or a parachute. 
Assessment is limited to qualitative evaluations and/or algebraic manipulations. 

NGSS Comparison: HS-PS2-3 

Other Indicators in this Standard 

SC.HS.1.1.a, SC.HS.1.1.b, SC.HS.1.1.d, SC.HS.1.1.e 

Concepts and Skills to Master 

Foundation Boxes: 

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

Constructing Explanations and Designing Solutions: 

Constructing explanations and designing solutions in 9–12 builds 
on K–8 experiences and progresses to explanations and designs 
that are supported by multiple and independent student-

Cause and Effect: 
• Systems can be designed to cause a desired effect. 
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 
generated sources of evidence consistent with scientific ideas, 
principles, and theories.  

• Apply scientific ideas to solve a design problem, taking 
into account possible unanticipated effects. 

 

 

Disciplinary Core Idea (DCI) 

PS2.A: Forces and Motion: 
• If a system interacts with objects outside itself, the total momentum of the system can change; however, any such change is 

balanced by changes in the momentum of objects outside the system. 

ETS1.A: Defining and Delimiting Engineering Problems: 

• Criteria and constraints also include satisfying any requirements set by society, such as taking issues of risk mitigation into 
account, and they should be quantified to the extent possible and stated in such a way that one can tell if a given design 
meets them. (secondary to HS.1.1.C) 

ETS1.C: Optimizing the Design Solution: 
• Criteria may need to be broken down into simpler ones that can be approached systematically, and decisions about the 

priority of certain criteria over others (trade-offs) may be needed. (secondary to HS.1.1.C) 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Slow Motion Golf Ball Collision (The Wonders of Science)  
• Why Don't Woodpeckers Get Concussions? (The Wonders of Science) 
• Landing a space vehicle on the International Space Station 
• Parents want to redesign a car seat for children to be comfortable and safe. 
• Phone cases meet certain requirements to protect them in a fall. 
• Contents inside packages are regularly damaged enroute to their destination. 
• A company wants to test current designs to determine the optimal design for collision safety. 
• Air-dropped packages are experiencing greater damage due to inclement weather. 
• A company wants to find the best material to use as bumpers for golf carts. 

https://www.nap.edu/read/13165/chapter/9#114
https://www.nap.edu/read/13165/chapter/12#204
https://www.nap.edu/read/13165/chapter/12#208
https://thewonderofscience.com/phenomenon/2018/7/8/slow-motion-golf-ball-collision
https://thewonderofscience.com/phenomenon/2018/7/8/slow-motion-golf-ball-collision
https://thewonderofscience.com/phenomenon/2018/4/30/why-dont-woodpeckers-get-concussions
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Evidence Statements 

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

HS.1.1.c  Apply science and engineering ideas to design, evaluate, and refine a device that minimizes the force on a macroscopic 
object during a collision. 
1. Using scientific knowledge to generate the design solution 

A. Students design a device that minimizes the force on a macroscopic object during a collision. In the design, students: 
• Incorporate the concept that for a given change in momentum, force in the direction of the change in momentum is 

decreased by increasing the time interval of the collision (FΔt = mΔv); and 
• Explicitly make use of the principle above so that the device has the desired effect of reducing the net force applied 

to the object by extending the time the force is applied to the object during the collision. 
B. In the design plan, students describe* the scientific rationale for their choice of materials and for the structure of the 

device. 
2. Describing criteria and constraints, including quantification when appropriate 

A. Students describe* and quantify (when appropriate) the criteria and constraints, along with the tradeoffs implicit in these 
design solutions. Examples of constraints to be considered are cost, mass, the maximum force applied to the object, and 
requirements set by society for widely used collision-mitigation devices (e.g., seat belts, football helmets). 

3. Evaluating potential solutions 
A. Students systematically evaluate the proposed device design or design solution, including describing* the rationales for 

the design and comparing the design to the list of criteria and constraints.  
B. Students test and evaluate the device based on its ability to minimize the force on the test object during a collision. 

Students identify any unanticipated effects or design performance issues that the device exhibits. 
4. Refining and/or optimizing the design solution 

A. Students use the test results to improve the device performance by extending the impact time, reducing the device 
mass, and/or considering cost-benefit analysis. 

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 
and Designing Solutions in 
K–2 builds on prior 
experiences and 
progresses to... 

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

Use tools and/or materials 
to design and/or build a 
device that solves a 
specific problem or a 
solution to a specific 
problem. 

Constructing Explanations 
and Designing Solutions 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 back yard). 

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

Constructing Explanations 
and Designing Solutions in 6-8 
builds on K–5 experiences 
and progresses to... 

Construct an explanation 
using models or 
representations. 

Apply scientific ideas, 
principles, and/or evidence 
to construct, revise and/or 
use an explanation for real 
world phenomena, examples, 
or events.  

Apply scientific reasoning to 
show why the data or 
evidence is adequate for the 
explanation or conclusion. 

Constructing Explanations and Designing 
Solutions 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.  

Apply scientific reasoning, theory, and/or 
models to link evidence to the 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 

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

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

Cause and Effect in 9-12 builds on K–8 
experiences and progresses to college or 
career experiences. 
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K-2 3-5 6-8 9-12 

progresses to... 

Students learn that 
events have causes 
that generate 
observable patterns. 
They design simple 
tests to gather 
evidence to support 
or refute their own 
ideas about causes. 
 

Students routinely identify 
and test causal 
relationships and use 
these relationships to 
explain change. They 
understand events that 
occur together with 
regularity might or might 
not signify a cause-and-
effect relationship. 

Students classify relationships as 
causal or correlational and 
recognize that correlation does 
not necessarily imply causation. 
They use cause and effect 
relationships to predict 
phenomena in natural or 
designed systems. They also 
understand that phenomena may 
have more than one cause, and 
some cause-and-effect 
relationships in systems can only 
be described using probability 

Students understand that empirical 
evidence is required to differentiate 
between cause and correlation and to 
make claims about specific causes and 
effects. They suggest cause and effect 
relationships to explain and predict 
behaviors in complex natural and designed 
systems. They also propose causal 
relationships by examining what is known 
about smaller scale mechanisms within the 
system. They recognize changes in systems 
may have various causes that may not 
have equal effects. 

Disciplinary Core Ideas (DCIs): PS2.A: Forces and Motion, ETS1.A: Defining and Delimiting Engineering Problems, ETS1.C: 
Optimizing the Design Solution 

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

PS2.A in K–2 builds on prior 
experiences and 
progresses to... 

Pushes and pulls can have 
different strengths and 
directions and can 
change the speed or 
direction of its motion or 

PS2.A in 3–5 builds on K–2 
experiences and progresses to... 

The effect of unbalanced forces on 
an object results in a change of 
motion. Patterns of motion can be 
used to predict future motion. Some 
forces act through contact, some 
forces act even when the objects 
are not in contact. The gravitational 

PS2.A in 6-8 builds on K–5 
experiences and knowledge and 
progresses to... 

The role of the mass of an object 
must be qualitatively accounted 
for in any change of motion due 
to the application of a force. 

ETS1.A in 6-8 builds on K–5 

PS2.A in 9–12 builds on K–8 
experiences and knowledge 
and progresses to... 

Newton’s 2nd law (F=ma) 
and the conservation of 
momentum can be used to 
predict changes in the 
motion of macroscopic 

https://www.nap.edu/read/13165/chapter/9#114
https://www.nap.edu/read/13165/chapter/12#204
https://www.nap.edu/read/13165/chapter/12#208
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K-2 3-5 6-8 9-12 

start or stop it. 

ETS1.A in K–2 builds on 
prior experiences and 
progresses to... 

Asking questions, making 
observations, and 
gathering information are 
helpful in thinking about 
problems. 

ETS1.C in K–2 builds on 
prior experiences and 
progresses to... 

Because there is always 
more than one possible 
solution to a problem, it is 
useful to compare and 
test designs. 
 

force of Earth acting on an object 
near Earth’s surface pulls that 
object toward the planet’s center. 

ETS1.A in 3–5 builds on K–2 
experiences and progresses to... 

Possible solutions to a problem are 
limited by available materials and 
resources (constraints). The success 
of a designed solution is 
determined by considering the 
desired features of a solution 
(criteria). Different proposals for 
solutions can be compared on the 
basis of how well each one meets 
the specified criteria for success or 
how well each takes the constraints 
into account.  

ETS.1.C in 3–5 builds on K–2 
experiences and progresses to... 

Different solutions need to be 
tested in order to determine which 
of them best solves the problem, 
given the criteria and the 
constraints. 

 
 

experiences and knowledge and 
progresses to... 

The more precisely a design task’s 
criteria and constraints can be 
defined, the more likely it is that 
the designed solution will be 
successful. Specification of 
constraints includes consideration 
of scientific principles and other 
relevant knowledge that is likely to 
limit possible solutions. 

ETS1.C in 6-8 builds on K–5 
experiences and knowledge and 
progresses to... 

Although one design may not 
perform the best across all tests, 
identifying the characteristics of 
the design that performed the 
best in each test can provide 
useful information for the redesign 
process—that is, some of the 
characteristics may be 
incorporated into the new design. 
 

objects. 

ETS1.A in 9–12 builds on K–8 
experiences and knowledge 
and progresses to... 

Criteria and constraints also 
include satisfying any 
requirements set by society, 
such as taking issues of risk 
mitigation into account, and 
they should be quantified to 
the extent possible and 
stated in such a way that one 
can tell if a given design 
meets them. 

ETS1.C in 9–12 builds on K–8 
experiences and knowledge 
and progresses to... 

Criteria may need to be 
broken down into simpler 
ones that can be 
approached systematically, 
and decisions about the 
priority of certain criteria over 
others (trade-offs) may be 
needed. 
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Related Cross-Curricular Standards: Current Grade Level  

ELA Connections: 
• LA.10.V.1 Integrate grade-level academic vocabulary appropriately for a variety of tasks and purposes. 
• 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. 
• LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the 

research question(s). 
• LA.10.SL.1 Initiate and participate in structured discussions and collaborations about grade-level topics and texts. 
• 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. 

Mathematics Connections: 
• HS.G.3 Coordinate Geometry and Transformations: Students will demonstrate and represent location, orientation, and 

relationships on the coordinate plane.  
• HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and 

interpret results in context. 
• HS.A.1 Algebraic Relationships: Students will demonstrate and represent relationships with functions. 
• HS.A.3 Applications: Students will solve authentic problems using nonlinear functions. 
• HS.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and 

organize data. 
• HS.D.2 Analyze Data and Interpret Results: Students will represent and analyze the data and interpret the results. 

Connection To Other Grade Level Indicators 

Authentic Connections to Other Content Standards: 
• High School Domains Model Course II 

• Physics Bundle 2: SC.HS.1.1.a, SC.HS.1.1.b, SC.HS.1.1.c, SC.4.4.d, SC.HS.11.1.b, SC.HS.11.1.d, SC.HS.15.5.e 
• OpenSciEd Standards Alignment 

• P.3 Collisions & Momentum: SC.HS.1.1a, SC.HS.1.1b, SC.HS.1.1c, SC.HS.15.5.e 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Momentum, mass, velocity, interactions, conservation of momentum, force, safety, risk, collision, macroscopic, exert, 

https://www.nextgenscience.org/sites/default/files/HS%20Modified%20Domains%20Physics%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/
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acceleration, impact, inertia, Newton’s First Law, Newton’s Second Law, Newton’s Third Law, testable, consequence, 
development, limitation, impact, qualitative, criteria, theoretical model, optimal, constraint, impulse 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository 
• Utah 

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

Knowledge, Skills, and Abilities: 
• KSA 1: Describe the relationship between force, time, and change in momentum and explain the effects of increasing the time 

interval of a collision. 
• KSA 2: Select materials that can effectively minimize force during a collision.  
• KSA 3: Design a device that incorporates scientific principles to minimize the force on a macroscopic object during a collision. 
• KSA 4: Use the relationships between force, time and change in momentum to justify choices about materials and structure of 

the designed device. 
• KSA 5: Identify and quantify the criteria and constraints, including trade-offs, for designing collision-mitigation devices. 
• KSA 6: Evaluate proposed design solutions, comparing them against established criteria and constraints, based on relationships 

between force, time, and change in momentum. 
• KSA 7: Test and evaluate a device's effectiveness, based on relationships between force, time, and change in momentum. 
• KSA 8: Identify any performance issues or unanticipated effects to improve device performance, considering factors such as 

impact time extension, mass reduction, and cost-benefit analysis. 

https://www.education.ne.gov/assessment/nscas-science/
https://docs.google.com/document/d/1cAjUNHtua9GQAG5a4_xu_QSAZigRE1T4uZyfG5FyQuc/edit?usp=sharing
https://sipsassessments.org/
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Standard Code: SC.HS.1.1 Gather, analyze, and communicate evidence of forces and interactions.  

Uniform motion of an object is natural. Changes in motion are caused by a nonzero sum of forces. A “net force” causes an 
acceleration as predicted by Newton’s 2nd Law. Qualitative and quantitative analysis of position, velocity, and acceleration provide 
evidence of the effects of forces. Momentum is defined for a particular frame of reference; it is the product of the mass and the 
velocity of the object. In any system, total momentum is always conserved. If a system interacts with objects outside itself, the total 
momentum of the system can change; however, any such change is balanced by changes in the momentum of objects outside the 
system. The time over which these paired forces are exerted determines the impact force. 

Indicator Code: SC.HS.1.1.d 

Use mathematical representations of Newton's Law of Gravitation and Coulomb's Law to describe and predict the gravitational and 
electrostatic forces between objects. Emphasis is on both quantitative and conceptual descriptions of gravitational and electric fields. 
Gravity and magnetism do not need to be taught together at the same time. Assessment is limited to systems with two objects. 

NGSS Comparison: HS-PS2-4 

Other Indicators in this Standard 

SC.HS.1.1.a, SC.HS.1.1.b, SC.HS.1.1.c, SC.HS.1.1.e 

Concepts and Skills to Master 

Foundation Boxes: 

Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 
Using Mathematics and Computational Thinking: 

Mathematical and computational thinking at the 9–12 level 
builds on K–8 and progresses to using algebraic thinking and 
analysis, a range of linear and nonlinear functions including 
trigonometric functions, exponentials and logarithms, and 

Patterns: 
• 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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Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 
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. 

• Use mathematical representations of phenomena to 
describe explanations.  

Connections to the nature of science 
Science Models, Laws, Mechanisms, and Theories Explain Natural 
Phenomena: 

• Theories and laws provide explanations in science.  
• Laws are statements or descriptions of the relationships 

among observable phenomena. 

 

 

Disciplinary Core Idea (DCI) 
PS2.B: Types of Interactions: 

• Newton’s law of universal gravitation and Coulomb’s law provide the mathematical models to describe and predict the 
effects of gravitational and electrostatic forces between distant objects. 

• Forces at a distance are explained by fields (gravitational, electric, and magnetic) permeating space that can transfer 
energy through space. Magnets or electric currents cause magnetic fields; electric charges or changing magnetic fields 
cause electric fields. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Protecting the Earth from Killer Asteroids 
• Weighing the World  
• A picture of a bouncing basketball produced by a strobe light as the ball gets less height out of each bounce. 
• Placing a rolling object at various heights on a ramp and observing how far it rolls after leaving the ramp. 
• More massive objects rolling down a ramp go farther than less massive objects. 
• A chemical reaction of vinegar and baking soda is used to expand a piston or produce thrust for a toy car. 
• A mechanically driven generator can produce light from a light bulb. 
• Stretching a spring or elastic band can be used to lift objects or launch a projectile 

https://www.nap.edu/read/13165/chapter/9#116
https://thewonderofscience.com/phenomenon/2018/7/8/slow-motion-golf-ball-collision
https://thewonderofscience.com/phenomenon/2018/7/8/weighing-the-world
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Evidence Statements 

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

HS.1.1.d  Use mathematical representations of Newton's Law of Gravitation and Coulomb's Law to describe and predict the 
gravitational and electrostatic forces between objects. 
1. Representation 

A. Students clearly define the system of interacting objects that is mathematically represented. 
B. Using the given mathematical representations, students identify and describe* the gravitational attraction between two 

objects as the product of their masses divided by the separation distance squared (F_g=-G (m_1 m_2)/d^2 ),                               
where a negative force is understood to be attractive. 

C. Using the given mathematical representations, students identify and describe* the electrostatic force between two 
objects as the product of their individual charges divided by the separation distance squared (F_e=k (q_1 q_2)/d^2 ), 
where a negative force is understood to be attractive. 

2. Mathematical modeling 
A. Students correctly use the given mathematical formulas to predict the gravitational force between objects or predict the 

electrostatic force between charged objects. 
3. Analysis 

A. Based on the given mathematical models, students describe* that the ratio between gravitational and electric forces 
between objects with a given charge and mass is a pattern that is independent of distance.  

B. Students describe* that the mathematical representation of the gravitational field (F_g=-G (m_1 m_2)/d^2 )  only predicts 
an attractive force because mass is always positive.  

C. Students describe* that the mathematical representation of the electric field (F_e=k (q_1 q_2)/d^2 )                            
predicts both attraction and repulsion because electric charge can be either positive or negative. 

D. Students use the given formulas for the forces as evidence to describe* that the change in the energy of objects 
interacting through electric or gravitational forces depends on the distance between the objects. 

Critical Background Knowledge 

Grade Band Progressions:  

Science and Engineering Practices (SEPs): Using Mathematics and Computational Thinking 
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K-2 3-5 6-8 9-12 

Using Mathematics and 
Computational Thinking in K–
2 builds on prior experiences 
and progresses to... 

Use counting and numbers 
to identify and describe 
patterns in the natural and 
designed world(s). 

Using Mathematics and 
Computational Thinking in 3–
5 builds on K–2 experiences 
and progresses to... 

Organize simple data sets to 
reveal patterns that suggest 
relationships. 

Using Mathematics and 
Computational Thinking in 6-
8 builds on K–5 experiences 
and progresses to... 

Use mathematical 
representations to describe 
and/or support scientific 
conclusions and design 
solutions. 

Using Mathematics and Computational 
Thinking in 9-12 builds on K–8 
experiences and progresses to college 
or career experiences. 

Use mathematical, computational, 
and/or algorithmic representations of 
phenomena or design solutions to 
describe and/or support claims and/or 
explanations. 

Crosscutting Concepts (CCCs): Patterns 

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

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

Students recognize 
that 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... 

Students identify similarities 
and differences in order to sort 
and classify natural objects 
and designed products. They 
identify patterns related to 
time, including simple rates of 
change and cycles, and to 
use these patterns to make 
predictions. 

Patterns in 6-8 builds on K–5 
experiences and progresses to... 

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

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

Students observe patterns in systems at 
different scales and cite patterns as 
empirical evidence for causality in 
supporting their explanations of 
phenomena. They recognize classifications 
or explanations used at one scale may not 
be useful or need revision using a different 
scale; thus, requiring improved 
investigations and experiments. They use 
mathematical representations to identify 
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K-2 3-5 6-8 9-12 

relationships and use graphs 
and charts to identify patterns in 
data. 

certain patterns and analyze patterns of 
performance in order to reengineer and 
improve a designed system. 

Disciplinary Core Ideas (DCIs): PS2.B: Types of Interactions 

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

PS2.B in K–2 builds on 
prior experiences and 
progresses to... 

Pushes and pulls can 
have different 
strengths and 
directions and can 
change the speed or 
direction of its motion 
or start or stop it. 

PS2.B in 3–5 builds on K–2 experiences and 
progresses to... 

The effect of unbalanced forces on an 
object results in a change of motion. 
Patterns of motion can be used to predict 
future motion. Some forces act through 
contact, some forces act even when the 
objects are not in contact. The gravitational 
force of Earth acting on an object near 
Earth’s surface pulls that object toward the 
planet’s center 

PS2.B in 6-8 builds on 
K–5 experiences 
and knowledge and 
progresses to... 

Forces that act at a 
distance involve 
fields that can be 
mapped by their 
relative strength and 
effect on an object. 

PS2.B in 9–12 builds on K–8 experiences 
and knowledge and progresses to... 

Forces at a distance are explained by 
fields that can transfer energy and can 
be described in terms of the 
arrangement and properties of the 
interacting objects and the distance 
between them. These forces can be 
used to describe the relationship 
between electrical and magnetic 
fields. 

Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA.10.RI.1 Analyze the development of two or more implied or explicit central ideas over the course of an informational text or 

texts. 
• A.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. 
• LA.10.V.1 Integrate grade-level academic vocabulary appropriately for a variety of tasks and purposes. 

https://www.nap.edu/read/13165/chapter/9#116


  SC.HS.1.1.d 47  

• LA.10.W.2 Use a recursive writing process to develop, strengthen, and produce writing appropriate to the audience, purpose, 
and discipline. 

• 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. 

• 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. 

Mathematics Connections: 
• HS.G.3 Coordinate Geometry and Transformations: Students will demonstrate and represent location, orientation, and 

relationships on the coordinate plane.  
• HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and 

interpret results in context. 
• HS.A.1 Algebraic Relationships: Students will demonstrate and represent relationships with functions. 
• HS.A.3 Applications: Students will solve authentic problems using nonlinear functions. 
• HS.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and 

organize data. 
• HS.D.2 Analyze Data and Interpret Results: Students will represent and analyze the data and interpret the results. 

Connection To Other Grade Level Indicators  

Authentic Connections to Other Content Standards: 
• High School Domains Model Course II 

• Physics Bundle 3: SC.HS.4.4.a, SC.HS.4.4.c, SC.HS.4.4.e, SC.HS.5.5.e, SC.HS.12.2.b, SC.HS.13.3.a, SC.HS.13.3.b, SC.HS.13.3.d, 
SC.HS.14.4.c 

• OpenSciEd Standards Alignment 
• P.4 Meteors, Orbits, and Gravity: SC.HS.1.1.d, SC.HS.4.4a, SC.HS.4.4b, SC.HS.11.1d, SC.HS.14.4b 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Newton’s Law of Gravitation, Coulomb’s Law, gravitational force, electrostatic force, attraction, repulsion, gravitational field, 

electric field, mass, charge, distance, mechanical energy, chemical energy, electrical energy, potential energy, thermal 
energy, heat, conservation, conversion, kinetic energy, momentum, conservation of energy, Law of Conservation of Energy 

Assessment Considerations 

https://www.nextgenscience.org/sites/default/files/HS%20Modified%20Domains%20Physics%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/
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Formative Assessment: 
• Formative Task Repository 
• Utah 

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

Knowledge, Skills, and Abilities: 
• KSA 1: Clearly define a system of interacting objects and their relevant variables (mass, distance, charge, force)  using 

mathematic relationships. 
• KSA 2: Identify the gravitational force between two objects as the product of their masses divided by the separation distance 

squared. 
• KSA 3: Explain why the gravitational force is always attractive, relating it to the always-positive nature of mass. 
• KSA 4: Identify that the electrostatic force between two objects is the product of their individual charges divided by the 

separation distance squared. 
• KSA 5: Explain why the electrostatic force can be either attractive or repulsive depending on the charges. 
• KSA 6: Accurately use the given mathematical formulas to predict the gravitational force between masses or the electrostatic 

force between charges. 
• KSA 7: Identify and correctly apply the formulas for gravitational and electrostatic forces to various scenarios. 
• KSA 8: Use the formulas to analyze how the change in forces between interacting objects depends on their distance. 
• KSA 9: Describe the ratio between gravitational and electric forces between objects, recognizing it as a pattern independent of 

distance. 
• KSA 10: Use mathematical representations to predict the magnitude and direction of gravitational and electrostatic forces 

between objects. 
• KSA 11: Identify and explain patterns in the ratios and magnitudes of forces in different physical contexts using the given 

mathematical models. 
• KSA 12: Use proportional reasoning and the interdependence of mass, charge, distance, and force, to make predictions about 

how changes in one variable may affect other variables. 

https://www.education.ne.gov/assessment/nscas-science/
https://docs.google.com/document/d/194RyYs1vkrEsUKWmp3DfCcL6Gk2c3n4BUxjRmJ6Hkdo/edit?usp=sharing
https://sipsassessments.org/
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Standard Code: SC.HS.1.1 Gather, analyze, and communicate evidence of forces and interactions.  

Uniform motion of an object is natural. Changes in motion are caused by a nonzero sum of forces. A “net force” causes an 
acceleration as predicted by Newton’s 2nd Law. Qualitative and quantitative analysis of position, velocity, and acceleration provide 
evidence of the effects of forces. Momentum is defined for a particular frame of reference; it is the product of the mass and the 
velocity of the object. In any system, total momentum is always conserved. If a system interacts with objects outside itself, the total 
momentum of the system can change; however, any such change is balanced by changes in the momentum of objects outside the 
system. The time over which these paired forces are exerted determines the impact force. 

Indicator Code: SC.HS.1.1.e 

Plan and conduct an investigation to provide evidence that an electrical current can produce a magnetic field and that a changing 
magnetic field can produce an electrical current. Assessment is limited to designing and conducting investigations with provided 
materials and tools. 

NGSS Comparison: HS-PS2-5 

Other Indicators in this Standard 

SC.HS.1.1.a, SC.HS.1.1.b, SC.HS.1.1.c, SC.HS.1.1.d 

Concepts and Skills to Master 

Foundation Boxes: 

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

Planning and Carrying Out Investigations: 

Planning and carrying out investigations to answer questions or 
test solutions to problems in 9–12 builds on K–8 experiences and 
progresses to include investigations that provide evidence for 
and test conceptual, mathematical, physical and empirical 

Cause and Effect: 
• Empirical evidence is required to differentiate between 

cause and correlation and make claims about specific 
causes and effects.  
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models. 
• 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) 
PS2.B: Types of Interactions: 

• Forces at a distance are explained by fields (gravitational, electric, and magnetic) permeating space that can transfer 
energy through space. Magnets or electric currents cause magnetic fields; electric charges or changing magnetic fields 
cause electric fields. 

 PS3.A: Definitions of Energy: 
• “Electrical energy” may mean energy stored in a battery or energy transmitted by electric currents. (secondary to HS.1.1.E) 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Programmable Magnets (The Wonders of Science)  
• Candle Powered Car (The Wonders of Science) 
• Hand Crank Generators 
• Mini Hand Brushless Motor Generator (search on Amazon)  
• When a loop over a magnet is connected in circuit with a battery the loop spins. Spinning a loop in a magnetic field can also 

produce a current 
• Pushing a magnet inside a solenoid-shaped wire produces a current. Sending a current through the solenoid creates an 

electromagnet 
• Maglev trains are able to hover above their track and travel at very high speeds 
• Transformers are used to change voltage to safe levels 
• Induction can be used to charge batteries or heat cookware 
• A compass points towards Earth’s magnetic north, unless it is near an electric current, which will push the needle 

perpendicular to the wire 

https://www.nap.edu/read/13165/chapter/9#116
https://www.nap.edu/read/13165/chapter/9#120
https://thewonderofscience.com/phenomenon/2018/6/10/programmable-magnets
https://thewonderofscience.com/phenomenon/2018/7/8/candle-powered-car
https://www.amazon.com/CrocSee-Brushless-Generator-Experiment-Teaching/dp/B0722Z4PX5/ref=sr_1_2?crid=2ZQNKYUMSTSYD&dib=eyJ2IjoiMSJ9.1ZD5JzEbr6cveO5cwDy5l9d3UDofvK0BRUAIbg8avq--FlG0UUuoYBUktyiwGmt2cIzQTqn_TevoMvhVexEEOMx2rV0TmnzgQCZ4RwXtmlB6LH-cFItzSttYzW2RpO9vrfLyE5jgPyYelbZKpGnehWjXXkAP6FylrLcTbqfEkLhu28dWCJyqg6Zy-_L0QB3Kuk1hMMGUC3s75EuS39_cH-epMQY_K4pmuLRVuXGsLzaXuT-eTQgRryPx7qDBOfkr9KvC54aekRZCNnkoeIGiPndYlqx_5s_ge4SFF4KFVNs.XsP6xvMTfCNzjbqDcVnz68D3oTinUYnPdZeBpwxWc_A&dib_tag=se&keywords=Mini+Hand+Brushless+Motor+Generator&qid=1721332178&sprefix=mini+hand+brushless+motor+generator%2Caps%2C165&sr=8-2
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Evidence Statements 

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

HS.1.1.e  Plan and conduct an investigation to provide evidence that an electrical current can produce a magnetic field and that a 
changing magnetic field can produce an electrical current. 
1. Identifying the phenomenon to be investigated 

A. Students describe* the phenomenon under investigation, which includes the following idea: that an electric current 
produces a magnetic field and that a changing magnetic field produces an electric current. 

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 about 1) an observable effect of a magnetic field that is uniquely related to the presence of an electric 
current in the circuit, and 2) an electric current in the circuit that is uniquely related to the presence of a changing 
magnetic field near the circuit. Students describe* why these effects seen must be causal and not correlational, citing 
specific cause-effect relationships. 

3. Planning for the investigation 
A. In the investigation plan, students include:  

• The use of an electric circuit through which electric current can flow, a source of electrical energy that can be 
placed in the circuit, the shape and orientation of the wire, and the types and positions of detectors; 

• A means to indicate or measure when electric current is flowing through the circuit; 
• A means to indicate or measure the presence of a local magnetic field near the circuit; and 
• A design of a system to change the magnetic field in a nearby circuit and a means to indicate or measure when the 

magnetic field is changing. 
B. In the plan, students state whether the investigation will be conducted individually or collaboratively. 

4. Collecting the data 
A. Students measure and record electric currents and magnetic fields. 

5. Refining the design 
A. Students evaluate their investigation, including an evaluation of: 

• The accuracy and precision of the data collected, as well as limitations of the investigation; and 
• The ability of the data to provide the evidence required. 

B. If necessary, students refine the investigation plan to produce more accurate, precise, and useful data such that the 
measurements or indicators of the presence of an electric current in the circuit and a magnetic field near the circuit can 
provide the required evidence. 
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Critical Background Knowledge 

Grade Band Progressions:  

Science and Engineering Practices (SEPs): Planning and Carrying Out Investigations 

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

[SEP name] in K–2 builds on 
prior experiences and 
progresses to... 

Plan and conduct an 
investigation collaboratively to 
produce data to serve as the 
basis for evidence to answer a 
question.  

Evaluate different ways of 
observing and/or measuring a 
phenomenon to determine 
which way can answer a 
question. 

[SEP name] in 3–5 builds 
on K–2 experiences and 
progresses to... 

Evaluate appropriate 
methods and/or tools for 
collecting data. 

Evaluate appropriate 
methods and/or tools for 
collecting data. 

[SEP name] in 6-8 builds on K–5 
experiences and progresses 
to... 

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. 

[SEP name] 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. 

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... 

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

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

Cause and Effect in 9-12 builds on K–8 
experiences and progresses to college or 
career experiences. 
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K-2 3-5 6-8 9-12 

Students learn that 
events have causes 
that generate 
observable patterns. 
They design simple 
tests to gather 
evidence to support 
or refute their own 
ideas about causes. 
 

Students routinely identify 
and test causal 
relationships and use 
these relationships to 
explain change. They 
understand events that 
occur together with 
regularity might or might 
not signify a cause-and-
effect relationship. 

Students classify relationships as 
causal or correlational and 
recognize that correlation does 
not necessarily imply causation. 
They use cause and effect 
relationships to predict 
phenomena in natural or 
designed systems. They also 
understand that phenomena may 
have more than one cause, and 
some cause-and-effect 
relationships in systems can only 
be described using probability 

Students understand that empirical 
evidence is required to differentiate 
between cause and correlation and to 
make claims about specific causes and 
effects. They suggest cause and effect 
relationships to explain and predict 
behaviors in complex natural and designed 
systems. They also propose causal 
relationships by examining what is known 
about smaller scale mechanisms within the 
system. They recognize changes in systems 
may have various causes that may not 
have equal effects. 

Disciplinary Core Ideas (DCIs): PS2.B: Types of Interactions, PS3.A: Definitions of Energy 

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

PS2.B in K–2 builds 
on prior 
experiences and 
progresses to... 

Pushes and pulls 
can have different 
strengths and 
directions and can 
change the speed 
or direction of its 

PS2.B in 3–5 builds on K–2 experiences 
and progresses to... 

The effect of unbalanced forces on 
an object results in a change of 
motion. Patterns of motion can be 
used to predict future motion. Some 
forces act through contact, some 
forces act even when the objects are 
not in contact. The gravitational force 
of Earth acting on an object near 

PS2.B in 6-8 builds on K–5 
experiences and knowledge 
and progresses to... 

Forces that act at a distance 
involve fields that can be 
mapped by their relative 
strength and effect on an 
object. 

PS3.A in 6-8 builds on 3-5 

PS2.B in 9–12 builds on K–8 
experiences and knowledge and 
progresses to... 

Forces at a distance are explained 
by fields that can transfer energy 
and can be described in terms of 
the arrangement and properties of 
the interacting objects and the 
distance between them. These 
forces can be used to describe the 

https://www.nap.edu/read/13165/chapter/9#116
https://www.nap.edu/read/13165/chapter/9#120
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K-2 3-5 6-8 9-12 

motion or start or 
stop it. 

PS3.A in K–2 builds 
on prior 
experiences and 
progresses to... 

N/A 
 

Earth’s surface pulls that object 
toward the planet’s center. 

PS3.A in 3-5 builds on K-2 experiences 
and progresses to... 

Moving objects contain energy. The 
faster the object moves, the more 
energy it has. Energy can be moved 
from place to place by moving 
objects, or through sound, light, or 
electrical currents. Energy can be 
converted from one form to another 
form. 

experiences and progresses to... 

Kinetic energy can be 
distinguished from the various 
forms of potential energy. 
Energy changes to and from 
each type can be tracked 
through physical or chemical 
interactions. The relationship 
between the temperature and 
the total energy of a system 
depends on the types, states, 
and amounts of matter. 

relationship between electrical and 
magnetic fields. 

PS3.A in 9-12 builds on K-8 
experiences and progresses to... 

The total energy within a system is 
conserved. Energy transfer within 
and between systems can be 
described and predicted in terms 
of energy associated with the 
motion or configuration of particles 
(objects). 
 

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.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. 
• LA.10.V.1 Integrate grade-level academic vocabulary appropriately for a variety of tasks and purposes. 
• 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. 
• LA.10.SL.1 Initiate and participate in structured discussions and collaborations about grade-level topics and texts. 
• 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. 

Mathematics Connections: 
• HS.G.3 Coordinate Geometry and Transformations: Students will demonstrate and represent location, orientation, and 
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relationships on the coordinate plane.  
• HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and 

interpret results in context. 
• HS.A.1 Algebraic Relationships: Students will demonstrate and represent relationships with functions. 
• HS.A.3 Applications: Students will solve authentic problems using nonlinear functions. 
• HS.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and 

organize data. 
• HS.D.2 Analyze Data and Interpret Results: Students will represent and analyze the data and interpret the results. 

Connection To Other Grade Level Indicators  

Authentic Connections to Other Content Standards: 
• NGSS High School Domains Model Course II  

• Chemistry Bundle 3: SC.HS.1.1.e, SC.HS.4.4a, SC.HS.4.4c, SC.HS.4.4e 
• OpenSciEd Standards Alignment 

• P.1 Energy Flow from Earth’s Systems: SC.HS.1.1.b, SC.HS.4.4a, SC.HS.4.4b, SC.HS.4.4c, SC.HS.4.4f, SC.HS.7.2.f, SC.HS.15.5b, 
SC.HS.15.5.e 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Electric current, electric circuit, electric field, magnetic field, magnet, electromagnetic field, forces, Law of Conservation of 

Energy, Amps, electrical energy, Volts, resistor, Ohms, conductor, insulator, motor, generator, solenoid 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository 
• Utah 

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

Knowledge, Skills, and Abilities: 
• KSA 1: Describe how an electric current produces a magnetic field and that a changing magnetic field produces an electric 

current and apply this concept to relevant phenomena. 

https://www.nextgenscience.org/sites/default/files/HS%20Domains%20Course%201%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/
https://www.education.ne.gov/assessment/nscas-science/
https://docs.google.com/document/d/1i-ztAFTB-gS9M-L28uu68VZHAJ5fY_KGjdygX6JqWl0/edit?usp=sharing
https://sipsassessments.org/
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• KSA 2: Identify the types of data and evidence needed to demonstrate the relationship between electric currents and 
magnetic fields and explain why they are needed. 

• KSA 3: Develop an investigation plan to indicate or measure and record electric currents accurately using appropriate 
instruments. 

• KSA 4: Develop an investigation plan to indicate or measure the presence of magnetic fields accurately using appropriate 
instruments. 

• KSA 5: Construct an electric circuit that allows current to flow and a magnetic field to be initiated including creating a system for 
effectively recording investigation results. 

• KSA 6: Analyze the data for cause-effect relationships with a focus on identifying that the electric-magnetic relationship is causal 
and not correlational.  

• KSA 7: Design an adaptation to the system that adds a nearby magnetic field that will change the magnetic field in a circuit 
and indicate the effects of these changes. 

• KSA 8: Develop a method for accurately measuring the effects of adding a nearby magnetic field to the current system. 
• KSA 9: Evaluate the accuracy of collected data in relation to the investigation's goals and refine the investigation plan based on 

the results. 
• KSA 10: Evaluate the precision of collected data in relation to the investigation's goals and refine the investigation plan based 

on the results. 
• KSA 11: Evaluate the limitations of collected data in relation to the investigation's goals and refine the investigation plan based 

on the results.
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Physics Indicators 

Topic Code: SC.HS.2 Waves and Electromagnetic Radiation 
Standard Code: SC.HS.2.2 Gather, analyze, and communicate evidence of the interactions of waves.  

Energy describes the motion and interactions of matter and radiation within a system. Energy is a quantifiable property that is 
conserved in isolated systems and in the universe as a whole. At the macroscopic scale, energy manifests itself in multiple ways such as 
in motion, sound, light, and thermal energy. Uncontrolled systems always evolve toward more stable states— that is, toward more 
uniform energy distribution. Examining the world through an energy lens allows us to model and predict complex interactions of 
multiple objects within a system and address societal needs. 

Indicator Code: SC.HS.2.2.a 

Use mathematical representations to support a claim regarding relationships among the frequency, wavelength, and speed of waves 
traveling in various media. Examples of data could include electromagnetic radiation traveling in a vacuum and glass, sound waves 
traveling through air and water, and seismic waves traveling through the earth. Assessment is limited to algebraic relationships and 
describing those relationships qualitatively. 

NGSS Comparison: HS-PS4-1 

Other Indicators in this Standard 

SC.HS.2.2.b, SC.HS.2.2.c, SC.HS.2.2.d, SC.HS.2.2.e 

Concepts and Skills to Master 

Foundation Boxes: 

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

Using Mathematics and Computational Thinking: Cause and Effect: 
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 

Mathematical and computational thinking at the 9-12 level builds 
on K-8 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. 

• Use mathematical representations of phenomena or 
design solutions to describe and/or support claims and/or 
explanations.  

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

 

 

Disciplinary Core Idea (DCI) 

PS4.A: Wave Properties: 
• The wavelength and frequency of a wave are related to one another by the speed of travel of the wave, which depends on 

the type of wave and the medium through which it is passing. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Acoustic beats in sound waves 
• Tuning fork vibrates other tuning fork and ball 
• Trichroic Prism 
• Why do swimsuit colors look different underwater? 
• Greenhouse effect 
• How do greenhouses stay warm in the winter 
• Why do parked cars get so hot on hot days? 
• Why do sounds change underwater? 
• Cell phone dead zones 
• The sound made when you blow across the top of a straw changes when you shorten the straw. 
• A bonfire and a campfire are the same color. 
• When lighting strikes, there is time in between when we see the lightning and when we hear the thunder. 

https://www.nap.edu/read/13165/chapter/9#131
https://en.wikipedia.org/wiki/Beat_(acoustics)
https://www.youtube.com/watch?v=lFWXjzhH8a0
https://thewonderofscience.com/phenomenon/2018/7/8/trichroic-prism
https://www.akronchildrens.org/inside/2023/05/27/what-are-the-safest-swimsuit-colors/
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• When a fire engine drives by, the sound changes as it approaches and goes away. 

Evidence Statements 

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

HS.2.2.a  Use mathematical representations to support a claim regarding relationships among the frequency, wavelength, and speed of 
waves traveling in various media. 
1. Representation 

A. Students identify and describe* the relevant components in the mathematical representations: 
• Mathematical values for frequency, wavelength, and speed of waves traveling in various specified media; and 
• The relationships between frequency, wavelength, and speed of waves traveling in various specified media. 

2. Mathematical modeling 
A. Students show that the product of the frequency and the wavelength of a particular type of wave in a given medium is 

constant and identify this relationship as the wave speed according to the mathematical relationship v=fλ. 
B. Students use the data to show that the wave speed for a particular type of wave changes as the medium through which 

the wave travels changes. 
C. Students predict the relative change in the wavelength of a wave when it moves from one medium to another (thus 

different wave speeds using the mathematical relationship v=fλ ). Students express the relative change in terms of cause 
(different media) and effect (different wavelengths but same frequency). 

3. Analysis 
A. Using the mathematical relationship v=fλ , students assess claims about any of the three quantities when the other two 

quantities are known for waves travelling in various specified media. 
B. Students use mathematical relationships to distinguish between cause and correlation with respect to the supported 

claims. 

Critical Background Knowledge 

Grade Band Progressions:  

Science and Engineering Practices (SEPs): Using Mathematics and Computational Thinking 
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K-2 3-5 6-8 9-12 

Using Mathematical and 
Computational Thinking in K–
2 builds on prior experiences 
and progresses to... 

Describe, measure, and/or 
compare quantitative 
attributes of different objects 
and display the data using 
simple graphs. 

Using Mathematical and 
Computational Thinking in 3–5 
builds on K–2 experiences and 
progresses to... 

Describe, measure, estimate, 
and/or graph quantities such as 
area, volume, weight, and time to 
address scientific and engineering 
questions and problems 

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

Use mathematical 
representations to describe 
and/or support scientific 
conclusions and design 
solutions. 

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

Use mathematical, computational, 
and/or algorithmic representations 
of phenomena or design solutions 
to describe and/or support claims 
and/or explanations. 

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 to... 

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... 

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 (DCIs): PS4.A: Wave Properties 

https://www.nap.edu/read/13165/chapter/9#131
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K-2 3-5 6-8 9-12 

PS4.A in K–2 builds 
on prior 
experiences and 
progresses to... 

Sound can make 
matter vibrate, 
and vibrating 
matter can make 
sound. 

PS4.A in 3–5 builds on K–2 
experiences and progresses 
to... 

Waves are regular patterns of 
motion, which can be made in 
water by disturbing the 
surface. Waves of the same 
type can differ in amplitude 
and wavelength. Waves can 
make objects move. 

PS4.A in 6-8 builds on K–5 experiences and 
knowledge and progresses to... 

A simple wave model has a repeating 
pattern with a specific wavelength, 
frequency, and amplitude, and mechanical 
waves need a medium through which they 
are transmitted. This model can explain many 
phenomena including sound and light. 
Waves can transmit energy. 

PS4.A 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 
type of wave and the medium 
through which it is passing.  

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the 

task, purpose, and audience. 
• LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the 

research question(s). 
• 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.RI.3 Evaluate an author’s perspective or purpose and how it contributes to the meaning, significance, or aesthetic of an 

informational text. 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. 

• 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. 

• LA.12.RI.7 Analyze and evaluate multiple perspectives within and across a wide range of informational texts. 
• 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. 
• LA.12.SL.1 Communicate effectively and appropriately in collaborative activities for a variety of tasks, purposes, and audiences 
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to express ideas, share knowledge, and generate new understandings. 

Mathematics Connections: 
• 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. 
• HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and 

interpret results in context. 
• HS.A.1 Algebraic Relationships: Students will demonstrate and represent relationships with functions. 
• HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving 

linear and quadratic equations, and inequalities. 
• HS.A.3 Applications: Students will solve authentic problems using nonlinear functions. 
• HS.G.4 Logic and Proof: Students will use geometric definitions and theorems to reason abstractly and quantitatively. 
• HS.G.1 Attributes: Students will identify and describe geometric attributes, apply properties and theorems, and create two- 

dimensional shapes. 
• HS.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and 

organize data. 
• HS.D.2 Analyze Data and Interpret Results: Students will represent and analyze the data and interpret the results. 

Connection To Other Grade Level Indicators  

Authentic Connections to Other Content Standards: 
• NGSS High School Domains Model Course II  

o Physics Bundle 4: SC.HS.2.2a, SC.HS.2.2b, SC.HS.2.2c, SC.HS.2.2d, SC.HS.2.2e 
• OpenSciEd Standards Alignment 

o P.5 Electromagnetic Radiation: SC.HS.1.1.e, SC.HS.2.2a, SC.HS.2.2b, SC.HS.2.2c, SC.HS.2.2d, SC.HS.2.2e 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Waves, Wave properties (frequency, wavelength, speed), Relationship (v = fλ), Media, Cause and Effect, Simple wave, crest, 

trough, amplitude, vacuum, properties of waves, electromagnetic radiation, radiation, wave source, angle of incidence, angle 
of reflection, normal, interface, diffraction, refraction, doppler effect, red-shift, blue-shift, resonance. 

Assessment Considerations 

Formative Assessment 

https://www.nextgenscience.org/sites/default/files/HS%20Modified%20Domains%20Physics%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/
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• Formative Task Repository 
• Utah 

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

Knowledge, Skills, and Abilities: 
• KSA 1: Identify and describe frequency in electromagnetic waves. 
• KSA 2: Identify and describe wavelength in electromagnetic waves. 
• KSA 3: Identify and describe wave speed in electromagnetic waves. 
• KSA 4: Model wave properties using 𝑣𝑣=𝑓𝑓𝑓𝑓. 
• KSA 5: Recognize that the frequency, wavelength, and wave speed of an electromagnetic wave remains constant within a 

given media. 
• KSA 6: Use data to show that the wave speed of an electromagnetic wave changes when the media the wave is traveling 

through changes. 
• KSA 7: Use the mathematical model (𝑣𝑣=𝑓𝑓𝑓𝑓) to show that wave characteristics vary in different media. 
• KSA 8: Use the mathematical model (𝑣𝑣=𝑓𝑓𝑓𝑓) to describe the relationship between the wave characteristics in different media. 
• KSA 7: Predict changes in wavelength with varying wave speeds in different media. 
• 0Use the formula (𝑣𝑣=𝑓𝑓𝑓𝑓) to express a cause (change in media) - effect (change in wavelength) relationship between frequency, 

wavelength, and wave speed. 
• KSA 11: Critically assess claims about the movement of electromagnetic waves through a given media using the mathematical 

relationship (𝑣𝑣=𝑓𝑓𝑓𝑓) when quantities for two of the three variables are known. 
• KSA 12: Use mathematical relationships to distinguish between cause and correlation with respect to the supported claims. 

https://www.education.ne.gov/assessment/nscas-science/
https://docs.google.com/document/d/1bNach1KlekkNHYsZmflkh9t788LsRI6-SCRw0tQvjVM/edit?usp=sharing
https://sipsassessments.org/
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Standard Code: SC.HS.2.2 Gather, analyze, and communicate evidence of the interactions of waves.  

Energy describes the motion and interactions of matter and radiation within a system. Energy is a quantifiable property that is 
conserved in isolated systems and in the universe as a whole. At the macroscopic scale, energy manifests itself in multiple ways such as 
in motion, sound, light, and thermal energy. Uncontrolled systems always evolve toward more stable states— that is, toward more 
uniform energy distribution. Examining the world through an energy lens allows us to model and predict complex interactions of 
multiple objects within a system and address societal needs. 

Indicator Code: SC.HS.2.2.b 

Evaluate claims about the advantages of digital transmission and storage of information. Evaluating is an alternative method for a 
Science and Engineering Practice. Examples of advantages could include that digital information is stable because it can be stored 
reliably in computer memory, transferred easily, and copied and shared rapidly. Disadvantages could include issues of easy deletion, 
security, and theft. 

NGSS Comparison: HS-PS4-2 

Other Indicators in this Standard 

SC.HS.2.2.a, SC.HS.2.2.c, SC.HS.2.2.d, SC.HS.2.2.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 natural and designed worlds. Arguments 

Stability and Change: 
• Systems can be designed for greater or lesser stability. 
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 
may also come from current scientific or historical episodes in 
science. 

• Evaluate the claims, evidence, and reasoning behind 
currently accepted explanations or solutions to determine 
the merits of arguments. 

 

Disciplinary Core Idea (DCI) 

PS4.A: Wave Properties: 
• Information can be digitized (e.g., a picture stored as the values of an array of pixels); in this form, it can be stored reliably in 

computer memory and sent over long distances as a series of wave pulses. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• 3G vs 4G vs 5G cellular 
• Digital vs printed medical images 
• Analog vs digital television 
• Cell phone dead zones 
• My grandparents played music on a record player that used vinyl records. 
• Cell phones can send and transmit information in a variety of ways. 
• Analog versus Digital Television. 
• Using social media, I can easily share pictures with my friends. 

Evidence Statements 

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

HS.2.2.b  Evaluate claims about the advantage of digital transmission and storage of information. 
1. Addressing phenomena or scientific theories 

A. Students evaluate the given questions in terms of whether or not answers to the questions would: 
• Provide examples of features associated with digital transmission and storage of information (e.g., can be stored 

reliably without degradation over time, transferred easily, and copied and shared rapidly; can be easily deleted; can 

https://www.nap.edu/read/13165/chapter/9#131
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be stolen easily by making a copy; can be broadly accessed); and 
B. In their evaluation of the given questions, students: 

• Describe* the stability and importance of the systems that employ digital information as they relate to the advantages 
and disadvantages of digital transmission and storage of information; and 

• Discuss the relevance of the answers to the question to real-life examples (e.g., emailing your homework to a teacher, 
copying music, using the internet for research, social media). 

2. Evaluating empirical testability 
A. Students evaluate the given questions in terms of whether or not answers to the questions would provide means to 
empirically determine whether given features are advantages or disadvantages. 

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 not.  

Distinguish between opinions and 

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 the claims, evidence, 
and/or reasoning behind 
currently accepted 
explanations or solutions to 
determine the merits of 
arguments 
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K-2 3-5 6-8 9-12 

evidence in one’s own explanations. 

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... 

Things may change slowly or 
rapidly. 

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 6-8 
builds on K–5 experiences and 
progresses to... 

Systems in dynamic equilibrium 
are stable due to a balance of 
feedback mechanisms. 

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

Systems can be designed for greater 
or lesser stability 

Disciplinary Core Ideas (DCIs): PS4.A: Wave Properties 

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

PS4.A in K–2 builds on prior 
experiences and progresses to... 

Sound can make matter vibrate, and 
vibrating matter can make sound. 

PS4.A in 3–5 builds on K–
2 experiences and 
progresses to... 

Waves are regular 
patterns of motion, 
which can be made in 
water by disturbing the 
surface. Waves of the 

PS4.A in 6-8 builds on K–5 
experiences and knowledge and 
progresses to... 

A simple wave model has a 
repeating pattern with a specific 
wavelength, frequency, and 
amplitude, and mechanical 
waves need a medium through 

PS4.A 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 type of wave 

https://www.nap.edu/read/13165/chapter/9#131
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K-2 3-5 6-8 9-12 

same type can differ in 
amplitude and 
wavelength. Waves can 
make objects move. 

which they are transmitted. This 
model can explain many 
phenomena including sound 
and light. Waves can transmit 
energy. 

and the medium through 
which it is passing. Waves can 
be used to transmit 
information and energy. 

Connection To Other Grade Level Indicators 

ELA Connections: 
• LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the 

task, purpose, and audience. 
• LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the 

research question(s). 
• 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.RI.3 Evaluate an author’s perspective or purpose and how it contributes to the meaning, significance, or aesthetic of an 

informational text. 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. 

• 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. 

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

Mathematics Connections: 
• 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. 
• HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and 

interpret results in context. 
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• HS.A.1 Algebraic Relationships: Students will demonstrate and represent relationships with functions. 
• HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving 

linear and quadratic equations, and inequalities. 
• HS.A.3 Applications: Students will solve authentic problems using nonlinear functions. 
• HS.G.4 Logic and Proof: Students will use geometric definitions and theorems to reason abstractly and quantitatively. 
• HS.G.1 Attributes: Students will identify and describe geometric attributes, apply properties and theorems, and create two- 

dimensional shapes. 
• HS.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and 

organize data. 
• HS.D.2 Analyze Data and Interpret Results: Students will represent and analyze the data and interpret the results. 

Related Cross-Curricular Standards: Current Grade Level 

Authentic Connections to Other Content Standards: 
• NGSS High School Domains Model Course II  

• Physics Bundle 4: SC.HS.2.2a, SC.HS.2.2b, SC.HS.2.2c, SC.HS.2.2d, SC.HS.2.2e 
• OpenSciEd Standards Alignment 

• P.5 Electromagnetic Radiation: SC.HS.1.1.Ee SC.HS.2.2a, SC.HS.2.2b, SC.HS.2.2c, SC.HS.2.2d, SC.HS.2.2e 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Digitized information, Digital transmission, Digital storage, System stability, Wavelength, frequency, electromagnetic waves, crest, 

trough, amplitude, square waves, modulation, analog, digital, fidelity, sampling rate 

Assessment Considerations 

Formative Assessment 
• Formative Task Repository 
• Utah 

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

Knowledge, Skills, and Abilities: 

https://www.nextgenscience.org/sites/default/files/HS%20Modified%20Domains%20Physics%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/
https://www.education.ne.gov/assessment/nscas-science/
https://docs.google.com/document/d/1Kj_QwBmqMHBfRQqwgeUlxJJOsnKRO8qVTwtN9Ff849s/edit?usp=sharing
https://sipsassessments.org/


  SC.HS.2.2.b 70  

• KSA1: Understand how digital encoding and transmission works. 
• KSA2: Knowledge of communication systems and protocols. 
• KSA3: Familiarity with digital storage technologies. 
• KSA4: Understanding security and privacy issues. 
• KSA5: Differentiating digital vs. analog systems. 
• KSA6: Consider the societal impact of digital technologies. 
• KSA7: Be able to critically analyze information on digital and analog storage and communication. 
• KSA8: Effectively communicate ideas using data and scientific reasoning. 
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Standard Code: SC.HS.2.2 Gather, analyze, and communicate evidence of the interactions of waves.  

Energy describes the motion and interactions of matter and radiation within a system. Energy is a quantifiable property that is 
conserved in isolated systems and in the universe as a whole. At the macroscopic scale, energy manifests itself in multiple ways such as 
in motion, sound, light, and thermal energy. Uncontrolled systems always evolve toward more stable states— that is, toward more 
uniform energy distribution. Examining the world through an energy lens allows us to model and predict complex interactions of 
multiple objects within a system and address societal needs. 

Indicator Code: SC.HS.2.2.c 

Evaluate the claims, evidence, and reasoning behind the idea that electromagnetic radiation can be described either by a wave 
model or a particle model, and that for some situations one model is more useful than the other. Emphasis is on how the experimental 
evidence supports the claim and how a theory is generally modified in light of new evidence. Examples of a phenomenon could 
include resonance, interference, diffraction, and photoelectric effect. Assessment does not include using quantum theory. 

NGSS Comparison: HS-PS4-3 

Other Indicators in this Standard 

SC.HS.2.2.a, SC.HS.2.2.b, SC.HS.2.2.d, SC.HS.2.2.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 natural and designed worlds. Arguments 

Systems and System Models: 
• 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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may also come from current scientific or historical episodes in 
science. 

• Evaluate the claims, evidence, and reasoning behind 
currently accepted explanations or solutions to determine 
the merits of arguments.  

Connections to the nature of science 
Science Models, Laws, Mechanisms, and Theories Explain Natural  
Phenomena: 

• 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. 

 

Evidence Statements 

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

HS.2.2.c  Evaluate the claims, evidence, and reasoning behind the idea that electromagnetic radiation can be described either by a 
wave model or a particle model, and that for some situations one model is more useful than the other. 
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, 
and that includes the following idea: Electromagnetic radiation can be described either by a wave model or a particle 
model, and for some situations one model is more useful than the other. 

B. Students identify the given claims to be evaluated. 
C. Students identify the given evidence to be evaluated, including the following phenomena: 

• Interference behavior by electromagnetic radiation; and 
• The photoelectric effect. 

D. Students identify the given reasoning to be evaluated. 
2. Evaluating given evidence and reasoning 

A. Students evaluate the given evidence for interference behavior of electromagnetic radiation to determine how it 
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supports the argument that electromagnetic radiation can be described by a wave model. 
B. Students evaluate the phenomenon of the photoelectric effect to determine how it supports the argument that 

electromagnetic radiation can be described by a particle model. 
C. Students evaluate the given claims and reasoning for modeling electromagnetic radiation as both a wave and particle, 

considering the transfer of energy and information within and between systems, and why for some aspects the wave 
model is more useful and for other aspects the particle model is more useful to describe the transfer of energy and 
information. 

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 not.  

Distinguish between opinions and evidence in 
one’s own explanations. 

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 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): Systems and System Models 

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

System and System 
Models in K–2 builds 
on prior experiences 
and progresses to...  

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

System 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. 

System 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. 

System 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. 

Disciplinary Core Ideas (DCIs): PS4.A: Wave Properties, PS4.B: Electromagnetic Radiation 

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

PS4.A in K–2 builds 
on prior 
experiences and 
progresses to... 

Sound can make 
matter vibrate, and 
vibrating matter 
can make sound. 

PS4.B in K–2 builds 
on prior 
experiences and 

PS4.A in 3–5 builds on K–2 
experiences and progresses to... 

Waves are regular patterns of 
motion, which can be made in 
water by disturbing the surface. 
Waves of the same type can differ in 
amplitude and wavelength. Waves 
can make objects move. 

PS4.B in 3–5 builds on K–2 
experiences and progresses to... 

Objects can be seen when light 

PS4.A in 6-8 builds on K–5 
experiences and knowledge 
and progresses to... 

A simple wave model has a 
repeating pattern with a 
specific wavelength, 
frequency, and amplitude, and 
mechanical waves need a 
medium through which they 
are transmitted. This model can 
explain many phenomena 
including sound and light. 

PS4.A 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 type of wave and the 
medium through which it is passing. 
Waves can be used to transmit 
information and energy. 

 

https://www.nap.edu/read/13165/chapter/9#131
https://www.nap.edu/read/13165/chapter/9#133
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K-2 3-5 6-8 9-12 

progresses to... 

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

reflected from their surface enters 
our eyes.  

Waves can transmit energy. 

PS4.B in 6-8 builds on K–5 
experiences and knowledge 
and progresses to... 

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

PS4.B 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. 
 

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the 

task, purpose, and audience. 
• LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the 

research question(s). 
• 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.RI.3 Evaluate an author’s perspective or purpose and how it contributes to the meaning, significance, or aesthetic of an 

informational text. 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. 

• 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. 

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

Mathematics Connections: 
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• 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. 

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

• HS.A.1 Algebraic Relationships: Students will demonstrate and represent relationships with functions. 
• HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving 

linear and quadratic equations, and inequalities. 
• HS.A.3 Applications: Students will solve authentic problems using nonlinear functions. 
• HS.G.4 Logic and Proof: Students will use geometric definitions and theorems to reason abstractly and quantitatively. 
• HS.G.1 Attributes: Students will identify and describe geometric attributes, apply properties and theorems, and create two- 

dimensional shapes. 
• HS.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and 

organize data. 
• HS.D.2 Analyze Data and Interpret Results: Students will represent and analyze the data and interpret the results. 

Connection To Other Grade Level Indicators  

Authentic Connections to Other Content Standards: 
• NGSS High School Domains Model Course II  

• Physics Bundle 4: SC.HS.2.2a, SC.HS.2.2b, SC.HS.2.2c, SC.HS.2.2d, SC.HS.2.2e 
• OpenSciEd Standards Alignment 

• P.5 Electromagnetic Radiation: SC.HS.1.1.e, SC.HS.2.2a, SC.HS.2.2b, SC.HS.2.2c, SC.HS.2.2d, SC.HS.2.2e 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Electromagnetic radiation, Electromagnetic spectrum, Material, Wave model, Particle model, Wave-particle duality, 

Phenomena (e.g. interference, photoelectric effect), System models, Photon, wave properties, resonance, interference, 
wavelength, crest, trough, amplitude, wave speed, reflection, refraction, mechanical waves, speed of light, medium, photon 
energy, diffraction 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository 

https://www.nextgenscience.org/sites/default/files/HS%20Modified%20Domains%20Physics%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/
https://www.education.ne.gov/assessment/nscas-science/


  SC.HS.2.2.c 77  

• Utah 

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

Knowledge, Skills, and Abilities: 
• KSA 1: Identify specific claims related to the dual nature of electromagnetic radiation. 
• KSA 2: Identify evidence that supports the claim that EM radiation acts as a wave (interference behavior) 
• KSA 3: Identify evidence that supports the claim that EM radiation acts as a particle (photoelectric effect). 
• KSA 4: Identify the reasoning behind using wave models for different aspects of electromagnetic radiation. 
• KSA 5: Identify the reasoning behind using particle models for different aspects of electromagnetic radiation. 
• KSA 6: Evaluate how evidence of interference behavior supports the wave model of electromagnetic radiation. 
• KSA 7: Evaluate how the photoelectric effect supports the particle model of electromagnetic radiation. 
• KSA 8: Assess claims and reasoning for using both wave and particle models, considering energy and information transfer. 
• KSA 9: Accurately determine when the wave model is more applicable and when the photon model is more applicable. 
• KSA 9: Explain why each model is useful in different contexts of energy and information transfer. 

https://docs.google.com/document/d/1U9_vgPA5fs6vM82MAPlqYWoaE-oCAcg8RMivz4Hl2tU/edit?usp=sharing
https://sipsassessments.org/
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Standard Code: SC.HS.2.2 Gather, analyze, and communicate evidence of the interactions of waves. 

Energy describes the motion and interactions of matter and radiation within a system. Energy is a quantifiable property that is 
conserved in isolated systems and in the universe as a whole. At the macroscopic scale, energy manifests itself in multiple ways such as 
in motion, sound, light, and thermal energy. Uncontrolled systems always evolve toward more stable states— that is, toward more 
uniform energy distribution. Examining the world through an energy lens allows us to model and predict complex interactions of 
multiple objects within a system and address societal needs. 

Indicator Code: SC.HS.2.2.d 

Evaluate the validity and reliability of claims in published materials of the effects that different frequencies of electromagnetic 
radiation have when absorbed by matter. Emphasis is on the idea that photons associated with different frequencies of light have 
different energies, and the damage to living tissue from electromagnetic radiation depends on the energy of the radiation. Examples 
of published materials could include trade books, magazines, web resources, videos, and other passages that may reflect bias. 
Assessment is limited to qualitative descriptions. 

NGSS Comparison: HS-PS4-4 

Other Indicators in this Standard 

SC.HS.2.2.a, SC.HS.2.2.b, SC.HS.2.2.c, SC.HS.2.2.e 

Concepts and Skills to Master 

Foundation Boxes: 

Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 
Obtaining, Evaluating, and Communicating Information: 

Obtaining, evaluating, and communicating information in 9–12 
builds on K–8 and progresses to evaluating the validity and 
reliability of the claims, methods, and designs. 

• Evaluate the validity and reliability of multiple claims that 

Cause and Effect: 
• 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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Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 
appear in scientific and technical texts or media reports, 
verifying the data when possible. 

 

 

 

Disciplinary Core Idea (DCI) 

PS4.B: Electromagnetic Radiation: 
• When light or longer wavelength electromagnetic radiation is absorbed in matter, it is generally converted into thermal 

energy (heat). Shorter wavelength electromagnetic radiation (ultraviolet, X-rays, gamma rays) can ionize atoms and cause 
damage to living cells. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Discuss the advantages and risks of using 3G vs 4G vs 5G cellular 
• How can microwaves heat some items (food) but not others (microwave safe dishes) 
• How does sunscreen work? 
• Radiation treatment for medical conditions 
• The symbol of the international Radura logo is used to show a food has been treated with ionizing radiation.  
• My mother told me my earbuds would give me a brain tumor.  
• In cities downwind of the Nevada nuclear testing site, such as St. George, Utah, there have been marked increases in various 

types of cancer. 

Evidence Statements 

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

HS.2.2.d  Evaluate the validity and reliability of claims in published materials of the effects that different frequencies of electromagnetic  
radiation have when absorbed by matter. 
1. Obtaining information 

A. Students obtain at least two claims proposed in published material (using at least two sources per claim) regarding the 

https://www.nap.edu/read/13165/chapter/9#133
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effect of electromagnetic radiation that is absorbed by matter. One of these claims deals with the effect of 
electromagnetic radiation on living tissue. 

2. Evaluating information 
A. Students use reasoning about the data presented, including the energies of the photons involved (i.e., relative 

wavelengths) and the probability of ionization, to analyze the validity and reliability of each claim. 
B. Students determine the validity and reliability of the sources of the claims. 
C. Students describe* the cause-and-effect reasoning in each claim, including the extrapolations to larger scales from 

cause-and-effect relationships of mechanisms at small scales (e.g., extrapolating from the effect of a particular 
wavelength of radiation on a single cell to the effect of that wavelength on the entire organism). 

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... 

Obtain information using various texts, 
text features (e.g., headings, tables of 
contents, glossaries, electronic menus, 
icons), and other media that will be 
useful in answering a scientific 
question and/or supporting a scientific 
claim 

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

Obtain and combine 
information from books 
and/or other reliable 
media to explain 
phenomena or solutions to 
a design problem. 

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

Evaluate data, 
hypotheses, and/or 
conclusions in scientific 
and technical texts in light 
of competing information 
or accounts. 

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

Evaluate the validity and reliability 
of and/or synthesize multiple 
claims, methods, and/or designs 
that appear in scientific and 
technical texts or media reports, 
verifying the data when possible. 

Crosscutting Concepts (CCCs): Cause and Effect 
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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 to... 

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. 

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 (DCIs): PS4.B: Electromagnetic Radiation 

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

PS4.B in K–2 builds on 
prior experiences and 
progresses to... 

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

PS4.B in 3–5 builds on K–2 
experiences and 
progresses to... 

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

PS4.B in 6-8 builds on K–5 
experiences and 
knowledge and 
progresses to... 

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

PS4.B 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. 

Related Cross-Curricular Standards: Current Grade Level  

ELA Connections: 
• LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the 

task, purpose, and audience. 

https://www.nap.edu/read/13165/chapter/9#133
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• LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the 
research question(s). 

• 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.RI.3 Evaluate an author’s perspective or purpose and how it contributes to the meaning, significance, or aesthetic of an 
informational text. 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. 

• 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. 

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

Mathematics Connections: 
• 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. 
• HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and 

interpret results in context. 
• HS.A.1 Algebraic Relationships: Students will demonstrate and represent relationships with functions. 
• HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving 

linear and quadratic equations, and inequalities. 
• HS.A.3 Applications: Students will solve authentic problems using nonlinear functions. 
• HS.G.4 Logic and Proof: Students will use geometric definitions and theorems to reason abstractly and quantitatively. 
• HS.G.1 Attributes: Students will identify and describe geometric attributes, apply properties and theorems, and create two- 

dimensional shapes. 
• HS.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and 

organize data. 
• HS.D.2 Analyze Data and Interpret Results: Students will represent and analyze the data and interpret the results. 

Connection To Other Grade Level Indicators 

Authentic Connections to Other Content Standards: 
• NGSS High School Domains Model Course II  

https://www.nextgenscience.org/sites/default/files/HS%20Modified%20Domains%20Physics%20Summary%20and%20Flowchart.pdf
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• Physics Bundle 4: SC.HS.2.2a, SC.HS.2.2b, SC.HS.2.2c, SC.HS.2.2d, SC.HS.2.2e 
• OpenSciEd Standards Alignment 

• P.5 Electromagnetic Radiation: SC.HS.1.1.e, SC.HS.2.2a, SC.HS.2.2b, SC.HS.2.2c, SC.HS.2.2d, SC.HS.2.2e 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Electromagnetic radiation (e.g., radio, light, UV, X-ray, etc.), Photon, Frequency, Thermal energy, Ionization, Absorption by 

matter, Cause and Effect, wavelength, speed of light, Photon energy, media, tissues, cells, organism 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository 
• Utah 

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

Knowledge, Skills, and Abilities: 
• KSA 1: Explain the relationship between wavelength and energy transmission. 
• KSA 2: Describe how increased energy levels within photons can lead to the ionization of atoms (ionization energy). 
• KSA 3: Evaluate the validity of two scientific claims regarding the effect of electromagnetic radiation that is absorbed by matter. 

One of these claims must deal with the effect of electromagnetic radiation on living tissue. 
• KSA 4: Evaluate the reliability of two scientific claims regarding the effect of electromagnetic radiation that is absorbed by 

matter. One of these claims must deal with the effect of electromagnetic radiation on living tissue. 
• KSA 5: Describe the cause-and-effect reasoning in relation to the mechanisms of EMR effects on matter. 
• KSA 6: Describe the cause-and-effect relationships in each claim in order to explain how mechanisms at a small scale can lead 

to effects at a larger scale. (e.g., The effects of EMR on a single cell vs an entire organism.) 

https://www.openscied.org/curriculum/high-school/standards-alignment/
https://www.education.ne.gov/assessment/nscas-science/
https://docs.google.com/document/d/1nXOd77mFwE2GKCsL1ODe4xRqwyMazXAnTF-M4tATwRA/edit?usp=sharing
https://sipsassessments.org/
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Standard Code: SC.HS.2.2 Gather, analyze, and communicate evidence of the interactions of waves. 

Energy describes the motion and interactions of matter and radiation within a system. Energy is a quantifiable property that is 
conserved in isolated systems and in the universe as a whole. At the macroscopic scale, energy manifests itself in multiple ways such as 
in motion, sound, light, and thermal energy. Uncontrolled systems always evolve toward more stable states— that is, toward more 
uniform energy distribution. Examining the world through an energy lens allows us to model and predict complex interactions of 
multiple objects within a system and address societal needs. 

Indicator Code: SC.HS.2.2.e 

Communicate technical information about how some technological devices use the principles of wave behavior and wave 
interactions with matter to transmit and capture information and energy. Examples could include solar cells capturing light and 
converting it to electricity; medical imaging; and communications technology. Assessments are limited to qualitative information. 
Assessments do not include band theory. 

NGSS Comparison: HS-PS4-5 

Other Indicators in this Standard 

SC.HS.2.2.a, SC.HS.2.2.b, SC.HS.2.2.c, SC.HS.2.2.d 

Concepts and Skills to Master 

Foundation Boxes: 

Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 
Obtaining, Evaluating, and Communicating Information: 

Obtaining, evaluating, and communicating information in 9–12 
builds on K–8 and progresses to evaluating the validity and 
reliability of the claims, methods, and designs. 

• Communicate technical information or ideas (e.g., about 
phenomena and/or the process of development and the 

Cause and Effect: 
•  Systems can be designed to cause a desired effect. 
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 
design and performance of a proposed process or 
system) in multiple formats (including orally, graphically, 
textually, and mathematically). 

Connections to Engineering, Technology, and Applications of 
Science 

Interdependence of Science, Engineering, and Technology: 
• Science and engineering complement each other in the 

cycle known as research and development (R&D). 

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

• Modern civilization depends on major technological 
systems. 

 

Disciplinary Core Idea (DCI) 

PS4.A: Wave Properties: 
• Information can be digitized (e.g., a picture stored as the values of an array of pixels); in this form, it can be stored reliably in 

computer memory and sent over long distances as a series of wave pulses. 

PS4.B: Electromagnetic Radiation:  
• Photoelectric materials emit electrons when they absorb light of a high enough frequency. 

PS4.C: Information Technologies and Instrumentation: 
• Multiple technologies based on the understanding of waves and their interactions with matter are part of everyday 

experiences in the modern world (e.g., medical imaging, communications, scanners) and in scientific research. They are 
essential tools for producing, transmitting, and capturing signals and for storing and interpreting the information contained in 
them.  

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Cellular or Wi-Fi dead zones 
• Coding for images vs sound vs text vs emojis 

https://www.nap.edu/read/13165/chapter/9#131
https://www.nap.edu/read/13165/chapter/9#133
https://www.nap.edu/read/13165/chapter/9#136
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• Bluetooth signals 
• Ring Doorbells 
• Communication towers are found throughout our cities and on mountaintops. Radio, TV stations, and cell phones use these. 
• Drones fly and are controlled without wires. 
• TV remotes control TVs without any physical connection. 
• Lasers are used to help scientists make very precise measurements of microscopic phenomena 

Evidence Statements 

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

HS.2.2.e  Communicate technical information about how some technological devices use the principles of wave behavior and wave 
interactions with matter to transmit and capture information and energy. 
1. Communication style and format 

A. Students use at least two different formats (e.g., oral, graphical, textual, and mathematical) to communicate technical 
information and ideas, including fully describing* at least two devices and the physical principles upon which the devices 
depend. One of the devices must depend on the photoelectric effect for its operation. Students cite the origin of the 
information as appropriate. 

2. Connecting the DCIs and the CCCs 
A. When describing* how each device operates, students identify the wave behavior utilized by the device or the 

absorption of photons and production of electrons for devices that rely on the photoelectric effect, and qualitatively 
describe* how the basic physics principles were utilized in the design through research and development to produce this 
functionality (e.g., absorbing electromagnetic energy and converting it to thermal energy to heat an object; using the 
photoelectric effect to produce an electric current).  

B. For each device, students discuss the real-world problem it solves or need it addresses, and how civilization now depends 
on the device.  

C. Students identify and communicate the cause-and-effect relationships that are used to produce the functionality of the 
device. 

Critical Background Knowledge 

Grade Band Progressions:  
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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, and/or design ideas. 

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

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

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, tool, 
process, system) in writing 
and/or through oral 
presentations 

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

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

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. 
 Simple tests can be designed 

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. 

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 

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

Systems can be designed to 
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K-2 3-5 6-8 9-12 

to gather evidence to support 
or refute student ideas about 
causes. 

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

natural or designed systems. cause a desired effect. 

Disciplinary Core Ideas (DCIs): PS4.A: Wave Properties, PS4.B: Electromagnetic Radiation, PS4.C: Information Technologies 
and Instrumentation 

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

PS4.A in K–2 
builds on prior 
experiences and 
progresses to... 

Sound can make 
matter vibrate, 
and vibrating 
matter can 
make sound. 

PS4.C in K–2 
builds on prior 
experiences and 
progresses to... 

People use 
devices to send 
and receive 
information. 

PS4.A in 3–5 builds on 
K–2 experiences and 
progresses to... 

Waves are regular 
patterns of motion, 
which can be made 
in water by disturbing 
the surface. Waves of 
the same type can 
differ in amplitude 
and wavelength. 
Waves can make 
objects move. 

PS4.C in 3–5 builds on 
K–2 experiences and 
progresses to... 
Patterns can encode, 
send, receive and 

PS4.A in 6–8 builds on K–5 experiences 
and knowledge and progresses to... 

A simple wave model has a repeating 
pattern with a specific wavelength, 
frequency, and amplitude, and 
mechanical waves need a medium 
through which they are transmitted. This 
model can explain many phenomena 
including sound and light. Waves can 
transmit energy. 

PS4.B in 6–8 builds on K–5 experiences and 
knowledge and progresses to... 

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

PS4.C in 6–8 builds on K–5 experiences 
and knowledge and progresses to... 

PS4.A 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 type of 
wave and the medium through which it is 
passing. Waves can be used to transmit 
information and energy. 

PS4.B 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. 

PS4.C in 9–12 builds on K–8 experiences and 

https://www.nap.edu/read/13165/chapter/9#131
https://www.nap.edu/read/13165/chapter/9#133
https://www.nap.edu/read/13165/chapter/9#136
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K-2 3-5 6-8 9-12 

decode information.  Waves can be used to transmit digital 
information. Digitized information is 
comprised of a pattern of 1s and 0s. 

knowledge and progresses to  

Large amounts of information can be stored 
and shipped around as a result of being 
digitized. 

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the 

task, purpose, and audience. 
• LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the 

research question(s). 
• 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.RI.3 Evaluate an author’s perspective or purpose and how it contributes to the meaning, significance, or aesthetic of an 

informational text. 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. 

• 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. 

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

Mathematics Connections: 
• 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. 
• HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and 

interpret results in context. 
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• HS.A.1 Algebraic Relationships: Students will demonstrate and represent relationships with functions. 
• HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving 

linear and quadratic equations, and inequalities. 
• HS.A.3 Applications: Students will solve authentic problems using nonlinear functions. 
• HS.G.4 Logic and Proof: Students will use geometric definitions and theorems to reason abstractly and quantitatively. 
• HS.G.1 Attributes: Students will identify and describe geometric attributes, apply properties and theorems, and create two- 

dimensional shapes. 
• HS.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and 

organize data. 
• HS.D.2 Analyze Data and Interpret Results: Students will represent and analyze the data and interpret the results. 

Connection To Other Grade Level Indicators  

Authentic Connections to Other Content Standards: 
• NGSS High School Domains Model Course II  

• Physics Bundle 4: SC.HS.2.2a, SC.HS.2.2b, SC.HS.2.2c, SC.HS.2.2d, SC.HS.2.2e 
• OpenSciEd Standards Alignment 

• P.5 Electromagnetic Radiation: SC.HS.1.1.e, SC.HS.2.2a, SC.HS.2.2b, SC.HS.2.2c, SC.HS.2.2d, SC.HS.2.2e 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Device (e.g., solar cell, medical imaging, communication technology), Wave behavior, Wave interactions, Transmission, 

Capture, Photoelectric material, Binary Code, Frequency, wavelength, electromagnetic radiation, photon, photon energy, 
antenna, transmitter, receiver 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository 
• Utah 

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

https://www.nextgenscience.org/sites/default/files/HS%20Modified%20Domains%20Physics%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/
https://www.education.ne.gov/assessment/nscas-science/
https://docs.google.com/document/d/1lfdBkP0Uy_SYQOBdw_Ks-6cWgxhL0ldi2JSY-G0y9Vk/edit?usp=sharing
https://sipsassessments.org/
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Knowledge, Skills, and Abilities: 
• KSA 1: Understand the principles of wave behavior and how waves interact with matter. 
• KSA 2: Know how various technological devices use wave principles, including the photoelectric effect. 
• KSA 3: Use at least two different formats (oral, graphical, textual, mathematical) to effectively communicate technical 

information on how various technological devices use wave principles, including the photoelectric effect. 
• KSA 4: Fully describe at least two devices, including one that relies on the photoelectric effect, and cite sources appropriately. 
• KSA 5: Identify the wave behavior or photoelectric effect used by each device. 
• KSA 6: Describe the basic physics principles behind the operation of each device. 
• KSA 6: Conduct research to understand the design and development of technological devices based on wave principles. 
• KSA 7: Discuss the real-world problems or needs each device addresses and the importance of these devices to civilization. 
• KSA 8: Identify and communicate the cause-and-effect relationships that produce the functionality of each device. 
• KSA 9: Provide qualitative descriptions of how technological devices convert wave energy to usable forms (e.g., thermal energy, 

electric current). 
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Chemistry Indicators 

Topic Code: SC.HS.3 Structure and Properties of Matter 
Standard Code: SC.HS.3.3 Gather, analyze, and communicate evidence of the structure, properties, and 
interactions of matter.  

Atoms have substructures of their own including a small central nucleus containing protons and neutrons surrounded by a larger region 
containing electrons. The strong nuclear interaction provides the primary force that holds nuclei together. Without it, the 
electromagnetic forces between protons would make all nuclei other than hydrogen unstable. Processes of fusion, fission, and 
radioactive decay of unstable nuclei involve changes in nuclear binding energies. Elements are placed in columns and rows on the 
periodic table to reflect their common and repeating properties.  

Indicator Code: SC.HS.3.3.a 

Use the periodic table as a model to predict the relative properties of elements based on the patterns of electrons in the outermost 
energy level of atoms. Examples of properties that could be predicted from patterns could include reactivity of metals, types of bonds 
formed, numbers of bonds formed, and reactions with oxygen. Assessment is limited to main group elements. Assessment does not 
include quantitative understanding of ionization energy beyond relative trends. 

NGSS Comparison: HS-PS1-1 

Other Indicators in this Standard 

SC.HS.3.3.b, SC.HS.3.3.c, SC.HS.3.3.d 

Concepts and Skills to Master 

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

Modeling in 9–12 builds on K–8 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 worlds.  

• Use a model to predict the relationships between systems 
or between components of a system. 

Patterns: 
• 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.  

 

 

Disciplinary Core Idea (DCI) 

PS1.A: Structure and Properties of Matter: 
• Each atom has a charged substructure consisting of a nucleus, which is made of protons and neutrons, surrounded by 

electrons. (HS.3.3.A)  
• The periodic table orders elements horizontally by the number of protons in the atom’s nucleus and places those with similar 

chemical properties in columns. The repeating patterns of this table reflect patterns of outer electron states. 

PS2.B: Types of Interactions: 
• Attraction and repulsion between electric charges at the atomic scale explain the structure, properties, and transformations 

of matter, as well as the contact forces between material objects. (secondary to HS.3.3.A) 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Crystal caves of Mexico 
• Determine best material for a cell phone case 
• Best material for the structural engineering of a skyscraper 
• Designing a utility tool such as a screwdriver for an arctic exploration vs and ocean exploration 
• Why doesn’t plastic biodegrade? 
• Pool and lightning 
• Compare the various models of the atom 
• Evaluate data and/or results from Thomson’s or Rutherford’s experiments 

https://www.nap.edu/read/13165/chapter/9#106
https://www.nap.edu/read/13165/chapter/9#116
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• When an electron, alpha, or beta particle pass through a cathode ray tube with magnets, the rays bend, but gamma ray 
does not bend 

• When shown a mass spectra data for a mercury sample, there are different peaks  
• Notice the energy and height of peaks in several photoelectron spectra 

Evidence Statements 

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

HS.3.3.a  Use the periodic table as a model to predict the relative properties of elements based on the patterns of electrons in the 
outermost energy level of atoms.  
1. Components of the model 

A. From the given model, students identify and describe* the components of the model that are relevant for their 
predictions, including: 
• Elements and their arrangement in the periodic table; 
• A positively-charged nucleus composed of both protons and neutrons, surrounded by negatively-charged electrons; 
• Electrons in the outermost energy level of atoms (i.e., valence electrons); and 
• The number of protons in each element. 

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

• The arrangement of the main groups of the periodic table reflects the patterns of outermost electrons.  
• Elements in the periodic table are arranged by the numbers of protons in atoms. 

3. Connections 
A. Students use the periodic table to predict the patterns of behavior of the elements based on the attraction and repulsion 

between electrically charged particles and the patterns of outermost electrons that determine the typical reactivity of an 
atom.  

B. Students predict the following patterns of properties: 
• The number and types of bonds formed (i.e., ionic, covalent, metallic) by an element and between elements; 
• The number and charges in stable ions that form from atoms in a group of the periodic table; 
• The trend in reactivity and electronegativity of atoms down a group, and across a row in the periodic table, based on 

attractions of outermost (valence) electrons to the nucleus; and 
• The relative sizes of atoms both across a row and down a group in the periodic table. 
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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... 

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 and/or revise a 
model to show the 
relationships among 
variables, including those 
that are not observable but 
predict 

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 

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 

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 

Patterns in 6–8 builds on K–5 
experiences and progresses 
to... 

Patterns in rates of change 
and other numerical 
relationships can provide 
information about natural 

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

used as evidence. products. and human designed 
systems 

causality in explanations of 
phenomena. 

Disciplinary Core Ideas (DCIs): PS1.A: Structure and Properties of Matter, PS2.B: Types of Interactions 

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

PS1.A 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. 

PS2.B in K–2 builds on 
prior experiences and 
progresses to... 

Pushes and pulls can 
have different 
strengths and 
directions and can 

PS1.A 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. 

PS2.B in 3–5 builds on K–2 
experiences and progresses to... 

The effect of unbalanced forces 
on an object results in a change 
of motion. Patterns of motion can 
be used to predict future motion. 
Some forces act through contact, 
some forces act even when the 
objects are not in contact. The 
gravitational force of Earth acting 

PS1.A 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. 

PS2.B in 6-8 builds on K–5 
experiences and knowledge 
and progresses to... 

Forces that act at a distance 
involve fields that can be 
mapped by their relative 
strength and effect on an 
object. 

PS1.A 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. 

PS2.B in 9–12 builds on K–8 experiences 
and knowledge and progresses to... 

Forces at a distance are explained by 
fields that can transfer energy and can 
be described in terms of the 

https://www.nap.edu/read/13165/chapter/9#106
https://www.nap.edu/read/13165/chapter/9#116
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K-2 3-5 6-8 9-12 

change the speed or 
direction of its motion 
or start or stop it. 

on an object near Earth’s surface 
pulls that object toward the 
planet’s center. 

arrangement and properties of the 
interacting objects and the distance 
between them. These forces can be 
used to describe the relationship 
between electrical and magnetic fields. 

Related Cross-Curricular Standards: Current Grade Level  

ELA Connections: 
• LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the 

task, purpose, and audience. 
• LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the 

research question(s). 
• 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.10.RI.1 Analyze the development of two or more implied or explicit central ideas over the course of an informational text or 

texts. 
• LA.12.RI.1 Evaluate the development of central ideas over the course of an informational text or texts. 
• LA.12.RI.3 Evaluate an author’s perspective or purpose and how it contributes to the meaning, significance, or aesthetic of an 

informational text. 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. 

• 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. 

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

Mathematics Connections: 
• HS.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. 
• HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and 

interpret results in context. 
• HS.A.1 Algebraic Relationships: Students will demonstrate and represent relationships with functions. 
• HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving 

linear and quadratic equations, and inequalities. 
• HS.A.3 Applications: Students will solve authentic problems using nonlinear functions. 
• HS.G.4 Logic and Proof: Students will use geometric definitions and theorems to reason abstractly and quantitatively. 
• HS.G.1 Attributes: Students will identify and describe geometric attributes, apply properties and theorems, and create two- 

dimensional shapes. 
• HS.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and 

organize data. 
• HS.D.2 Analyze Data and Interpret Results: Students will represent and analyze the data and interpret the results. 

Connection To Other Grade Level Indicators 

Authentic Connections to Other Content Standards: 
• High School Domains Model Course II 

• Chemistry Bundle 2: SC.HS.5.5.a, SC.HS.5.5.b, SC.HS.5.5.f, SC.HS.8.3.f, SC.HS.12.2.c, SC.HS.13.3.e, SC.HS.15.5.f 
• OpenSciEd Standards Alignment 

• C.2 Structure and Properties of Matter: SC.HS.1.1d, C.HS.3.3a, SC.HS.3.3b, SC.HS.3.3d, SC.HS.4.4b, SC.HS.4.4f 
• C.3 Molecular Processes in Earth Systems: SC.HS.3.3a, SC.HS.3.3b, SC.HS.3.3d, SC.HS.5.5a, SC.HS.11.1b, SC.HS.13.3d, 

SC.HS.14.4c 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Atoms, Nucleus (positively-charged), Protons, Neutrons, Electrons (negatively-charged), Valence electrons, Periodic table, 

Elements, Elemental properties, Reactivity, Patterns, molecule, matter, atomic number, atomic symbol, atomic weight, atomic 
mass, isotope 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository  

https://www.nextgenscience.org/sites/default/files/HS%20Domains%20Course%201%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/
https://www.education.ne.gov/assessment/nscas-science/
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• Utah 

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

Knowledge, Skills, and Abilities: 

• KSA1: Students will identify and describe how elements are arranged in the periodic table model by increasing atomic number. 
• KSA2: Students will identify that elements are grouped on the periodic table model based on similar properties and patterns in 

their atomic structure. 
• KSA3: Students will describe that atoms consist of a positively charged nucleus (protons and neutrons) surrounded by negatively 

charged electrons. 
• KSA4: Students will identify that valence electrons are in the outermost energy level on the periodic table model and determine 

an element’s chemical behavior. 
• KSA5: Students will use the periodic table model to identify that elements in the same group have the same number of valence 

electrons. 
• KSA6: Students will describe how the number of valence electrons increases across a period, following a predictable pattern. 
• KSA7: Students predict whether an element is likely to form ionic, covalent, or metallic bonds based on its valence electrons and 

periodic table placement. 
• KSA8: Students will predict whether an element is likely to lose or gain electrons based on its group number. 
• KSA9: Students will determine the expected charge of an ion based on the number of electrons gained or lost to achieve a full 

outer energy level. 
• KSA10: Students will use the model to predict and describe how atomic radius decreases across a period due to increasing 

nuclear charge. 
• KSA 11: Students will use the model to predict and describe how atomic radius increases down a group due to the addition of 

energy levels. 
• KSA12: Students will use the periodic table model to predict how electronegativity increases across a period and decreases 

down a group due to nuclear attraction and shielding effects. 
• KSA13: Students will use the model to describe how reactivity trends differ for metals and nonmetals, explaining why alkali metals 

are highly reactive and noble gases are inert. 

https://docs.google.com/document/d/1TypdAjYkYZBoglqrcaRIA0Rls70KUwHJQ6IrdmrJw6U/edit?usp=sharing
https://sipsassessments.org/


  SC.HS.3.3.b  100  

Standard Code: SC.HS.3.3 Gather, analyze, and communicate evidence of the structure, properties, and 
interactions of matter. 

Atoms have substructures of their own including a small central nucleus containing protons and neutrons surrounded by a larger region 
containing electrons. The strong nuclear interaction provides the primary force that holds nuclei together. Without it, the 
electromagnetic forces between protons would make all nuclei other than hydrogen unstable. Processes of fusion, fission, and 
radioactive decay of unstable nuclei involve changes in nuclear binding energies. Elements are placed in columns and rows on the 
periodic table to reflect their common and repeating properties. 

Indicator Code: SC.HS.3.3.b 

Plan and conduct an investigation to gather evidence to compare the structure of substances at the macro scale to infer the strength 
of electrical forces between particles. Emphasis is on understanding the strengths of forces between particles, not on naming specific 
intermolecular forces (such as dipole-dipole). Examples of particles could include ions, atoms, molecules, and networked materials 
(such as graphite). Examples of bulk properties of substances could include the melting point and boiling point, vapor pressure, and 
surface tension. Assessment does not include Raoult’s law calculations of vapor pressure. 

NGSS Comparison: HS-PS1-3 

Other Indicators in this Standard 

SC.HS.3.3.a, SC.HS.3.3.c, SC.HS.3.3.d 

Concepts and Skills to Master 

Foundation Boxes: 

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

Planning and Carrying Out Investigations: 

Planning and carrying out investigations in 9-12 builds on K-8 
experiences and progresses to include investigations that provide 
evidence for and test conceptual, mathematical, physical, and 

Patterns: 
• 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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Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 
empirical models. 

• 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) 

PS1.A: Structure and Properties of Matter 
• The structure and interactions of matter at the bulk scale are determined by electrical forces within and between atoms. 

PS2.B: Types of Interactions 
• Attraction and repulsion between electric charges at the atomic scale explain the structure, properties, and transformations 

of matter, as well as the contact forces between material objects. (secondary) 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Crystal caves of Mexico 
• Determine best material for a cell phone case 
• Best material for the structural engineering of a skyscraper 
• Designing a utility tool such as a screwdriver for an arctic exploration vs and ocean exploration 
• Why doesn’t plastic biodegrade? 
• Pool and lightning 
• Iron after it rusts weighs more than it did before it rusted 
• Alkali metals combine with oxygen in a two-to-one ratio and alkaline earth metals combine with oxygen in a one-to-one ratio 
• Copper, gold, and silver are used in electrical wiring and sulfur, and noble gasses are used as insulators 

 

http://www.nap.edu/openbook.php?record_id=13165&page=106
http://www.nap.edu/openbook.php?record_id=13165&page=106
http://www.nap.edu/openbook.php?record_id=13165&page=116
http://www.nap.edu/openbook.php?record_id=13165&page=116
http://www.nap.edu/openbook.php?record_id=13165&page=116
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Evidence Statements 

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

HS.3.3.b  Plan and conduct an investigation to gather evidence to compare the structure of substances at the macro scale to infer the 
strength of electrical forces between particles. 
1. Identifying the phenomenon to be investigated 

A. Students describe* the phenomenon under investigation, which includes the following idea: the relationship between the 
measurable properties (e.g., melting point, boiling point, vapor pressure, surface tension) of a substance and the strength 
of the electrical forces between the particles of the substance. 

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 bulk properties of a substance (e.g., melting point and boiling point, volatility, surface tension) 
that would allow inferences to be made about the strength of electrical forces between particles.  

B. Students describe* why the data about bulk properties would provide information about strength of the electrical forces 
between the particles of the chosen substances, including the following descriptions*: 
• The spacing of the particles of the chosen substances can change as a result of the experimental procedure even if 

the identity of the particles does not change (e.g., when water is boiled the molecules are still present but further 
apart). 

• Thermal (kinetic) energy has an effect on the ability of the electrical attraction between particles to keep the particles 
close together. Thus, as more energy is added to the system, the forces of attraction between the particles can no 
longer keep the particles close together. 

• The patterns of interactions between particles at the molecular scale are reflected in the patterns of behavior at the 
macroscopic scale. 

• Together, patterns observed at multiple scales can provide evidence of the causal relationships between the strength 
of the electrical forces between particles and the structure of substances at the bulk scale. 

3. Planning for the investigation 
A. In the investigation plan, students include:  

• A rationale for the choice of substances to compare and a description* of the composition of those substances at the 
atomic molecular scale. 

• A description* of how the data will be collected, the number of trials, and the experimental set up and equipment 
required. 

B. Students describe* how the data will be collected, the number of trials, the experimental set up, and the equipment 
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required. 
4. Collecting the data 

A. Students collect and record data — quantitative and/or qualitative — on the bulk properties of substances. 
5. Refining the design 

A. Students evaluate their investigation, including evaluation of: 
• Assessing the accuracy and precision of the data collected, as well as the limitations of the investigation; and 
• The ability of the data to provide the evidence required. 

B. If necessary, students refine the plan to produce more accurate, precise, and useful 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... 

Make observations 
(firsthand or from media) 
and/or measurements to 
collect data that can be 
used to make 
comparisons 

Planning and Carrying 
Out Investigations in 3–5 
builds on K–2 experiences 
and progresses to... 

Make observations 
and/or measurements to 
produce data to serve as 
the basis for evidence for 
an explanation of a 
phenomenon or test a 
design solution. 

Planning and Carrying Out 
Investigations in 6-8 builds on 
K–5 experiences and 
progresses to... 

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. 

Crosscutting Concepts (CCCs): Patterns 
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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 in 6-8 builds on K–5 
experiences and progresses 
to... 

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

 Patterns can be used to 
identify cause and effect 
relationships. 

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 

Disciplinary Core Ideas (DCIs): PS1.A: Structure and Properties of Matter 

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

PS1.A 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 

PS1.A 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 

PS1.A 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 

PS1.A 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 

https://www.nap.edu/read/13165/chapter/9#106
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K-2 3-5 6-8 9-12 

from smaller parts. materials. conservation of matter must provide at least this energy to take the 
molecule apart. 

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the 

task, purpose, and audience. 
• LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the 

research question(s). 
• 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.10.RI.1 Analyze the development of two or more implied or explicit central ideas over the course of an informational text or 

texts. 
• LA.12.RI.1 Evaluate the development of central ideas over the course of an informational text or texts. 
• LA.12.RI.3 Evaluate an author’s perspective or purpose and how it contributes to the meaning, significance, or aesthetic of an 

informational text. 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. 

• 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. 

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

Mathematics Connections: 
• 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. 
• HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and 

interpret results in context. 
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• HS.A.1 Algebraic Relationships: Students will demonstrate and represent relationships with functions. 
• HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving 

linear and quadratic equations, and inequalities. 
• HS.A.3 Applications: Students will solve authentic problems using nonlinear functions. 
• HS.G.4 Logic and Proof: Students will use geometric definitions and theorems to reason abstractly and quantitatively. 
• HS.G.1 Attributes: Students will identify and describe geometric attributes, apply properties and theorems, and create two- 

dimensional shapes. 
• HS.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and 

organize data. 
• HS.D.2 Analyze Data and Interpret Results: Students will represent and analyze the data and interpret the results. 

Connection To Other Grade Level Indicators  

Authentic Connections to Other Content Standards: 
• High School Domains Model Course II 

• Chemistry Bundle 1: SC.HS.3.3.a, SC.HS.3.3.c, SC.HS.11.1.a, SC.HS.11.1.c 
• OpenSciEd Standards Alignment 

• C.2 Structure and Properties of Matter: SC.HS.1.1d, C.HS.3.3a, SC.HS.3.3b, SC.HS.3.3d, SC.HS.4.4b, SC.HS.4.4f 
• C.3 Molecular Processes in Earth Systems: SC.HS.3.3a, SC.HS.3.3b, SC.HS.3.3d, SC.HS.5.5a, SC.HS.11.1b, SC.HS.13.3d, 

SC.HS.14.4c 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Proton, electron, neutron, valence shell, metal, nonmetal, metalloid, group/family, period, atom, molecule, ion, matter, 

elements, pure substance, physical property, chemical property, atomic number, atomic symbol, atomic mass, formula, ionic 
bond, covalent bond, nucleus, molar mass, atomic radius, ionization energy, electronegativity, melting point, boiling point 

Assessment Considerations 

Formative Assessment:  
•  Formative Task Repository  
• Utah 

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

https://www.nextgenscience.org/sites/default/files/HS%20Domains%20Course%201%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/
https://www.education.ne.gov/assessment/nscas-science/
https://docs.google.com/document/d/1u4fVs7glCrra2PTUQVjxk5WkOA8CLssJ1IVKTxa059M/edit?usp=sharing
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• https://sipsassessments.org/  

Knowledge, Skills, and Abilities 

• KSA1: Students will describe the relationship between measurable bulk properties of a substance (e.g., melting point, boiling 
point, surface tension) and the strength of electrical forces between its particles. 

• KSA2: Students will identify and select substances for investigation based on their macroscopic properties to infer the strength of 
electrical forces at the molecular level. 

• KSA3: Students will develop an investigation plan to collect data on bulk properties of substances and use this data to infer 
particle interactions. 

• KSA4: Students will justify how collected data on bulk properties provide evidence of electrical forces between particles, 
including the role of energy in particle spacing and movement. 

• KSA5: Students will design and describe the experimental setup, including equipment, procedures, number of trials, and data 
collection methods to ensure reliable results. 

• KSA6: Students will collect and record both qualitative and quantitative data on the bulk properties of selected substances to 
identify patterns in intermolecular forces. 

• KSA7: Students will analyze collected data to identify patterns in macroscopic properties that reflect differences in particle 
interactions at the molecular scale. 

• KSA8: Students will explain how increasing thermal energy affects the spacing of particles and their ability to remain close due to 
electrical attraction. 

• KSA9: Students will evaluate the accuracy, precision, and limitations of the investigation, including potential sources of error and 
how they impact conclusions. 

• KSA10: Students will refine the investigation plan based on data analysis to improve precision, accuracy, and the strength of 
evidence supporting claims about electrical forces. 

https://sipsassessments.org/
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Standard Code: SC.HS.3.3 Gather, analyze, and communicate evidence of the structure, properties, and 
interactions of matter. 

Atoms have substructures of their own including a small central nucleus containing protons and neutrons surrounded by a larger region 
containing electrons. The strong nuclear interaction provides the primary force that holds nuclei together. Without it, the 
electromagnetic forces between protons would make all nuclei other than hydrogen unstable. Processes of fusion, fission, and 
radioactive decay of unstable nuclei involve changes in nuclear binding energies. Elements are placed in columns and rows on the 
periodic table to reflect their common and repeating properties. 

Indicator Code: SC.HS.3.3.c 

Develop models to illustrate the changes in the composition of the nucleus of the atom and the energy released during the processes 
of fission, fusion, and radioactive decay. Emphasis is on simple qualitative models, such as pictures or diagrams, and on the scale of 
energy released in nuclear processes relative to other kinds of transformations. Assessment does not include quantitative calculation of 
energy released. Assessment is limited to alpha, beta, and gamma radioactive decays. 

NGSS Comparison: HS-PS1-8 

Other Indicators in this Standard 

SC.HS.3.3.a, SC.HS.3.3.b, SC.HS.3.3.d 

Concepts and Skills to Master 

Foundation Boxes: 

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

Developing and Using Models: 

Modeling in 9–12 builds on K–8 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 
worlds.  

Energy and Matter: 
• In nuclear processes, atoms are not conserved, 

but the total number of protons plus neutrons is 
conserved.  
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 
• Develop a model based on evidence to illustrate the relationships 

between systems or between components of a system. 

 

Disciplinary Core Idea (DCI) 

PS1.C: Nuclear Processes:  
• Nuclear processes, including fusion, fission, and radioactive decays of unstable nuclei, involve release or absorption of energy. 

The total number of neutrons plus protons does not change in any nuclear process. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• The earth’s core remains hot despite losing energy to the surface 
• A uranium fuel pellet is the size of a thimble and produces as much energy as 1 ton of coal or 149 gallons of oil 
• One kilogram of explosive TNT can destroy a small vehicle, whereas an atomic bomb has the energy of 1 kiloton = explosive 

force of 1,000 tons TNT, and a thermonuclear bomb has the energy of 1 megaton = explosive force of 1,000,000 tons TNT 
• Medical equipment is sterilized by ionizing radiation (decay of radioactive isotopes) 
• Radioisotopes used to diagnose medical conditions 
• Medical treatments using radioactive isotopes: Decay of Co-60 for tumor radiation, I-125 as prostate cancer “seed implants”, 

or Ir-192 as breast cancer “wire implants” 

Evidence Statements 

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

HS.3.3.c Develop models to illustrate the changes in the composition of the nucleus of the atom and the energy released during the 
processes of fission, fusion, and radioactive decay. 
1. Components of the model 

A. Students develop models in which they identify and describe* the relevant components of the models, including: 
• Identification of an element by the number of protons;  
• The number of protons and neutrons in the nucleus before and after the decay; 
• The identity of the emitted particles (i.e., alpha, beta — both electrons and positrons, and gamma); and 

https://www.nap.edu/read/13165/chapter/9#111
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• The scale of energy changes associated with nuclear processes, relative to the scale of energy changes associated 
with chemical processes. 

2. Relationships 
A. Students develop five distinct models to illustrate the relationships between components underlying the nuclear processes 

of 1) fission, 2) fusion and 3) three distinct types of radioactive decay. 
B. Students include the following features, based on evidence, in all five models: 

• The total number of neutrons plus protons is the same both before and after the nuclear process, although the total 
number of protons and the total number of neutrons may be different before and after. 

• The scale of energy changes in a nuclear process is much larger (hundreds of thousands or even millions of times 
larger) than the scale of energy changes in a chemical process.  

3. Connections 
A. Students develop a fusion model that illustrates a process in which two nuclei merge to form a single, larger nucleus with 

a larger number of protons than were in either of the two original nuclei. 
B. Students develop a fission model that illustrates a process in which a nucleus splits into two or more fragments that each 

have a smaller number of protons than were in the original nucleus. 
C. In both the fission and fusion models, students illustrate that these processes may release energy and may require initial 

energy for the reaction to take place. 
D. Students develop radioactive decay models that illustrate the differences in type of energy (e.g., kinetic energy, 

electromagnetic radiation) and type of particle (e.g., alpha particle, beta particle) released during alpha, beta, and 
gamma radioactive decay, and any change from one element to another that can occur due to the process. 

E. Students develop radioactive decay models that describe* that alpha particle emission is a type of fission reaction, and 
that beta and gamma emission are not. 

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 

Developing and Using Models in 
3–5 builds on K–2 experiences 

Developing and Using 
Models in 6-8 builds on K–5 

Developing and Using Models in 
9-12 builds on K–8 experiences 
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K-2 3-5 6-8 9-12 

experiences and progresses 
to... 

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

and progresses to... 

Collaboratively develop and/or 
revise a model based on 
evidence that shows the 
relationships among variables 
for frequent and reg 

experiences and progresses 
to... 

Develop and/or revise a 
model to show the 
relationships among 
variables, including those 
that are not observable but 
predict 

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. 

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 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 transported into, out 
of, and within systems. 

Energy and Matter in 
6-8 builds on K–5 
experiences and 
progresses to... 

Matter is conserved 
because atoms are 
conserved in physical 
and chemical 
processes 

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 (DCIs): PS1.C: Nuclear Processes 

 

https://www.nap.edu/read/13165/chapter/9#111
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K-2 3-5 6-8 9-12 

PS1.C 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. 

PS1.C 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 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 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. 

Related Cross-Curricular Standards: Current Grade Level  

ELA Connections: 
• LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the 

task, purpose, and audience. 
• LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the 

research question(s). 
• 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.10.RI.1 Analyze the development of two or more implied or explicit central ideas over the course of an informational text or 

texts. 
• LA.12.RI.1 Evaluate the development of central ideas over the course of an informational text or texts. 
• LA.12.RI.3 Evaluate an author’s perspective or purpose and how it contributes to the meaning, significance, or aesthetic of an 

informational text. 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. 
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• 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. 

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

Mathematics Connections: 
• 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. 
• HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and 

interpret results in context. 
• HS.A.1 Algebraic Relationships: Students will demonstrate and represent relationships with functions. 
• HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving 

linear and quadratic equations, and inequalities. 
• HS.A.3 Applications: Students will solve authentic problems using nonlinear functions. 
• HS.G.4 Logic and Proof: Students will use geometric definitions and theorems to reason abstractly and quantitatively. 
• HS.G.1 Attributes: Students will identify and describe geometric attributes, apply properties and theorems, and create two- 

dimensional shapes. 
• HS.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and 

organize data. 
• HS.D.2 Analyze Data and Interpret Results: Students will represent and analyze the data and interpret the results. 

Connection To Other Grade Level Indicators 

Authentic Connections to Other Content Standards: 
• High School Domains Model Course II 

• Chemistry Bundle 1: SC.HS.3.3.a, SC.HS.3.3.c, SC.HS.11.1.a, SC.HS.11.1.c 
• OpenSciEd Standards Alignment 

• P.2 Energy, Forces and Earth’s Crust: SC.HS.1.1.a, SC.HS.3.3c, SC.HS.13.3b, SC.HS.14.4a, SC.HS.14.4c  
• P.6 Stars & the Big Bang: SC.HS.3.3c, SC.HS.11.1a, SC.HS.11.b, SC.HS.11.1c 
• C.5 Energy from Chemical & Nuclear Reactions: SC.HS.3.3.c, SC.HS.4.4.a, SC.HS.4.4b, SC.HS.4.4.d, SC.HS.4.4f, SC.HS.5.5.b, 

SC.HS.15.5a, SC.HS.15.5b, SC.HS.15.5d 

https://www.nextgenscience.org/sites/default/files/HS%20Domains%20Course%201%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/
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Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Nuclear processes, nucleus, neutrons, protons, atom, energy and matter, fission, fusion, radioactive decay, chemical reaction, 

chemical potential energy, potential energy, alpha, beta, gamma, positron 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository  
• Utah 

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

Knowledge, Skills, and Abilities: 
• KSA1: Students will identify and describe the components of an atomic nucleus to develop a model, including protons, neutrons, 

and their role in defining an element. 
• KSA2: Students will develop a model to represent changes in the number of protons and neutrons during nuclear processes, 

including fission, fusion, and radioactive decay. 
• KSA3: Students will illustrate the emission of different particles (alpha, beta, and gamma) during radioactive decay and describe 

their effects on the nucleus. 
• KSA4: Students will compare the scale of energy released in nuclear reactions to that of chemical reactions using models. 
• KSA5: Students will construct models to demonstrate how fusion combines two nuclei to form a larger nucleus and releases 

energy. 
• KSA6: Students will develop a model to show how fission splits a nucleus into smaller fragments, releasing energy in the process. 
• KSA7: Students will create and refine models that illustrate the role of energy input in initiating fission and fusion reactions. 
• KSA8: Students will model the transformation of elements due to radioactive decay, explaining how alpha and beta decay 

result in a change of atomic number. 
• KSA9: Students will differentiate between fission and fusion in terms of nuclear stability, energy release, and real-world 

applications. 
• KSA10: Students will use models to explain that alpha decay is a type of fission reaction, while beta and gamma decay do not 

involve nucleus splitting. 

https://www.education.ne.gov/assessment/nscas-science/
https://docs.google.com/document/d/1Xx7NSmEPD7C8oS9pVqhPzmIbFX3Xcc_coJx-BhYXbqo/edit
https://sipsassessments.org/
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Standard Code: SC.HS.3.3 Gather, analyze, and communicate evidence of the structure, properties, and 
interactions of matter. 

Atoms have substructures of their own including a small central nucleus containing protons and neutrons surrounded by a larger region 
containing electrons. The strong nuclear interaction provides the primary force that holds nuclei together. Without it, the 
electromagnetic forces between protons would make all nuclei other than hydrogen unstable. Processes of fusion, fission, and 
radioactive decay of unstable nuclei involve changes in nuclear binding energies. Elements are placed in columns and rows on the 
periodic table to reflect their common and repeating properties. 

Indicator Code: SC.HS.3.3.d 

Communicate scientific and technical information about why the molecular-level structure is important in the functioning of designed 
materials. Emphasis is on the attractive and repulsive forces that determine the functioning of the material. Examples could include 
why electrically conductive materials are often made of metal, flexible but durable materials are made up of long chained molecules, 
and pharmaceuticals are designed to interact with specific receptors. Assessment is limited to provided molecular structures of specific 
designed materials.  

NGSS Comparison: HS-PS2-6 

Other Indicators in this Standard 

SC.HS.3.3.a, SC.HS.3.3.b, SC.HS.3.3.d 

Concepts and Skills to Master 

Foundation Boxes: 

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

Obtaining, Evaluating, and Communicating Information: 

Obtaining, evaluating, and communicating information in 9–12 
builds on K–8 and progresses to evaluating the validity and 
reliability of the claims, methods, and designs. 

Structure and Function: 
• Investigating or designing new systems or structures 

requires a detailed examination of the properties of 
different materials, the structures of different 
components, and connections of components to reveal 
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 
• Communicate scientific and technical information (e.g., 

about the process of development and the design and 
performance of a proposed process or system) in multiple 
formats (including orally, graphically, textually, and 
mathematically). 

its function and/or solve a problem.  

 

 

Disciplinary Core Idea (DCI) 

PS1.A: Structure and Properties of Matter: 
• The structure and interactions of matter at the bulk scale are determined by electrical forces within and between atoms. 

(secondary to HS.3.3.D) 

PS2.B: Types of Interactions: 
• Attraction and repulsion between electric charges at the atomic scale explain the structure, properties, and transformations 

of matter, as well as the contact forces between material objects. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Indestructible Coating 
• Aerogels - World’s Lightest Solids 
• Reusable Heat Packs 
• Slime 

Evidence Statements 

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

HS.3.3.d  Communicate scientific and technical information about why the molecular-level structure is important in the functioning of 
designed materials. 
1. Communication style and format  

A. Students use at least two different formats (including oral, graphical, textual and mathematical) to communicate 
scientific and technical information, including fully describing* the structure, properties, and design of the chosen 
material(s). Students cite the origin of the information as appropriate. 

https://www.nap.edu/read/13165/chapter/9#106
https://www.nap.edu/read/13165/chapter/9#116
https://thewonderofscience.com/phenomenon/2018/7/9/indestructible-coating-polyurea
https://thewonderofscience.com/phenomenon/2018/7/9/aerogels-worlds-lightest-solids
https://thewonderofscience.com/phenomenon/2018/7/8/reusable-heat-packs
https://thewonderofscience.com/phenomenon/2018/5/13/slime
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2. Connecting the DCIs and the CCCs 
A. Students identify and communicate the evidence for why molecular level structure is important in the functioning of 

designed materials, including: 
• How the structure and properties of matter and the types of interactions of matter at the atomic scale determine the 

function of the chosen designed material(s); and 
• How the material’s properties make it suitable for use in its designed function. 

B. Students explicitly identify the molecular structure of the chosen designed material(s) (using a representation appropriate 
to the specific type of communication — e.g., geometric shapes for drugs and receptors, ball and stick models for long-
chained molecules). 

C. Students describe* the intended function of the chosen designed material(s). 
D. Students describe* the relationship between the material’s function and its macroscopic properties (e.g., material 

strength, conductivity, reactivity, state of matter, durability) and each of the following: 
• Molecular level structure of the material; 
• Intermolecular forces and polarity of molecules; and 
• The ability of electrons to move relatively freely in metals. 

E. Students describe* the effects that attractive and repulsive electrical forces between molecules have on the 
arrangement (structure) of the chosen designed material(s) of molecules (e.g., solids, liquids, gases, network solid, 
polymers). 

F. Students describe* that, for all materials, electrostatic forces on the atomic and molecular scale results in contact forces 
(e.g., friction, normal forces, stickiness) on the macroscopic scale. 

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 

Obtaining, Evaluating, and 
Communicating 
Information in 3–5 builds on 
K–2 experiences and 

Obtaining, Evaluating, and 
Communicating 
Information in 6-8 builds on 
K–5 experiences and 

Obtaining, Evaluating, and 
Communicating Information 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... 

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, 
and/or design ideas. 

progresses to... 

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

progresses to... 

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

experiences. 

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

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 to... 

Different materials 
have different 
substructures, which 
can sometimes be 
observed 

Structure and Function in 6-8 builds on K–5 
experiences and progresses to... 

Complex and microscopic structures and 
systems can be visualized, modeled, and used 
to describe how their function depends on the 
shapes, composition, and relationships among 
its parts; therefore, complex natural and 
designed structures/systems can be analyzed to 
determine how they function. 

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

Investigating or designing new 
systems or structures requires a 
detailed examination of the 
properties of different materials, the 
structures of different components, 
and connections of components to 
reveal its function and/or solve a 
problem. 
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Disciplinary Core Ideas (DCIs): PS1.A: Structure and Properties of Matter, PS2.B: Types of Interactions 

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

PS1.A 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. 

PS2.B in K–2 builds on prior 
experiences and 
progresses to... 

Pushes and pulls can have 
different strengths and 
directions and can change 
the speed or direction of its 
motion or start or stop it. 

PS1.A 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. 

PS2.B in 3–5 builds on K–2 
experiences and progresses 
to... 

The effect of unbalanced 
forces on an object results in 
a change of motion. Patterns 
of motion can be used to 
predict future motion. Some 
forces act through contact, 
some forces act even when 
the objects are not in 
contact. The gravitational 
force of Earth acting on an 
object near Earth’s surface 

PS1.A 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. 

PS2.B in 6-8 builds on K–5 
experiences and knowledge 
and progresses to... 

Forces that act at a distance 
involve fields that can be 
mapped by their relative 
strength and effect on an 
object. 

PS1.A 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. 

PS2.B in 9–12 builds on K–8 experiences 
and knowledge and progresses to... 

Forces at a distance are explained by 
fields that can transfer energy and can 
be described in terms of the 
arrangement and properties of the 
interacting objects and the distance 
between them. These forces can be 
used to describe the relationship 
between electrical and magnetic fields. 
 

https://www.nap.edu/read/13165/chapter/9#106
https://www.nap.edu/read/13165/chapter/9#116
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K-2 3-5 6-8 9-12 

pulls that 

Related Cross-Curricular Standards: Current Grade Level  

ELA Connections: 
• LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the 

task, purpose, and audience. 
• LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the 

research question(s). 
• 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.10.RI.1 Analyze the development of two or more implied or explicit central ideas over the course of an informational text or 

texts. 
• LA.12.RI.1 Evaluate the development of central ideas over the course of an informational text or texts. 
• LA.12.RI.3 Evaluate an author’s perspective or purpose and how it contributes to the meaning, significance, or aesthetic of an 

informational text. 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. 

• 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. 

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

Mathematics Connections: 
• 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. 
• HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and 

interpret results in context. 
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• HS.A.1 Algebraic Relationships: Students will demonstrate and represent relationships with functions. 
• HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving 

linear and quadratic equations, and inequalities. 
• HS.A.3 Applications: Students will solve authentic problems using nonlinear functions. 
• HS.G.4 Logic and Proof: Students will use geometric definitions and theorems to reason abstractly and quantitatively. 
• HS.G.1 Attributes: Students will identify and describe geometric attributes, apply properties and theorems, and create two- 

dimensional shapes. 
• HS.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and 

organize data. 
• HS.D.2 Analyze Data and Interpret Results: Students will represent and analyze the data and interpret the results. 

Connection To Other Grade Level Indicators 

Authentic Connections to Other Content Standards: 
• High School Domains Model Course II 

• Chemistry Bundle 1: SC.HS.3.3.a, SC.HS.3.3.c, SC.HS.11.1.a, SC.HS.11.1.c 
• OpenSciEd Standards Alignment 

• C.2 Structure and Properties of Matter: SC.HS.1.1d, SC.HS.3.3a, SC.HS.3.3b, SC.HS.4.4b, SC.HS.4.4f 
• C.3 Molecular Processes in Earth Systems: SC.HS.3.3a, SC.HS.3.3b, SC.HS.5.5a, SC.HS.11.1b, SC.HS.13.3d, SC.HS.14.4c 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Designed materials, electric charges, intermolecular forces, electrons, molecular-level structure, macroscopic properties, 

structure and function 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository  

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

Knowledge, Skills, and Abilities: 
• KSA1: Students will identify and describe the molecular-level structure of a designed material using appropriate representations, 

https://www.nextgenscience.org/sites/default/files/HS%20Domains%20Course%201%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/
https://www.education.ne.gov/assessment/nscas-science/
https://sipsassessments.org/
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such as ball-and-stick models or geometric shapes. 
• KSA2: Students will communicate the structure, properties, and design of a chosen material using at least two different formats 

(e.g., oral, graphical, textual, or mathematical). 
• KSA3: Students will explain how the structure and properties of matter at the atomic scale determine the function of a designed 

material. 
• KSA4: Students will analyze and describe the relationship between the molecular structure of a material and its macroscopic 

properties, such as strength, conductivity, and reactivity. 
• KSA5: Students will evaluate the role of intermolecular forces and molecular polarity in determining the function and 

performance of a designed material. 
• KSA6: Students will describe how the ability of electrons to move freely in metals affects material properties like conductivity and 

strength. 
• KSA7: Students will explain how attractive and repulsive electrical forces influence the structure and arrangement of molecules 

in different materials (e.g., solids, liquids, gases, network solids, polymers). 
• KSA8: Students will describe how electrostatic forces at the atomic and molecular scale result in macroscopic contact forces, 

such as friction and stickiness. 
• KSA9: Students will cite sources and evaluate the reliability of scientific and technical information used to describe molecular 

structure-function relationships in designed materials. 
• KSA10: Students will justify why a designed material’s molecular structure makes it suitable for its intended function based on 

scientific evidence. 
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Chemistry & Physics Indicators 

Topic Code: SC.HS.4 Energy 
Standard Code: SC.HS.4.4 Gather, analyze, and communicate evidence of the interactions of energy.  

A system’s total energy is conserved as energy is continually transferred from one particle to another and between its various possible 
forms. The energy of a system depends on the motion and interactions of matter and radiation within that system. When bonds are 
formed between atoms, energy is released. Energy must be provided when bonds are broken. When electromagnetic radiation with 
longer wavelengths is absorbed by matter, it is generally converted into thermal energy or heat. When visible light is absorbed by 
matter, it results in phenomena related to color. When shorter wavelength electromagnetic radiation is absorbed by matter, it can 
ionize atoms and cause damage to living cells. Nuclear processes, including fusion, fission, and radioactive decays of unstable nuclei, 
involve the release or absorption of large amounts of energy. Society’s demand for energy requires thinking creatively about ways to 
provide energy that don’t deplete limited resources or produce harmful emissions. 

Indicator Code: SC.HS.4.4.a 

Create a computational model to calculate the change in the energy of one component in a system when the change in energy of 
the other component(s) and energy flows in and out of the system are known. Emphasis is on explaining the meaning of mathematical 
expressions used in the model. Computational modeling is the use of computers to simulate and study complex systems using 
mathematics, physics and computer science models. Assessment is limited to basic algebraic expressions or computations; to systems 
of two or three components; and to thermal energy, kinetic energy, and/or the energies in gravitational, magnetic, or electric fields. 

NGSS Comparison: HS-PS3-1 

Other Indicators in this Standard 

SC.HS.4.4.b, SC.HS.4.4.c, SC.HS.4.4.d, SC.HS.4.4.e, SC.HS.4.4.f 

Concepts and Skills to Master 

Foundation Boxes: 
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 

Using Mathematics and Computational Thinking: 
Mathematical and computational thinking at the 9–12 level 
builds on K–8 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. 

• Create a computational model or simulation of a 
phenomenon, designed device, process, or system. 

Systems and System Models: 
• Models can be used to predict the behavior of a system, 

but these predictions have limited precision and reliability 
due to the assumptions and approximations inherent in 
models 

 

Connections to Engineering, Technology, and Applications of 
Science 

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

• Science assumes the universe is a vast single system in 
which basic laws are consistent. 

 Connections to Nature of Science 

Scientific Knowledge Assumes an Order and Consistency in 
Natural Systems: 
 Science assumes the universe is a vast single system in 

which basic laws are consistent. 

 

Disciplinary Core Idea (DCI) 

PS3.B: Conservation of Energy and Energy Transfer: 
 Conservation of energy means that the total change of energy in any system is always equal to the total energy transferred 

into or out of the system.  
 Energy cannot be created or destroyed, but it can be transported from one place to another and transferred between 

systems.  

https://www.nap.edu/read/13165/chapter/9#124
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 Mathematical expressions, which quantify how the stored energy in a system depends on its configuration (e.g., relative 
positions of charged particles, compression of a spring) and how kinetic energy depends on mass and speed, allow the 
concept of conservation of energy to be used to predict and describe system behavior.  

 The availability of energy limits what can occur in any system. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Windmills can generate electricity.  
• When the brakes are pressed in a hybrid car, the battery is recharged. 
• To cool off the house on a hot day, I run the air conditioner.  
• When my refrigerator is running, I feel warm air being blown on my feet. 
• A picture of a bouncing basketball produced by a strobe light as the ball gets less height out of each bounce. 
• Placing a rolling object at various heights on a ramp and observing how far it rolls after leaving the ramp. 
• More massive objects rolling down a ramp go farther than less massive objects. 
• A chemical reaction of vinegar and baking soda is used to expand a piston or produce thrust for a toy car. 
• A mechanically driven generator can produce light from a light bulb. 
• Stretching a spring or elastic band can be used to lift objects or launch a projectile 
• Chloe Cunliffe Olympic Hopeful (https://www.youtube.com/watch?v=TVouF0LwJqc) 

Evidence Statements 

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

HS.4.4.a  Create a computational model to calculate the change in the energy of one component in a system when the change in 
energy of the other component(s) and energy flows in and out of the system are known. 
1. Representation 

A. Students identify and describe* the components to be computationally modeled, including: 
• The boundaries of the system and that the reference level for potential energy = 0 (the potential energy of the initial or 

final state does not have to be zero); 
• The initial energies of the system’s components (e.g., energy in fields, thermal energy, kinetic energy, energy stored in 

springs — all expressed as a total amount of Joules in each component), including a quantification in an algebraic 
description to calculate the total initial energy of the system; 

• The energy flows in or out of the system, including a quantification in an algebraic description with flow into the system 
defined as positive; and 

• The final energies of the system components, including a quantification in an algebraic description to calculate the 



  SC.HS.4.4.a 126  

total final energy of the system. 
2. Computational Modeling 

A. Students use the algebraic descriptions of the initial and final energy state of the system, along with the energy flows to 
create a computational model (e.g., simple computer program, spreadsheet, simulation software package application) 
that is based on the principle of the conservation of energy. 

B. Students use the computational model to calculate changes in the energy of one component of the system when 
changes in the energy of the other components and the energy flows are known. 

3. Analysis 
A. Students use the computational model to predict the maximum possible change in the energy of one component of the 

system for a given set of energy flows. 
B. Students identify and describe* the limitations of the computational model, based on the assumptions that were made in 

creating the algebraic descriptions of energy changes and flows in the system. 

Critical Background Knowledge 

Grade Band Progressions:  

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

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

Using mathematics and 
Computational Thinking in K–
2 builds on prior experiences 
and progresses to... 

Decide when to use 
qualitative vs. quantitative 
data. 

Using mathematics and 
Computational Thinking in 3–5 
builds on K–2 experiences and 
progresses to... 

Decide if qualitative or 
quantitative data are best to 
determine whether a proposed 
object or tool meets criteria for 
success. 

Using mathematics and 
Computational Thinking in 6-
8 builds on K–5 experiences 
and progresses to... 

Use digital tools (e.g., 
computers) to analyze very 
large data sets for patterns 
and trends. 

Using mathematics and 
Computational Thinking in 9-12 
builds on K–8 experiences and 
progresses to college or career 
experiences. 

Create a computational model or 
simulation of a phenomenon, 
designed device, process, or 
system. 
 

Crosscutting Concepts (CCCs): Systems and System Models 
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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; and 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 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 to... 

They can use models to represent systems 
and their interactions—such as inputs, 
processes and outputs—and energy, matter, 
and information flow within systems. They can 
also learn that models are limited in that they 
only represent certain aspects of the system 
under study. 

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

They can use models to 
simulate the flow of energy, 
matter, and interactions within 
and between systems at 
different scales. 
 

Disciplinary Core Ideas (DCIs): PS3.B: Conservation of Energy and Energy Transfer 

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

PS3.B in K–2 builds 
on prior 
experiences and 
progresses to... 

N/A 

PS3.B in 3–5 builds on K–2 
experiences and progresses to... 

Moving objects contain energy. 
The faster the object moves, the 
more energy it has. Energy can 
be moved from place to place 
by moving objects, or through 
sound, light, or electrical currents. 
Energy can be converted from 
one form to another form 

PS3.B in 6-8 builds on K–5 experiences and 
knowledge and progresses to... 

Kinetic energy can be distinguished from 
the various forms of potential energy. 
Energy changes to and from each type 
can be tracked through physical or 
chemical interactions. The relationship 
between the temperature and the total 
energy of a system depends on the types, 
states, and amounts of matter 

PS3.B in 9–12 builds on K–8 
experiences and knowledge 
and progresses to... 

The total energy within a system 
is conserved. Energy transfer 
within and between systems 
can be described and 
predicted in terms of energy 
associated with the motion or 
configuration of particles 
(objects). 

https://www.nap.edu/read/13165/chapter/9#124
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Related Cross-Curricular Standards: Current Grade Level  

ELA Connections: 
• LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the 

task, purpose, and audience. 
• LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the 

research question(s). 
• 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.10.RI.1 Analyze the development of two or more implied or explicit central ideas over the course of an informational text or 

texts. 
• LA.12.RI.1 Evaluate the development of central ideas over the course of an informational text or texts. 
• LA.12.RI.3 Evaluate an author’s perspective or purpose and how it contributes to the meaning, significance, or aesthetic of an 

informational text. 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. 

• 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. 

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

Mathematics Connections: 
• 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. 
• HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and 

interpret results in context. 
• HS.A.1 Algebraic Relationships: Students will demonstrate and represent relationships with functions. 
• HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving 

linear and quadratic equations, and inequalities. 
• HS.A.3 Applications: Students will solve authentic problems using nonlinear functions. 
• HS.G.4 Logic and Proof: Students will use geometric definitions and theorems to reason abstractly and quantitatively. 
• HS.G.1 Attributes: Students will identify and describe geometric attributes, apply properties and theorems, and create two- 

dimensional shapes. 
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• HS.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and 
organize data. 

• HS.D.2 Analyze Data and Interpret Results: Students will represent and analyze the data and interpret the results. 

Connection To Other Grade Level Indicators 

Authentic Connections to Other Content Standards: 
• High School Domains Model Course II 

o Chemistry Bundle 3: SC.HS.1.1.e, SC.HS.4.4a, SC.HS.4.4c, SC.HS.4.4e 
• OpenSciEd Standards Alignment 

o P.1 Energy Flow from Earth’s Systems: SC.HS.1.1.b, SC.HS.4.4a, SC.HS.4.4b, SC.HS.4.4c, SC.HS.4.4f, SC.HS.7.2.f, SC.HS.15.5b, 
SC.HS.15.5.e 

o P.4 Meteors, Orbits, and Gravity: SC.HS.1.1.d, SC.HS.4.4a, SC.HS.4.4b, SC.HS.11.1d, SC.HS.14.4b  
o C.1 Thermodynamics in Earth’s System: SC.HS.4.4a, SC.HS.4.4.e, SC.HS.12.2b, SC.HS.12.2c, SC.HS.13.3a, SC.HS.14.4d, 

SC.HS.15.5a, SC.HS.15.5f 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• System and surroundings, Energy flow, Macroscopic energy (e.g., motion, light, sound, thermal energy, potential energy or 

energy in fields), Microscopic energy (including motion of particles (e.g., nuclei and electrons), position of particles (potential 
energy) in fields, energy in fields), Conservation of energy, Energy and Matter 

Assessment Considerations 

Formative Assessment: 
• Formative Assessment Repository  
• Utah 

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

Knowledge, Skills, and Abilities: 
• KSA 1: Develop a mathematical model that represents the energy components of a system, defining system boundaries and 

identifying the initial and final states of energy, including potential, kinetic, thermal, and stored energy. 

https://www.nextgenscience.org/sites/default/files/HS%20Domains%20Course%201%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/
https://www.education.ne.gov/assessment/nscas-science/
https://docs.google.com/document/d/194RyYs1vkrEsUKWmp3DfCcL6Gk2c3n4BUxjRmJ6Hkdo/edit?usp=sharing
https://sipsassessments.org/


  SC.HS.4.4.a 130  

• KSA 2: Use a mathematical model to predict how the energy of one component in a system changes when the energy of other 
components and the energy flows in and out of the system are known. 

• KSA 3: Create a computational model (spreadsheet, program coding, modeling software, or graphing calculator) that uses 
algebraic descriptions of energy states and energy flows to calculate changes in the energy of a system’s components. 

• KSA 4: Use a computational model to analyze how changes in one component’s energy impact the overall system, identifying 
patterns in energy conservation and transformation. 

• KSA 5: Evaluate a computational model’s ability to predict maximum possible changes in energy within a system, identifying its 
assumptions and limitations in representing real-world energy conservation scenarios. 

• KSA 6: Refine a computational model by adjusting system boundaries, initial conditions, or energy flow variables to improve its 
accuracy in predicting energy transformations. 
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Standard Code: SC.HS.4.4 Gather, analyze, and communicate evidence of the interactions of energy. 

A system’s total energy is conserved as energy is continually transferred from one particle to another and between its various possible 
forms. The energy of a system depends on the motion and interactions of matter and radiation within that system. When bonds are 
formed between atoms, energy is released. Energy must be provided when bonds are broken. When electromagnetic radiation with 
longer wavelengths is absorbed by matter, it is generally converted into thermal energy or heat. When visible light is absorbed by 
matter, it results in phenomena related to color. When shorter wavelength electromagnetic radiation is absorbed by matter, it can 
ionize atoms and cause damage to living cells. Nuclear processes, including fusion, fission, and radioactive decays of unstable nuclei, 
involve the release or absorption of large amounts of energy. Society’s demand for energy requires thinking creatively about ways to 
provide energy that don’t deplete limited resources or produce harmful emissions. 

Indicator Code: SC.HS.4.4.b 

Develop and use models to illustrate that energy at the macroscopic scale can be accounted for as a combination of energy 
associated with the motion of particles (objects) and energy associated with the relative positions of particles (objects). Examples of 
phenomena at the macroscopic scale could include the conversion of kinetic energy to thermal energy, the energy stored due to 
position of an object above the earth, and the energy stored between two electrically charged plates. Examples of models could 
include diagrams, drawings, descriptions, and computer simulations.  

NGSS Comparison: HS-PS3-2 

Other Indicators in this Standard 

SC.HS.4.4.a, SC.HS.4.4.c, SC.HS.4.4.d, SC.HS.4.4.e, SC.HS.4.4.f 

Concepts and Skills to Master 

Foundation Boxes: 

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

Developing and Using Models: Energy and Matter: 
 Energy cannot be created or destroyed—only moves 
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 

Modeling in 9–12 builds on K–8 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 worlds. 
 Develop and use a model based on evidence to illustrate 

the relationships between systems or between 
components of a system.  

between one place and another place, between objects 
and/or fields, or between systems.  

 

 

Disciplinary Core Idea (DCI) 

PS3.A: Definitions of Energy: 
• Energy is a quantitative property of a system that depends on the motion and interactions of matter and radiation within that 

system. That there is a single quantity called energy is due to the fact that a system’s total energy is conserved, even as, within 
the system, energy is continually transferred from one object to another and between its various possible forms. 

• At the macroscopic scale, energy manifests itself in multiple ways, such as in motion, sound, light, and thermal energy. 
• These relationships are better understood at the microscopic scale, at which all of the different manifestations of energy can 

be modeled as a combination of energy associated with the motion of particles and energy associated with the 
configuration (relative position of the particles). In some cases, the relative position energy can be thought of as stored in 
fields (which mediate interactions between particles). This last concept includes radiation, a phenomenon in which energy 
stored in fields moves across space. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Balls starting at the same height and rolling down different shaped ramps arrive at different times (e.g., curved vs straight 

ramps) 
• A weight is raised using mechanical energy and the weight slowly drops to power a light bulb using a mechanical generator. 
• A “water in a pipe” model can be loosely used to explain electrical current in a wire, to a certain extent. 
• The temperature inside an insulated (non-flammable) box increases when an incandescent light bulb is turned on inside. 
• A small, fast ball and a large slow moving ball rolling across the floor travel up a ramp and height is compared. 
• Solar panels power an electric fan. 

https://www.nap.edu/read/13165/chapter/9#120
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• A thermoelectric fan is powered by the temperature difference between cups of hot water and cold water. 

Evidence Statements 

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

HS.4.4.b Develop and use models to illustrate that energy at the macroscopic scale can be accounted for as a combination of energy 
associated with the motion of particles (objects) and energy associated with the relative positions of particles (objects). 
1. Components of the model 

A. Students develop models in which they identify and describe* the relevant components, including: 
• All the components of the system and the surroundings, as well as energy flows between the system and the 

surroundings; 
• Clearly depicting both a macroscopic and a molecular/atomic-level representation of the system; and 
• Depicting the forms in which energy is manifested at two different scales: 

a) Macroscopic , such as motion, sound, light, thermal energy, potential energy or energy in fields; and 
b) Molecular/atomic, such as motions (kinetic energy) of particles (e.g., nuclei and electrons), the relative 

positions of particles in fields (potential energy), and energy in fields. 
2. Relationships 

A. Students describe* the relationships between components in their models, including: 
• Changes in the relative position of objects in gravitational, magnetic or electrostatic fields can affect the energy of 

the fields (e.g., charged objects moving away from each other change the field energy). 
• Thermal energy includes both the kinetic and potential energy of particle vibrations in solids or molecules and the 

kinetic energy of freely moving particles (e.g., inert gas atoms, molecules) in liquids and gases.  
• The total energy of the system and surroundings is conserved at a macroscopic and molecular/atomic level. 
• Chemical energy can be considered in terms of systems of nuclei and electrons in electrostatic fields (bonds). 
• As one form of energy increases, others must decrease by the same amount as energy is transferred among and 

between objects and fields. 
3. Connections 

A. Students use their models to show that in closed systems the energy is conserved on both the macroscopic and 
molecular/atomic scales so that as one form of energy changes, the total system energy remains constant, as evidenced 
by the other forms of energy changing by the same amount or changes only by the amount of energy that is transferred 
into or out of the system.  

B. Students use their models to illustrate that energy at the macroscopic scale can be accounted for as a combination of 
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energy associated with the motions of particles/objects and energy associated with the relative positions of 
particles/objects on both the macroscopic and microscopic 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 a simple 
model based on 
evidence to 
represent a proposed 
object or tool. 

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

Use a model to test cause 
and effect relationships or 
interactions concerning the 
functioning of a natural or 
designed system 

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

Develop and/or use a model to 
generate data to test ideas about 
phenomena in natural or designed 
systems, including those representing 
inputs and outputs, and those at 
unobservable scales. 

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

Develop and/or use a model 
(including mathematical and 
computational) to generate data to 
support explanations, predict 
phenomena, analyze systems, and/or 
solve problems 

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... 

Matter is made of particles, and 

Energy and Matter in 6-8 builds on K–5 
experiences and progresses to... 

Matter is conserved because atoms are 
conserved in physical and chemical 

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

The total amount of energy and 
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K-2 3-5 6-8 9-12 

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

energy can be transferred in 
various ways and between 
objects. Conservation of matter 
can be observed by tracking 
matter flows and cycles before 
and after processes and 
recognizing the total weight of 
substances does not change. 

processes. Within a natural or designed 
system, the transfer of energy drives the 
motion and/or cycling of matter. Energy 
may take different forms (e.g., energy in 
fields, thermal energy, energy of 
motion). The transfer of energy can be 
tracked as energy flows through a 
designed or natural system. 

matter in closed systems is 
conserved. Energy and matter in a 
system can change in terms of 
energy and matter flows into, out of, 
and within that system. Energy 
cannot be created or destroyed. It 
only moves between one place and 
another place, between objects 
and/or fields, or between systems. 

Disciplinary Core Ideas (DCIs): PS3.A: Definitions of Energy 

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

PS3.A in K–2 
builds on prior 
experiences 
and 
progresses 
to... 

N/A 

PS3.A in 3–5 builds on K–2 
experiences and progresses to... 

Moving objects contain energy. The 
faster the object moves, the more 
energy it has. Energy can be 
moved from place to place by 
moving objects, or through sound, 
light, or electrical currents. Energy 
can be converted from one form to 
another form. 

PS3.A in 6-8 builds on K–5 experiences 
and knowledge and progresses to... 

Kinetic energy can be distinguished from 
the various forms of potential energy. 
Energy changes to and from each type 
can be tracked through physical or 
chemical interactions. The relationship 
between the temperature and the total 
energy of a system depends on the 
types, states, and amounts of matter 

PS3.A in 9–12 builds on K–8 
experiences and knowledge and 
progresses to... 

The total energy within a system is 
conserved. Energy transfer within 
and between systems can be 
described and predicted in terms 
of energy associated with the 
motion or configuration of particles 
(objects). 
 

 

https://www.nap.edu/read/13165/chapter/9#120
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Related Cross-Curricular Standards: Current Grade Level  

ELA Connections: 
• LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the 

task, purpose, and audience. 
• LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the 

research question(s). 
• 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.10.RI.1 Analyze the development of two or more implied or explicit central ideas over the course of an informational text or 

texts. 
• LA.12.RI.1 Evaluate the development of central ideas over the course of an informational text or texts. 
• LA.12.RI.3 Evaluate an author’s perspective or purpose and how it contributes to the meaning, significance, or aesthetic of an 

informational text. 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. 

• 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. 

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

Mathematics Connections: 
• 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. 
• HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and 

interpret results in context. 
• HS.A.1 Algebraic Relationships: Students will demonstrate and represent relationships with functions. 
• HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving 

linear and quadratic equations, and inequalities. 
• HS.A.3 Applications: Students will solve authentic problems using nonlinear functions. 
• HS.G.4 Logic and Proof: Students will use geometric definitions and theorems to reason abstractly and quantitatively. 
• HS.G.1 Attributes: Students will identify and describe geometric attributes, apply properties and theorems, and create two- 

dimensional shapes. 



  SC.HS.4.4.b 137  

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

• HS.D.2 Analyze Data and Interpret Results: Students will represent and analyze the data and interpret the results. 

Connection To Other Grade Level Indicators 

Authentic Connections to Other Content Standards: 
• High School Domains Model Course II 

o Physics Bundle 1: SC.HS.1.1.d, SC.HS.3.3.a, SC.HS.3.3.b, SC.HS.3.3.d, SC.HS.4.4.b, SC.HS.4.4.f 
• OpenSciEd Standards Alignment 

o P.1 Energy Flow from Earth’s Systems: SC.HS.1.1.b, SC.HS.4.4a, SC.HS.4.4b, SC.HS.4.4c, SC.HS.4.4f, SC.HS.7.2.f, SC.HS.15.5b, 
SC.HS.15.5.e 

o P.4 Meteors, Orbits, and Gravity: SC.HS.1.1.d, SC.HS.4.4a, SC.HS.4.4b, SC.HS.11.1d, SC.HS.14.4b 
o C.2 Structure and Properties of Matter: SC.HS.1.1d, C.HS.3.3a, SC.HS.3.3b, SC.HS.3.3d, SC.HS.4.4b, SC.HS.4.4f 
o C.5 Energy from Chemical & Nuclear Reactions: SC.HS.3.3.c, SC.HS.4.4.a, SC.HS.4.4b, SC.HS.4.4.d, SC.HS.4.4f, SC.HS.5.5.b, 

SC.HS.15.5a, SC.HS.15.5b, SC.HS.15.5d 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• System and surroundings, Energy flow, Macroscopic energy (e.g. motion, light, sound, thermal energy, potential energy or 

energy in fields), Microscopic energy (including: motion of particles (e.g. nuclei and electrons), position of particles (potential 
energy) in fields, energy in fields), Conservation of energy, Energy and Matter, Force, exert, store, transfer, electrical charge, 
mechanical energy, kinetic energy, electric field, magnetic field, gravitational field, conservation of energy, thermal energy, 
heat conduction, circuit, current, heat radiation, work, displacement 

Assessment Considerations 

Formative Assessment: 
•  Formative Task Repository  
• Utah 

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

https://www.nextgenscience.org/sites/default/files/HS%20Modified%20Domains%20Physics%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/
https://www.education.ne.gov/assessment/nscas-science/
https://docs.google.com/document/d/1QUADhRJbw61XwiOqwsyd-2slIL1GgohpPoBVwcBLXZA/edit?usp=sharing
https://sipsassessments.org/
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Knowledge, Skills, and Abilities: 
• KSA 1: Use models to illustrate that energy at the macroscopic scale can be accounted for as a combination of energy 

associated with the motion of particles (objects).  
• KSA 2: Use models to illustrate that energy at the macroscopic scale can be accounted for as a combination of energy 

associated with the relative positions of particles (objects). 
• KSA 3: Use models to illustrate that energy at the macroscopic scale can be accounted for as a combination of energy 

associated with the motion of particles (objects) and energy associated with the relative positions of particles (objects). 
• KSA 4: Develop and use models to illustrate that energy at the macroscopic scale can be accounted for as a combination of 

energy associated with the motion of particles (objects).  
• KSA 5: Develop and use models to illustrate that energy at the macroscopic scale can be accounted for as a combination of 

energy associated with the relative positions of particles (objects). 
• KSA 6: Develop and use models to illustrate that energy at the macroscopic scale can be accounted for as a combination of 

energy associated with the motion of particles (objects) and energy associated with the relative positions of particles (objects). 
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Standard Code: SC.HS.4.4 Gather, analyze, and communicate evidence of the interactions of energy. 

A system’s total energy is conserved as energy is continually transferred from one particle to another and between its various possible 
forms. The energy of a system depends on the motion and interactions of matter and radiation within that system. When bonds are 
formed between atoms, energy is released. Energy must be provided when bonds are broken. When electromagnetic radiation with 
longer wavelengths is absorbed by matter, it is generally converted into thermal energy or heat. When visible light is absorbed by 
matter, it results in phenomena related to color. When shorter wavelength electromagnetic radiation is absorbed by matter, it can 
ionize atoms and cause damage to living cells. Nuclear processes, including fusion, fission, and radioactive decays of unstable nuclei, 
involve the release or absorption of large amounts of energy. Society’s demand for energy requires thinking creatively about ways to 
provide energy that don’t deplete limited resources or produce harmful emissions. 

Indicator Code: SC.HS.4.4.c 

Design, build, and refine a device that works within given constraints to convert one form of energy into another form of energy. 
Emphasis is on both qualitative and quantitative evaluations of devices. Examples of devices could include Rube Goldberg devices, 
wind turbines, solar cells, solar ovens, and generators. Examples of constraints could include use of renewable energy forms and 
efficiency. Assessment for quantitative evaluations is limited to total output for a given input. Assessment is limited to devices 
constructed with materials provided to students. 

NGSS Comparison: HS-PS3-3 

Other Indicators in this Standard 

SC.HS.4.4.a, SC.HS.4.4.b, SC.HS.4.4.d, SC.HS.4.4.e, SC.HS.4.4.f 

Concepts and Skills to Master 

Foundation Boxes: 

Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 
Constructing Explanations and Designing Solutions: 
Constructing explanations and designing solutions in 9–12 builds Energy and Matter: 

• Changes of energy and matter in a system can be 
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 
on K–8 experiences and progresses to explanations and designs 
that are supported by multiple and independent student-
generated sources of evidence consistent with scientific ideas, 
principles, and theories. 

• Design, evaluate, and/or refine a solution to a complex 
real-world problem, based on scientific knowledge, 
student-generated sources of evidence, prioritized criteria, 
and tradeoff considerations. 

described in terms of energy and matter flows into, out of, 
and within that system.  

 

Connections to Engineering, Technology, and Applications of 
Science 

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

• Modern civilization depends on major technological 
systems. Engineers continuously modify these 
technological systems by applying scientific knowledge 
and engineering design practices to increase benefits 
while decreasing costs and risks.  

 

Disciplinary Core Idea (DCI) 

PS3.A: Definitions of Energy: 
• At the macroscopic scale, energy manifests itself in multiple ways, such as in motion, sound, light, and thermal energy. 

 PS3.D: Energy in Chemical Processes: 
 Although energy cannot be destroyed, it can be converted to less useful forms—for example, to thermal energy in the 

surrounding environment. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• We have excess solar and wind energy on Earth’s surface and want to find a way to convert them into accomplishing a useful 

purpose 
• A company needs to effectively lift up a solid object or fluid to a height above its initial state 
• Students want to propel a vehicle, such as a car, boat, or airplane, forward using stored energy 

https://www.nap.edu/read/13165/chapter/9#120
https://www.nap.edu/read/13165/chapter/9#128


  SC.HS.4.4.c 141  

• A group of friends are often outside in the winter and want a device that can quickly warm their hands 
• Expanding or compressing a gas in a cylinder with a piston 
• Propagation of sound waves in water or air 
• Transfer of energy in systems with multiple components and forms of energy 

Evidence Statements 

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

HS.4.4.C  Design, build, and refine a device that works within given constraints to convert one form of energy into another form of 
energy. 
1. Using scientific knowledge to generate the design solution 

A. Students design a device that converts one form of energy into another form of energy. 
B. Students develop a plan for the device in which they: 

• Identify what scientific principles provide the basis for the energy conversion design;  
• Identify the forms of energy that will be converted from one form to another in the designed system; 
• Identify losses of energy by the design system to the surrounding environment;  
• Describe* the scientific rationale for choices of materials and structure of the device, including how student-

generated evidence influenced the design; and  
• Describe* that this device is an example of how the application of scientific knowledge and engineering design can 

increase benefits for modern civilization while decreasing costs and risk. 
2. Describing criteria and constraints, including quantification when appropriate 

A. Students describe* and quantify (when appropriate) prioritized criteria and constraints for the design of the device, along 
with the tradeoffs implicit in these design solutions. Examples of constraints to be considered are cost and efficiency of 
energy conversion. 

3. Evaluating potential solutions 
A. Students build and test the device according to the plan. 
B. Students systematically and quantitatively evaluate the performance of the device against the criteria and constraints. 

4. Refining and/or optimizing the design solution 
A. Students use the results of the tests to improve the device performance by increasing the efficiency of energy conversion, 

keeping in mind the criteria and constraints, and noting any modifications in tradeoffs. 

Critical Background Knowledge 
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Grade Band Progressions:  

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

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

Constructing Explanation 
and Designing Solutions in 
K–2 builds on prior 
experiences and progresses 
to... 

Generate and/or compare 
multiple solutions to a 
problem 

Constructing Explanation and 
Designing Solutions in 3–5 
builds on K–2 experiences 
and progresses to... 

Generate and compare 
multiple solutions to a problem 
based on how well they meet 
the criteria and constraints of 
the design solution 

Constructing Explanation 
and Designing Solutions in 6-
8 builds on K–5 experiences 
and progresses to... 

Optimize performance of a 
design by prioritizing criteria, 
making tradeoffs, testing, 
revising, and retesting. 

Constructing Explanation and 
Designing Solutions in 9-12 builds on K–
8 experiences and progresses to 
college or career experiences. 

Design, evaluate, and/or refine a 
solution to a complex real-world 
problem, based on scientific 
knowledge, student-generated 
sources of evidence, prioritized criteria, 
and tradeoff considerations. 

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, 

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

Matter is made of particles, and 
energy can be transferred in various 
ways and between objects. 
Conservation of matter can be 
observed by tracking matter flows and 
cycles before and after processes and 
recognizing the total weight of 

Energy and Matter in 6-8 
builds on K–5 experiences 
and progresses to... 

Energy may take different 
forms (e.g., energy in fields, 
thermal energy, energy of 
motion). The transfer of 
energy can be tracked as 
energy flows through a 

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

Changes of energy and matter in a 
system can be described in terms of 
energy and matter flowing into, out of, 
and within that system. Energy cannot 
be created or destroyed. It only moves 
between one place and another 
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K-2 3-5 6-8 9-12 

or change shapes. substances does not change. designed or natural system. place, between objects and/or fields, 
or between systems. 

Disciplinary Core Ideas (DCIs): PS3.A: Definitions of Energy, PS3.D: Energy in Chemical Processes 

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

PS3.A in K–2 
builds on prior 
experiences 
and progresses 
to... 

N/A 

 

PS3.D in K–2 
builds on prior 
experiences 
and progresses 
to... 

Sunlight warms 
Earth’s surface. 

 
 

PS3.A in 3–5 builds on K–2 
experiences and progresses to... 

Moving objects contain energy. 
The faster the object moves, the 
more energy it has. Energy can be 
moved from place to place by 
moving objects, or through sound, 
light, or electrical currents. Energy 
can be converted from one form 
to another form. 

PS3.D in 3–5 builds on K–2 
experiences and progresses to... 

Energy can be “produced,” 
“used,” or “released” by 
converting stored energy. Plants 
capture energy from sunlight, 
which can later be used as fuel or 
food. 

PS3.A in 6-8 builds on K–5 experiences 
and knowledge and progresses to... 

Kinetic energy can be distinguished 
from the various forms of potential 
energy. Energy changes to and from 
each type can be tracked through 
physical or chemical interactions. The 
relationship between the temperature 
and the total energy of a system 
depends on the types, states, and 
amounts of matter. 

PS3.D in 6-8 builds on K–5 experiences 
and knowledge and progresses to... 

Sunlight is captured by plants and 
used in a reaction to produce sugar 
molecules, which can be reversed by 
burning those molecules to release 
energy. 

PS3.A in 9–12 builds on K–8 
experiences and knowledge and 
progresses to... 

The total energy within a system is 
conserved. Energy transfer within 
and between systems can be 
described and predicted in terms of 
energy associated with the motion 
or configuration of particles 
(objects). 

 

PS3.D in 9–12 builds on K–8 
experiences and knowledge and 
progresses to... 

Photosynthesis is the primary 
biological means of capturing 
radiation from the sun; energy 
cannot be destroyed; it can be 

https://www.nap.edu/read/13165/chapter/9#120
https://www.nap.edu/read/13165/chapter/9#128
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K-2 3-5 6-8 9-12 

converted to less useful forms. 

Related Cross-Curricular Standards: Current Grade Level  

ELA Connections: 
• LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the 

task, purpose, and audience. 
• LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the 

research question(s). 
• 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.10.RI.1 Analyze the development of two or more implied or explicit central ideas over the course of an informational text or 

texts. 
• LA.12.RI.1 Evaluate the development of central ideas over the course of an informational text or texts. 
• LA.12.RI.3 Evaluate an author’s perspective or purpose and how it contributes to the meaning, significance, or aesthetic of an 

informational text. 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. 

• 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. 

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

Mathematics Connections: 
• 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. 
• HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and 

interpret results in context. 
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• HS.A.1 Algebraic Relationships: Students will demonstrate and represent relationships with functions. 
• HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving 

linear and quadratic equations, and inequalities. 
• HS.A.3 Applications: Students will solve authentic problems using nonlinear functions. 
• HS.G.4 Logic and Proof: Students will use geometric definitions and theorems to reason abstractly and quantitatively. 
• HS.G.1 Attributes: Students will identify and describe geometric attributes, apply properties and theorems, and create two- 

dimensional shapes. 
• HS.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and 

organize data. 
• HS.D.2 Analyze Data and Interpret Results: Students will represent and analyze the data and interpret the results. 

Connection To Other Grade Level Indicators 

Authentic Connections to Other Content Standards: 
• High School Domains Model Course II 

o Physics Bundle 3: SC.HS.4.4.a, SC.HS.4.4.c, SC.HS.4.4.e, SC.HS.5.5.e, SC.HS.12.2.b, SC.HS.13.3.a, SC.HS.13.3.b, SC.HS.13.3.d, 
SC.HS.14.4.c 

• OpenSciEd Standards Alignment 
o P.1 Energy Flow from Earth’s Systems: SC.HS.1.1.b, SC.HS.4.4a, SC.HS.4.4b, SC.HS.4.4c, SC.HS.4.4f, SC.HS.7.2.f, SC.HS.15.5b, 

SC.HS.15.5.e 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Energy, device (wind turbine, solar cell, generator), energy conversion, energy loss, efficiency, Mechanical energy, chemical 

energy, electric energy, thermal energy, power, Watts, heat, work 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository  
• Utah 

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

https://www.nextgenscience.org/sites/default/files/HS%20Modified%20Domains%20Physics%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/
https://www.education.ne.gov/assessment/nscas-science/
https://docs.google.com/document/d/1qagbrE_AMcB4uMDNi0EPoZmBVgjsQoOomP41AN7hZWo/edit?usp=sharing
https://sipsassessments.org/
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Knowledge, Skills, and Abilities: 
• KSA1: Students will describe how energy is transferred and conserved when converted from one form to another, identifying 

inputs, outputs, and energy losses. 
• KSA2: Students will construct an explanation for how different materials and design choices affect the efficiency of energy 

transfer in a system. 
• KSA3: Students will design a device that converts one form of energy into another, using scientific principles to maximize energy 

transfer and minimize energy loss. 
• KSA4: Students will build a prototype of their device, ensuring that it meets design criteria and constraints and effectively 

converts energy from one form to another. 
• KSA5: Students will collect and analyze quantitative data on energy input, useful energy output, and energy dissipated as heat 

or other forms of loss. 
• KSA6: Students will use their data to construct an explanation for how energy is conserved within the system, identifying where 

and why energy is lost. 
• KSA7: Students will refine their device based on test data, modifying materials or structural components to improve energy 

efficiency. 
• KSA8: Students will compare multiple design iterations and justify which refinements led to the greatest improvements in energy 

conversion efficiency. 
• KSA9: Students will communicate their final design, explaining how scientific principles guided their decisions and how their 

refinements improved energy transfer and conservation.
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Standard Code: SC.HS.4.4 Gather, analyze, and communicate evidence of the interactions of energy. 

A system’s total energy is conserved as energy is continually transferred from one particle to another and between its various possible 
forms. The energy of a system depends on the motion and interactions of matter and radiation within that system. When bonds are 
formed between atoms, energy is released. Energy must be provided when bonds are broken. When electromagnetic radiation with 
longer wavelengths is absorbed by matter, it is generally converted into thermal energy or heat. When visible light is absorbed by 
matter, it results in phenomena related to color. When shorter wavelength electromagnetic radiation is absorbed by matter, it can 
ionize atoms and cause damage to living cells. Nuclear processes, including fusion, fission, and radioactive decays of unstable nuclei, 
involve the release or absorption of large amounts of energy. Society’s demand for energy requires thinking creatively about ways to 
provide energy that don’t deplete limited resources or produce harmful emissions. 

Indicator Code: SC.HS.4.4.d 

Analyze a major global challenge to specify qualitative and quantitative criteria and constraints for solutions that account for societal 
needs and wants. 

NGSS Comparison: HS-ETS1-1 

Other Indicators in this Standard 

SC.HS.4.4.a, SC.HS.4.4.b, SC.HS.4.4.c, SC.HS.4.4.e, SC.HS.4.4.f 

Concepts and Skills to Master 

Foundation Boxes: 

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

Asking Questions and Defining Problems: 

Asking questions and defining problems in 9–12 builds on K–8 
experiences and progresses to formulating, refining, and 
evaluating empirically testable questions and design problems 
using models and simulations.  

Connections to Engineering, Technology, and Applications of 
Science 

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

• Modern civilization depends on major technological 
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 
• Analyze complex real-world problems by specifying 

criteria and constraints for successful solutions. 
systems. Engineers continuously modify these 
technological systems by applying scientific knowledge 
and engineering design practices to increase benefits 
while decreasing costs and risks. 

 

Disciplinary Core Idea (DCI) 

ETS1.A: Defining and Delimiting Engineering Problems: 

 Criteria and constraints also include satisfying any requirements set by society, such as taking issues of risk mitigation into 
account, and they should be quantified to the extent possible and stated in such a way that one can tell if a given design 
meets them. 

• Humanity faces major global challenges today, such as the need for supplies of clean water and food or for energy sources 
that minimize pollution, which can be addressed through engineering. These global challenges also may have manifestations 
in local communities. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Ways to reduce energy use or use cleaner energy sources 
• Golden Rice Lesson 
• Sustainable farming 

Evidence Statements 

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

HS.4.4.d   Analyze a major global challenge to specify qualitative and quantitative criteria and constraints for solutions that account for 
societal needs and wants. 
1. Identifying the problem to be solved 

A. Students analyze a major global problem. In their analysis, students: 

https://www.nap.edu/read/13165/chapter/12#204
https://growable.unl.edu/golden-rice-genetically-engineered-solution-vitamin-deficiency-lesson-plan
https://teaching.betterlesson.com/lesson/resource/3277259/prototype-activity-guide-feeding-9-billion
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• Describe* the challenge with a rationale for why it is a major global challenge; 
• Describe*, qualitatively and quantitatively, the extent and depth of the problem and its major consequences to 

society and/or the natural world on both global and local scales if it remains unsolved; and 
• Document background research on the problem from two or more sources, including research journals. 

2. Defining the process or system boundaries, and the components of the process or system 
A. In their analysis, students identify the physical system in which the problem is embedded, including the major elements 

and relationships in the system and boundaries so as to clarify what is and is not part of the problem. 
B. In their analysis, students describe* societal needs and wants that are relative to the problem (e.g., for controlling CO2 

emissions, societal needs include the need for cheap energy). 
3. Defining the criteria and constraints 

A. Students specify qualitative and quantitative criteria and constraints for acceptable solutions to the problem. 

Critical Background Knowledge 

Grade Band Progressions:  

Science and Engineering Practices (SEPs): Asking Questions and Defining Problems 

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

Asking Questions and 
Defining Problems in K–2 
builds on prior 
experiences and 
progresses to... 

Define a simple problem 
that can be solved 
through the 
development of a new or 
improved object or tool. 

Asking Questions and Defining 
Problem in 3–5 builds on K–2 
experiences and progresses to... 

Define a simple design problem 
that can be solved through the 
development of an object, tool, 
process, or system and includes 
several criteria for success and 
constraints on materials, time, or 
cost. 

Asking Questions and Defining 
Problem in 6-8 builds on K–5 
experiences and progresses to... 

Define a design problem that can 
be solved through the 
development of an object, tool, 
process or system and includes 
multiple criteria and constraints, 
including scientific knowledge 
that may limit possible solutions. 

Asking Questions and Defining 
Problem in 9-12 builds on K–8 
experiences and progresses to 
college or career experiences.  

Define a design problem that 
involves the development of a 
process or system with 
interacting components and 
criteria and constraints that may 
include social, technical, and/or 
environment 
 



  SC.HS.4.4.d 150  

Crosscutting Concepts (CCCs): None 

Disciplinary Core Ideas (DCIs): ETS1.A: Defining and Delimiting Engineering Problems 

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

ETS1.A in K–2 builds on prior 
experiences and progresses 
to... 

A situation that people 
want to change or create 
can be approached as a 
problem to be solved 
through engineering. Such 
problems may have many 
acceptable solutions.  

Asking questions, making 
observations, and gathering 
information are helpful in 
thinking about problems. 

ETS1.A in 3–5 builds on K–2 
experiences and progresses to... 

Possible solutions to a problem are 
limited by available materials and 
resources (constraints). The 
success of a designed solution is 
determined by considering the 
desired features of a solution 
(criteria). Different proposals for 
solutions can be compared 
based on how well each one 
meets the specified criteria for 
success or how well each takes 
the constraints into account.  

ETS1.A in 6-8 builds on K–5 
experiences and knowledge 
and progresses to... 

The more precisely a design 
task’s criteria and constraints 
can be defined, the more 
likely it is that the designed 
solution will be successful. 
Specification of constraints 
includes consideration of 
scientific principles and other 
relevant knowledge that is 
likely to limit possible 
solutions. 

ETS1.A in 9–12 builds on K–8 
experiences and knowledge and 
progresses to... 

Criteria and constraints also 
include satisfying any requirements 
set by society, such as taking issues 
of risk mitigation into account, and 
they should be quantified to the 
extent possible and stated in such 
a way that one can tell if a given 
design meets them.  

Humanity faces major global 
challenges today, such as the 
need for supplies of clean water 
and food or for energy sources 
that minimize pollution, which can 
be addressed through 
engineering. These global 
challenges also may have 
manifestations in local 
communities. 

Connection To Other Grade Level Indicators 

ELA Connections: 

https://www.nap.edu/read/13165/chapter/12#204
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• LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the 
task, purpose, and audience. 

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

• 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.10.RI.1 Analyze the development of two or more implied or explicit central ideas over the course of an informational text or 
texts. 

• LA.12.RI.1 Evaluate the development of central ideas over the course of an informational text or texts. 
• LA.12.RI.3 Evaluate an author’s perspective or purpose and how it contributes to the meaning, significance, or aesthetic of an 

informational text. 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. 

• 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. 

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

Mathematics Connections: 
• 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. 
• HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and 

interpret results in context. 
• HS.A.1 Algebraic Relationships: Students will demonstrate and represent relationships with functions. 
• HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving 

linear and quadratic equations, and inequalities. 
• HS.A.3 Applications: Students will solve authentic problems using nonlinear functions. 
• HS.G.4 Logic and Proof: Students will use geometric definitions and theorems to reason abstractly and quantitatively. 
• HS.G.1 Attributes: Students will identify and describe geometric attributes, apply properties and theorems, and create two- 

dimensional shapes. 
• HS.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and 

organize data. 
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• HS.D.2 Analyze Data and Interpret Results: Students will represent and analyze the data and interpret the results 

Related Cross-Curricular Standards: Current Grade Level 

Authentic Connections to Other Content Standards: 
• High School Domains Model Course II  

o Chemistry Bundle 4:  SC.HS.4.4.d, SC.HS.5.5.c, SC.HS.5.5.d, SC.HS.13.3d, SC.HS.15.5.b 
• OpenSciEd Standards Alignment 

o C.4 Chemical Reactions in Our World: SC.HS.4.4.d, SC.HS.5.5.c, SC.HS.5.5.d, SC.HS.5.5.e, SC.HS.5.5.f, SC.HS.13.3.e, 
SC.HS.15.5.d  

o C.5 Energy from Chemical & Nuclear Reactions: SC.HS.3.3.c, SC.HS.4.4.a, SC.HS.4.4b, SC.HS.4.4.d, SC.HS.4.4f, SC.HS.5.5.b, 
SC.HS.15.5a, SC.HS.15.5b, SC.HS.15.5d 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Constraints, criteria, data, design, engineering, iterative, model, optimize, prototype, solution, system, technology, system 

boundaries, energy, energy transfer, energy conversion, efficiency, work, mechanical energy, thermal energy, chemical energy, 
electrical energy, solar energy, kinetic, potential 

Assessment Considerations 

Formative Assessment: 
•  Formative Task Repository  

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

Knowledge, Skills, and Abilities: 
• KSA 1: Students will identify and describe a major global challenge, including the rationale for why it is a significant problem, 

using qualitative and quantitative data to illustrate its extent, depth, and consequences. 
• KSA 2: Students will analyze a major global challenge to define the physical system in which the problem exists, including its key 

components, relationships, and boundaries to clarify what is and is not part of the problem. 
• KSA 3: Students will identify and describe the societal needs and wants that are relevant to a major global challenge, 

considering both global and local perspectives. 

https://www.nextgenscience.org/sites/default/files/HS%20Modified%20Domains%20Physics%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/
https://www.education.ne.gov/assessment/nscas-science/
https://sipsassessments.org/
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• KSA 4: Students will specify qualitative criteria and constraints that must be considered in designing solutions to a major global 
challenge, incorporating considerations such as feasibility, ethical implications, and social impact. 

• KSA 5: Students will specify quantitative criteria and constraints that must be considered in designing solutions to a major global 
challenge, using numerical data to establish measurable benchmarks for success. 

• KSA 6: Students will analyze a major global challenge to define both qualitative and quantitative criteria and constraints for 
possible solutions, ensuring that these solutions account for societal needs and wants while maintaining feasibility within system 
boundaries. 
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Standard Code: SC.HS.4.4 Gather, analyze, and communicate evidence of the interactions of energy. 

A system’s total energy is conserved as energy is continually transferred from one particle to another and between its various possible 
forms. The energy of a system depends on the motion and interactions of matter and radiation within that system. When bonds are 
formed between atoms, energy is released. Energy must be provided when bonds are broken. When electromagnetic radiation with 
longer wavelengths is absorbed by matter, it is generally converted into thermal energy or heat. When visible light is absorbed by 
matter, it results in phenomena related to color. When shorter wavelength electromagnetic radiation is absorbed by matter, it can 
ionize atoms and cause damage to living cells. Nuclear processes, including fusion, fission, and radioactive decays of unstable nuclei, 
involve the release or absorption of large amounts of energy. Society’s demand for energy requires thinking creatively about ways to 
provide energy that don’t deplete limited resources or produce harmful emissions. 

Indicator Code: SC.HS.4.4.e 

 Plan and conduct an investigation to provide evidence that the transfer of thermal energy when two components of different 
temperature are combined within a closed system results in a more uniform energy distribution among the components in the system 
(second law of thermodynamics). Emphasis is on analyzing data from student investigations and using mathematical thinking to 
describe the energy changes both quantitatively and conceptually. Examples of investigations could include mixing liquids at different 
initial temperatures or adding objects at different temperatures to water. Assessment is limited to investigations based on materials and 
tools provided to students. 

NGSS Comparison: HS-PS3-4 

Other Indicators in this Standard 

SC.HS.4.4.a, SC.HS.4.4.b, SC.HS.4.4.c, SC.HS.4.4.d, SC.HS.4.4.f 

Concepts and Skills to Master 

Foundation Boxes: 

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

Planning and Carrying Out Investigations: Systems and System Models: 
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 

Planning and carrying out investigations to answer questions or 
test solutions to problems in 9–12 builds on K–8 experiences and 
progresses to include investigations that provide evidence for 
and test conceptual, mathematical, physical, and empirical 
models. 

• 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. 

• 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 Idea (DCI) 

PS3.B: Conservation of Energy and Energy Transfer: 
• Energy cannot be created or destroyed, but it can be transported from one place to another and transferred between 

systems.  
• Uncontrolled systems always evolve toward more stable states—that is, toward more uniform energy distribution (e.g., water 

flows downhill, objects hotter than their surrounding environment cool down). 
 PS3.D: Energy in Chemical Processes: 

Although energy cannot be destroyed, it can be converted to less useful forms—for example, to thermal energy in the surrounding 
environment. 

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

• When a balloon is placed over a candle, the balloon pops almost instantly. When a balloon has some water in it, however, 
the balloon will not pop, and the candle will go out.  

https://www.nap.edu/read/13165/chapter/9#124
https://www.nap.edu/read/13165/chapter/9#128
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• When noodles are put into boiling water the water stops boiling for a few minutes. 
• The metal legs of a desk feel cooler than the brick wall even though they are at the same temperature.  
• Leaving a cool cup of water on the counter compared to leaving a cool cup of ice water on the counter. 
• Hot water cools down faster than a cup of warm water but they both have the same final temperature. 
• An inflated bag decreases in size when exposed to colder temperatures (e.g., Bernoulli Bag) 

Evidence Statements 

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

HS.4.4.e  Plan and conduct an investigation to provide evidence that the transfer of thermal energy when two components of different 
temperature are combined within a closed system results in a more uniform energy distribution among the components in the system 
(second law of thermodynamics). 
1. Identifying the phenomenon to be investigated 

A. Students describe* the purpose of the investigation, which includes the following idea, that the transfer of thermal energy 
when two components of different temperature are combined within a closed system results in a more uniform energy 
distribution among the components in the system (second law of thermodynamics). 

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: 
• The measurement of the reduction of temperature of the hot object and the increase in temperature of the cold 

object to show that the thermal energy lost by the hot object is equal to the thermal energy gained by the cold 
object and that the distribution of thermal energy is more uniform after the interaction of the hot and cold 
components; and  

• The heat capacity of the components in the system (obtained from scientific literature). 
3. Planning for the investigation 

A. In the investigation plan, students describe*:  
• How a nearly closed system will be constructed, including the boundaries and initial conditions of the system; 
• The data that will be collected, including masses of components and initial and final temperatures; and 
• The experimental procedure, including how the data will be collected, the number of trials, the experimental set up, 

and equipment required. 
4. Collecting the data 

A. Students collect and record data that can be used to calculate the change in thermal energy of each of the two 
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components of the system. 
5. Refining the design 

A. Students evaluate their investigation, including: 
• The accuracy and precision of the data collected, as well as the limitations of the investigation; and  
• The ability of the data to provide the evidence required. 

B. If necessary, students refine the plan to produce more accurate, precise, and useful data that address the experimental 
question.  

C. Students identify potential causes of the apparent loss of energy from a closed system (which should be zero in an ideal 
system) and adjust the design of the experiment accordingly. 

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... 

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... 

Evaluate appropriate 
methods and/or tools 
for collecting data. 

Planning and Carrying Out 
Investigations in 6-8 builds on 
K–5 experiences and 
progresses to... 

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 

Crosscutting Concepts (CCCs): Systems and System Models 
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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; and 
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 to... 

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 
interactions. 

Systems and System Model sin 6-8 
builds on K–5 experiences and 
progresses to... 

Systems may interact with other 
systems; they may have sub-
systems and be a part of larger 
complex systems. Models can be 
used to represent systems and 
their interactions—such as inputs, 
processes and outputs—and 
energy, matter, and information 
flows within systems. Models are 
limited in that they only represent 
certain aspects of the system 
under study. 

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

A system can be investigated or analyzed by 
defining its boundaries and initial conditions, as 
well as its inputs and outputs. Models (e.g., 
physical, mathematical, computer models) can 
be used to simulate the flow of energy, matter, 
and interactions within and between systems at 
different scales. Models and simulations can 
also be used to predict the behavior of a 
system, but these predictions have limited 
precision and reliability due to the assumptions 
and approximations inherent in the models. 
Systems can be designed to do specific tasks. 

Disciplinary Core Ideas (DCIs): PS3.B: Conservation of Energy and Energy Transfer, PS3.D: Energy in Chemical Processes 

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

PS3.B in K–2 
builds on prior 
experiences 
and progresses 
to... 

Sunlight warms 

PS3.B in 3–5 builds on K–2 
experiences and progresses to... 

Moving objects contain energy. 
The faster the object moves, the 
more energy it has. Energy can 
be moved from place to place 
by moving objects, or through 

PS3.B in 6-8 builds on K–5 
experiences and knowledge and 
progresses to... 

Kinetic energy can be distinguished 
from the various forms of potential 
energy. Energy changes to and from 
each type can be tracked through 

PS3.B in 9–12 builds on K–8 experiences 
and knowledge and progresses to... 

The total energy within a system is 
conserved. Energy transfer within and 
between systems can be described and 
predicted in terms of energy associated 
with the motion or configuration of 

https://www.nap.edu/read/13165/chapter/9#124
https://www.nap.edu/read/13165/chapter/9#128
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K-2 3-5 6-8 9-12 

Earth’s surface. sound, light, or electrical 
currents. Energy can be 
converted from one form to 
another form. 

physical or chemical interactions. 
The relationship between the 
temperature and the total energy of 
a system depends on the types, 
states, and amounts of matter. 

particles (objects) 

Systems move toward stable states. 
Fields contain energy that depends on 
the arrangement of the objects in the 
field. 

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the 

task, purpose, and audience. 
• LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the 

research question(s). 
• 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.10.RI.1 Analyze the development of two or more implied or explicit central ideas over the course of an informational text or 

texts. 
• LA.12.RI.1 Evaluate the development of central ideas over the course of an informational text or texts. 
• LA.12.RI.3 Evaluate an author’s perspective or purpose and how it contributes to the meaning, significance, or aesthetic of an 

informational text. 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. 

• 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. 

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

Mathematics Connections: 
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• 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. 

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

• HS.A.1 Algebraic Relationships: Students will demonstrate and represent relationships with functions. 
• HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving 

linear and quadratic equations, and inequalities. 
• HS.A.3 Applications: Students will solve authentic problems using nonlinear functions. 
• HS.G.4 Logic and Proof: Students will use geometric definitions and theorems to reason abstractly and quantitatively. 
• HS.G.1 Attributes: Students will identify and describe geometric attributes, apply properties and theorems, and create two- 

dimensional shapes. 
• HS.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and 

organize data. 
• HS.D.2 Analyze Data and Interpret Results: Students will represent and analyze the data and interpret the results. 

Connection To Other Grade Level Indicators  

Authentic Connections to Other Content Standards: 
• High School Domains Model Course II 

• Physics Bundle 3: SC.HS.4.4.a, SC.HS.4.4.c, SC.HS.4.4.e, SC.HS.5.5.e, SC.HS.12.2.b, SC.HS.13.3.a, SC.HS.13.3.b, SC.HS.13.3.d, 
SC.HS.14.4.c 

• High School Domains Model Course II 
• Chemistry Bundle 3: SC.HS.1.1.e, SC.HS.4.4a, SC.HS.4.4c, SC.HS.4.4e 

• OpenSciEd Standards Alignment 
• C.1 Thermodynamics in Earth’s System: SC.HS.4.4a, SC.HS.4.4.e, SC.HS.12.2b, SC.HS.12.2c, SC.HS.13.3a, SC.HS.14.4d, 

SC.HS.15.5a, SC.HS.15.5f 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Specific heat, specific heat capacity, store, transfer, kinetic energy, temperature, conservation of energy, microscopic scale, 

macroscopic scale, thermal energy, heat conduction, heat radiation, heat convection, Law of Conservation of Energy, First Law 
of Thermodynamics, Second Law of Thermodynamics, Joules, Kelvin 

https://www.nextgenscience.org/sites/default/files/HS%20Modified%20Domains%20Physics%20Summary%20and%20Flowchart.pdf
https://www.nextgenscience.org/sites/default/files/HS%20Modified%20Domains%20Physics%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/
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Assessment Considerations 

Formative Assessment: 
• Formative Task Repository  
• Utah 

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

Knowledge, Skills, and Abilities: 
• KSA1: Students will define the boundaries of a closed system and describe how energy transfers between system components 

when two substances of different temperatures interact. 
• KSA2: Students will plan an investigation to measure how thermal energy is redistributed when two components at different 

temperatures interact within a closed system, identifying key system variables such as mass, specific heat capacity, and 
temperature change. 

• KSA3: Students will develop a system model that predicts the thermal equilibrium state by quantifying energy lost by the hotter 
component and energy gained by the cooler component, ensuring total system energy remains constant. 

• KSA4: Students will conduct an investigation by collecting temperature and mass data from a nearly closed system to provide 
evidence for the second law of thermodynamics, ensuring precise and repeatable measurements. 

• KSA5: Students will use their collected data to calculate the heat transfer between components, analyzing whether the system’s 
energy redistribution aligns with the predicted thermal equilibrium model. 

• KSA6: Students will evaluate the accuracy and precision of their investigation by identifying potential energy losses (e.g., through 
insulation limitations or heat exchange with the surroundings) and describing how these losses affect the system model. 

• KSA7: Students will refine their investigation by adjusting variables such as insulation, measurement methods, or experimental 
controls to reduce energy loss and improve data accuracy. 

• KSA8: Students will compare multiple trials and analyze patterns in the data to assess whether the final equilibrium temperature 
supports the claim that thermal energy redistributes to a more uniform state within the system. 

• KSA9: Students will revise their system model based on experimental results, identifying limitations and proposing improvements 
that better account for real-world energy transfer processes. 

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


Standard Code: SC.HS.4.4 Gather, analyze, and communicate evidence of the interactions of energy. 

A system’s total energy is conserved as energy is continually transferred from one particle to another and between its various possible 
forms. The energy of a system depends on the motion and interactions of matter and radiation within that system. When bonds are 
formed between atoms, energy is released. Energy must be provided when bonds are broken. When electromagnetic radiation with 
longer wavelengths is absorbed by matter, it is generally converted into thermal energy or heat. When visible light is absorbed by 
matter, it results in phenomena related to color. When shorter wavelength electromagnetic radiation is absorbed by matter, it can 
ionize atoms and cause damage to living cells. Nuclear processes, including fusion, fission, and radioactive decays of unstable nuclei, 
involve the release or absorption of large amounts of energy. Society’s demand for energy requires thinking creatively about ways to 
provide energy that don’t deplete limited resources or produce harmful emissions. 

Indicator Code: SC.HS.4.4.f 

Develop and use a model of two objects interacting through electrical or magnetic fields to illustrate the forces between objects and 
the changes in energy of the objects due to the interaction. Examples of models could include drawings, diagrams, and texts, such as 
drawings of what happens when two charges of opposite polarity are near each other. Assessment is limited to systems containing two 
objects. 

NGSS Comparison: HS-PS3-5 

Other Indicators in this Standard 

SC.HS.4.4.a, SC.HS.4.4.b, SC.HS.4.4.c, SC.HS.4.4.d, SC.HS.4.4.e 

Concepts and Skills to Master 

Foundation Boxes: 

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

Developing and Using Models: 
Modeling in 9–12 builds on K–8 and progresses to using, 
synthesizing, and developing models to predict and show 
relationships among variables between systems and their 

Cause and Effect: 
• Cause and effect relationships can be suggested and 

predicted for complex natural and human designed 
systems by examining what is known about smaller scale 
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 
components in the natural and designed worlds. 

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

mechanisms within the system.  

 

 

Disciplinary Core Idea (DCI) 

PS3.C: Relationship Between Energy and Forces: 
• When two objects interacting through a field change relative position, the energy stored in the field is changed. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• A charged balloon is brought near pieces of paper, pieces that are close to the balloon attract and stick to the balloon. 

However, pieces of paper that are farther away only slightly wiggle or don’t move at all. 
• A screen can detect the exact point that your fingers touch it, but this doesn’t work if the screen is wet, or if you are wearing 

thick gloves 
• A Faraday cage protects objects inside it from being shocked, because charges pass along its outer surface 
• Large amounts of charge build-up can produce an arc, which we see in lightning storms or use for welding 
• Programmable magnets are engineered to have multiple and diverse magnetic regions. 
• Earth’s magnetic field protects us from high energy charged particles in space  
• Scientists build large particle colliders with electric fields to accelerate the particles and magnetic fields to turn them in circles 
• Pushing two repelling magnets together is very difficult and requires more force the closer they get. 
• Forces from excessive static electrical charge easily counteracts the force of gravity for less massive objects.  

Evidence Statements 

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

HS.4.4.f Develop and use a model of two objects interacting through electrical or magnetic fields to illustrate the forces between 
objects and the changes in energy of the objects due to the interaction. 
1. Components of the model 

https://www.nap.edu/read/13165/chapter/9#126
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A. Students develop a model in which they identify and describe* the relevant components to illustrate the forces and 
changes in energy involved when two objects interact, including: 
• The two objects in the system, including their initial positions and velocities (limited to one dimension). 
• The nature of the interaction (electric or magnetic) between the two objects. 
• The relative magnitude and the direction of the net force on each of the objects. 
• Representation of a field as a quantity that has a magnitude and direction at all points in space, and which contains 

energy. 
2. Relationships 

A. In the model, students describe* the relationships between components, including the change in the energy of the 
objects, given the initial and final positions and velocities of the objects. 

3. Connections 
A. Students use the model to determine whether the energy stored in the field increased, decreased, or remained the same 

when the objects interacted. 
B. Students use the model to support the claim that the change in the energy stored in the field (which is qualitatively 

determined to be either positive, negative, or zero) is consistent with the change in energy of the objects. 
C. Using the model, students describe* the cause-and-effect relationships on a qualitative level between forces produced 

by electric or magnetic fields and the change of energy of the objects in the system. 

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), 

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

Develop and/or use 
models to describe 

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

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

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

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

and/or predict 
phenomena. 

are not observable but predict 
observable phenomena 

illustrate and/or predict the 
relationships between systems or 
between components of a system. 

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

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

Causal relationships can 
be identified and tested, 
and used to explain 
change. Events that 
occur together with 
regularity might or might 
not signify 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 can 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 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 to make 
claims about specific causes and effects. 
Cause and effect relationships can explain 
and predict behaviors in complex natural and 
designed systems. Causal relationships can 
be identified by examining what is known 
about smaller scale mechanisms within the 
system. Changes in systems may have various 
causes that may not have equal effects. 

 

Disciplinary Core Ideas (DCIs): PS3.C: Relationship Between Energy and Forces 

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

https://www.nap.edu/read/13165/chapter/9#126
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PS3.C in K–2 builds on prior 
experiences and 
progresses to... 

Bigger pushes and pulls 
cause bigger changes in 
an object’s motion or 
shape. 

PS3.C in 3–5 builds on K–2 
experiences and progresses 
to... 

When objects collide, contact 
forces transfer energy so as to 
change the objects’ motions. 

PS3.C in 6-8 builds on K–5 experiences 
and knowledge and progresses to... 

When two objects interact, each one 
exerts a force on the other, and these 
forces can transfer energy between 
them. 

PS3.C in 9–12 builds on K–8 
experiences and knowledge 
and progresses to... 

Fields contain energy that 
depends on the 
arrangement of the objects 
in the field. 

Connection To Other Grade Level Indicators 

ELA Connections: 
• LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the 

task, purpose, and audience. 
• LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the 

research question(s). 
• 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.10.RI.1 Analyze the development of two or more implied or explicit central ideas over the course of an informational text or 

texts. 
• LA.12.RI.1 Evaluate the development of central ideas over the course of an informational text or texts. 
• LA.12.RI.3 Evaluate an author’s perspective or purpose and how it contributes to the meaning, significance, or aesthetic of an 

informational text. 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. 

• 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. 

• LA.12.RI.7 Analyze and evaluate multiple perspectives within and across a wide range of informational texts. 
• 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. 
• 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. 
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Mathematics Connections: 
• 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. 
• HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and 

interpret results in context. 
• HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving 

linear and quadratic equations, and inequalities. 
• HS.A.3 Applications: Students will solve authentic problems using nonlinear functions. 
• HS.G.4 Logic and Proof: Students will use geometric definitions and theorems to reason abstractly and quantitatively. 
• HS.G.1 Attributes: Students will identify and describe geometric attributes, apply properties and theorems, and create two- 

dimensional shapes. 
• HS.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and 

organize data. 
• HS.D.2 Analyze Data and Interpret Results: Students will represent and analyze the data and interpret the results. 

Related Cross-Curricular Standards: Current Grade Level 

Authentic Connections to Other Content Standards: 
• High School Domains Model Course II 

• Physics Bundle 1: SC.HS.1.1.d, SC.HS.3.3.a, SC.HS.3.3.b, SC.HS.3.3.d, SC.HS.4.4.b, SC.HS.4.4.f 
• OpenSciEd Standards Alignment 

• P.1 Energy Flow from Earth’s Systems: SC.HS.1.1.b, SC.HS.4.4a, SC.HS.4.4b, SC.HS.4.4c, SC.HS.4.4f, SC.HS.7.2.f, SC.HS.15.5b, 
SC.HS.15.5.e  

• C.2 Structure and Properties of Matter: SC.HS.1.1d, C.HS.3.3a, SC.HS.3.3b, SC.HS.3.3d, SC.HS.4.4b, SC.HS.4.4f 
• C.5 Energy from Chemical & Nuclear Reactions: SC.HS.3.3.c, SC.HS.4.4.a, SC.HS.4.4b, SC.HS.4.4.d, SC.HS.4.4f, SC.HS.5.5.b, 

SC.HS.15.5a, SC.HS.15.5b, SC.HS.15.5d 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Force, exert, store, transfer, electrical charge, mechanical energy, potential energy, kinetic energy, electric field, conservation 

of energy, microscopic scale, macroscopic scale, circuit, current, heat radiation, Law of Conservation of Energy 

https://www.nextgenscience.org/sites/default/files/HS%20Modified%20Domains%20Physics%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/


  SC.HS.4.4.e 168  

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository  
• Utah  

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

Knowledge, Skills, and Abilities: 
• KSA 1: Use a model of two objects interacting through electrical or magnetic fields to illustrate the forces between objects due 

to the interaction. 
• KSA 2: Use a model of two objects interacting through electrical or magnetic fields to illustrate the changes in energy of the 

objects due to the interaction. 
• KSA 3: Develop a model of two objects interacting through electrical or magnetic fields to illustrate the forces between objects 

due to the interaction. 
• KSA 4: Develop a model of two objects interacting through electrical or magnetic fields to illustrate the changes in energy of the 

objects due to the interaction. 
• KSA 5: Develop and use a model of two objects interacting through electrical or magnetic fields to illustrate the forces between 

objects due to the interaction. 
• KSA 6: Develop and use a model of two objects interacting through electrical or magnetic fields to illustrate the changes in 

energy of the objects due to the interaction. 
• KSA 7: Develop and use a model of two objects interacting through electrical or magnetic fields to illustrate the forces between 

objects and the changes in energy of the objects due to the interaction.

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

Topic Code: SC.HS.5 Chemical Reactions 
Standard Code: SC.HS.5.5 Gather, analyze, and communicate evidence of chemical reactions.  

Conservation of matter describes the cycling of matter and the use of resources. In both chemical and physical changes, the total 
number of each type of atom is conserved. When substances are combined, they may interact with each other to form a solution. The 
proportion of substances in a solution can be represented with concentration. In a chemical change, the atoms are rearranged by 
breaking and forming bonds to create different molecules, which may have different properties. Chemical processes can be 
understood in terms of the collisions of molecules and the rearrangements of atoms. The rate at which chemical processes occur can 
be modified. In many situations, a dynamic and condition-dependent balance between a reaction and the reverse reaction 
determines the numbers of all types of molecules present. Chemists can control and design chemical systems to create desirable 
results, although sometimes there are also unintended consequences. 

Indicator Code: SC.HS.5.5.a 

Construct and revise an explanation for the outcome of a simple chemical reaction based on the outermost electron states of atoms, 
trends in the periodic table, and knowledge of the patterns of chemical properties. Examples of chemical reactions could include the 
reaction of sodium and chlorine, of carbon and oxygen, or of carbon and hydrogen. Assessment is limited to chemical reactions 
involving main group elements and combustion reactions. 

NGSS Comparison: HS-PS1-2 

Other Indicators in this Standard 

SC.HS.5.5.b, SC.HS.5.5.c, SC.HS.5.5.d, SC.HS.5.5.e, SC.HS.5.5.f 

Concepts and Skills to Master 

Foundation Boxes: 
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 

Constructing Explanations and Designing Solutions: 

Constructing explanations and designing solutions in 9–12 builds 
on K–8 experiences and progresses to explanations and designs 
that are supported by multiple and independent student-
generated sources of evidence consistent with scientific ideas, 
principles, and theories.  

• 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. 

Patterns: 
• 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.  

 

 

Disciplinary Core Idea (DCI) 

PS1.A: Structure and Properties of Matter: 
• The periodic table orders elements horizontally by the number of protons in the atom’s nucleus and places those with similar 

chemical properties in columns. The repeating patterns of this table reflect patterns of outer electron states. (Note: This 
Disciplinary Core Idea is also addressed by HS.3.3.A.) 

PS1.B: Chemical Reactions: 
 The fact that atoms are conserved, together with knowledge of the chemical properties of the elements involved, can be 

used to describe and predict chemical reactions. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Elephant Toothpaste  
• Slime  
• Burning Steel Wool 
• When a piece of zinc metal is placed in a blue copper (II) sulfate solution, the zinc metal gets a brownish-red coating and the 

https://www.nap.edu/read/13165/chapter/9#106
https://www.nap.edu/read/13165/chapter/9#109
https://thewonderofscience.com/phenomenon/2018/5/13/elephant-toothpaste
https://thewonderofscience.com/phenomenon/2018/5/13/slime?rq=slime
https://thewonderofscience.com/phenomenon/2018/7/8/burning-steel-wool
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solution appears to be a lighter blue color (new substance formed) 
• When metal and an acid are combined bubbles are formed (gas evolved) 
• When a drop of green food coloring is added to water and then bleach is added drop by drop, the color changes to blue 

(color change) 
• When magnesium ribbon is burned, a bright, white light is given off (light emitted) 
• When aqueous solutions of calcium chloride and potassium hydroxide, that are clear and colorless are mixed, the solution 

appears cloudy white (precipitate formed) 
• When water is combined with calcium chloride the temperature increases, and when water is combined with ammonium 

chloride the temperature decreases (heat change) 

Evidence Statements 

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

HS.5.5.a  Construct and revise an explanation for the outcome of a simple chemical reaction based on the outermost electron states of 
atoms, trends in the periodic table, and knowledge of the patterns of chemical properties. 
1. Articulating the explanation of phenomena 

A. Students construct an explanation of the outcome of the given reaction, including: 
• The idea that the total number of atoms of each element in the reactant and products is the same; 
• The numbers and types of bonds (i.e., ionic, covalent) that each atom forms, as determined by the outermost 

(valence) electron states and the electronegativity; 
• The outermost (valence) electron state of the atoms that make up both the reactants and the products of the 

reaction is based on their position in the periodic table; and 
• A discussion of how the patterns of attraction allow the prediction of the type of reaction that occurs (e.g., formation 

of ionic compounds, combustion of hydrocarbons). 
2. Evidence 

A. Students identify and describe* the evidence to construct the explanation, including: 
• Identification of the products and reactants, including their chemical formulas and the arrangement of their 

outermost (valence) electrons; 
• Identification that the number and types of atoms are the same both before and after a reaction; 
• Identification of the numbers and types of bonds (i.e., ionic, covalent) in both the reactants and the products; 
• The patterns of reactivity (e.g., the high reactivity of alkali metals) at the macroscopic level as determined by using 

the periodic table; and 



  SC.HS.5.5.a  172  

• The outermost (valence) electron configuration and the relative electronegativity of the atoms that make up both the 
reactants and the products of the reaction based on their position in the periodic table. 

3. Reasoning 
A. Students describe* their reasoning that connects the evidence, along with the assumption that theories and laws that 

describe their natural world operate today as they did in the past and will continue to do so in the future, to construct an 
explanation for how the patterns of outermost electrons and the electronegativity of elements can be used to predict the 
number and types of bonds each element forms. 

B. In the explanation, students describe* the causal relationship between the observable macroscopic patterns of reactivity 
of elements in the periodic table and the patterns of outermost electrons for each atom and its relative electronegativity. 

4. Revising the explanation 
A. Given new evidence or context, students construct a revised or expanded explanation about the outcome of a 

chemical reaction and justify the revision. 

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 
Designing 
Solutions in K–2 
builds on prior 
experiences and 
progresses to... 

Make observations 
(firsthand or from 
media) to 
construct an 

Constructing Explanations and 
Designing Solutions 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 back 
yard). 

Use evidence (e.g., measurements, 
observations, patterns) to construct 

Constructing Explanations and 
Designing Solutions in 6-8 builds on 
K–5 experiences and progresses 
to... 

Construct an explanation using 
models or representations.  

Construct a scientific explanation 
based on valid and reliable 
evidence obtained from sources 
(including the students’ own 

Constructing Explanations and 
Designing Solutions 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 
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K-2 3-5 6-8 9-12 

evidence-based 
account for 
natural 
phenomena. 

or support an explanation or design 
a solution to a problem.  

Identify the evidence that supports 
particular points in an explanation. 

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. 

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): 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 
can be used in order to sort 
and classify natural objects 
and designed products. 

Patterns in 6-8 builds on 
K–5 experiences and 
progresses to... 

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

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. 

 

Disciplinary Core Ideas (DCIs): PS1.A: Structure and Properties of Matter, PS1.B: Chemical Reactions 

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

PS1.A in K–2 builds on 
prior experiences and 

PS1.A in 3–5 builds on K–2 
experiences and progresses to... 

PS1.A in 6-8 builds on K–5 
experiences and knowledge 

PS1.A in 9–12 builds on K–8 experiences 
and knowledge and progresses to... 

https://www.nap.edu/read/13165/chapter/9#106
https://www.nap.edu/read/13165/chapter/9#109
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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. 

PS1.B in K–2 builds on 
prior experiences and 
progresses to... 

Heating and cooling 
substances cause 
changes that are 
sometimes reversible 
and sometimes not. 

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.B in 3–5 builds on K–2 
experiences and progresses to... 

Chemical reactions that occur 
when substances are mixed can 
be identified by the emergence 
of substances with different 
properties; the total mass 
remains the same. 

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.B in 6-8 builds on K–5 
experiences and knowledge 
and progresses to... 

Reacting substances 
rearrange to form different 
molecules, but the number of 
atoms is conserved. Some 
reactions release energy and 
others absorb energy. 

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. 

PS1.B in 9–12 builds on K–8 experiences 
and knowledge and progresses to... 

Chemical processes are understood in 
terms of collisions of molecules, 
rearrangement of atoms, and changes in 
energy as determined by properties of 
elements involved. 

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the 

task, purpose, and audience. 
• LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the 

research question(s). 
• 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.10.RI.1 Analyze the development of two or more implied or explicit central ideas over the course of an informational text or 

texts. 



  SC.HS.5.5.a  175  

• LA.12.RI.1 Evaluate the development of central ideas over the course of an informational text or texts. 
• LA.12.RI.3 Evaluate an author’s perspective or purpose and how it contributes to the meaning, significance, or aesthetic of an 

informational text. 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. 

• 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. 

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

Mathematics Connections: 

• 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. 

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

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

• HS.A.3 Applications: Students will solve authentic problems using nonlinear functions. 
• HS.G.4 Logic and Proof: Students will use geometric definitions and theorems to reason abstractly and quantitatively. 
• HS.G.1 Attributes: Students will identify and describe geometric attributes, apply properties and theorems, and create two- 

dimensional shapes. 
• HS.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and 

organize data. 
• HS.D.2 Analyze Data and Interpret Results: Students will represent and analyze the data and interpret the results. 

Connection To Other Grade Level Indicators  

Authentic Connections to Other Content Standards: 
• High School Domains Model Course II 

o Chemistry Bundle 2: SC.HS.5.5.a, SC.HS.5.5.b, SC.HS.5.5.f, SC.HS.8.3.f, SC.HS.12.2.c, SC.HS.13.3.e, SC.HS.15.5.f 
• OpenSciEd Standards Alignment 

https://www.nextgenscience.org/sites/default/files/HS%20Domains%20Course%201%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/
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o C.3 Molecular Processes in Earth Systems: SC.HS.3.3a, SC.HS.3.3b, SC.HS.3.3d, SC.HS.5.5a, SC.HS.11.1b, SC.HS.13.3d, 
SC.HS.14.4c 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Chemical reaction, reactants, products, bonds (ionic, covalent), reaction type (formation of ionic compound, combustion of 

hydrocarbons, etc.), electronegativity, main group elements, valence electrons, periodic table, chemical properties, patterns, 
macroscopic, microscopic, flammability, combustible, exothermic, endothermic 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository 
• The Wonder of Science 
• Utah SEEd 

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

Knowledge, Skills, and Abilities: 
• KSA1: Students will make or evaluate claims about the outcome of a given reaction based on the idea that the total number of 

atoms of each element in the reactants and products is the same (conservation of mass). 
• KSA2: Students will make or evaluate claims about the outcome of a given reaction based on the numbers and types of bonds 

that each atom forms, as determined by the outermost (valence) electron states and electronegativity.  
• KSA3: Students will predict the type of reaction that occurs (e.g., formation of ionic compounds, combustion of hydrocarbons), 

based on patterns of attraction between atoms.  
• KSA4: Students will use patterns in the arrangements of valence electrons to predict chemical formulas for chemical species in a 

reaction. 
• KSA5: Students will use patterns in chemical equations to identify reactants and products. 
• KSA6: Students will use periodic table patterns in reactivity at the macroscopic level to predict the outcome of a simple 

chemical reaction. 
• KSA7: Students will describe their reasoning that connects the evidence gathered to construct an explanation for how the 

patterns of outermost electrons and the electronegativity of elements can be used to predict the number and types of bonds 
each element forms. 

https://www.education.ne.gov/assessment/nscas-science/
https://thewonderofscience.com/hsps14#assessments
https://docs.google.com/document/d/1bqioqWk3jO_VrwCYjODzVMWnjXp43pV2pNKs8f4syPc/edit?usp=sharing
https://sipsassessments.org/
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• KSA8: Students will describe the causal relationship between the observable macroscopic patterns of reactivity of elements in 
the periodic table and the patterns of outermost electrons for each atom and its relative electronegativity. 

• KSA9: Students will revise or expand an explanation about the outcome of a chemical reaction, given new evidence, and justify 
the revision. 
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Standard Code: SC.HS.5.5 Gather, analyze, and communicate evidence of chemical reactions. 

Conservation of matter describes the cycling of matter and the use of resources. In both chemical and physical changes, the total 
number of each type of atom is conserved. When substances are combined, they may interact with each other to form a solution. The 
proportion of substances in a solution can be represented with concentration. In a chemical change, the atoms are rearranged by 
breaking and forming bonds to create different molecules, which may have different properties. Chemical processes can be 
understood in terms of the collisions of molecules and the rearrangements of atoms. The rate at which chemical processes occur can 
be modified. In many situations, a dynamic and condition-dependent balance between a reaction and the reverse reaction 
determines the numbers of all types of molecules present. Chemists can control and design chemical systems to create desirable 
results, although sometimes there are also unintended consequences. 

Indicator Code: SC.HS.5.5.b 

Develop a model to illustrate that the release or absorption of energy from a chemical reaction system depends on the changes in 
total bond energy. Emphasis is on the idea that a chemical reaction is a system that affects the energy change. Examples of models 
could include molecular-level drawings and diagrams of reactions, graphs showing the relative energies of reactants and products, 
and representations showing energy is conserved. Assessment does not include calculating the total bond energy changes during a 
chemical reaction from the bond energies of reactants and products. 

NGSS Comparison: HS-PS1-4 

Other Indicators in this Standard 

SC.HS.5.5.a, SC.HS.5.5.c, SC.HS.5.5.d, SC.HS.5.5.e, SC.HS.5.5.f 

Concepts and Skills to Master 

Foundation Boxes: 

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

Developing and Using Models: Energy and Matter: 
• Changes of energy and matter in a system can be 
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 

Modeling in 9–12 builds on K–8 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 worlds.  

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

described in terms of energy and matter flows into, out of, 
and within that system.  

 

 

Disciplinary Core Idea (DCI) 

PS1.A: Structure and Properties of Matter: 
• A stable molecule has less energy than the same set of atoms separated; one must provide at least this energy in order to 

take the molecule apart. 

PS1.B: Chemical Reactions: 
 Chemical processes, their rates, and whether or not energy is stored or released can be understood in terms of the collisions of 

molecules and the rearrangements of atoms into new molecules, with consequent changes in the sum of all bond energies in 
the set of molecules that are matched by changes in kinetic energy. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Elephant Toothpaste 
• Reusable Heat Packs  
• Indestructible Coating - Polyurea  

Evidence Statements 

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

https://www.nap.edu/read/13165/chapter/9#106
https://www.nap.edu/read/13165/chapter/9#109
https://thewonderofscience.com/phenomenon/2018/5/13/elephant-toothpaste
https://thewonderofscience.com/phenomenon/2018/7/8/reusable-heat-packs
https://thewonderofscience.com/phenomenon
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HS.5.5.b  Develop a model to illustrate that the release or absorption of energy from a chemical reaction system depends on the 
changes in total bond energy. 
1. Components of the model 

A. Students use evidence to develop a model in which they identify and describe* the relevant components, including: 
• The chemical reaction, the system, and the surroundings under study; 
• The bonds that are broken during the course of the reaction; 
• The bonds that are formed during the course of the reaction; 
• The energy transfer between the systems and their components or the system and surroundings; 
• The transformation of potential energy from the chemical system interactions to kinetic energy in the surroundings (or 

vice versa) by molecular collisions; and 
• The relative potential energies of the reactants and the products. 

2. Relationships 
A. In the model, students include and describe* the relationships between components, including: 

• The net change of energy within the system is the result of bonds that are broken and formed during the reaction 
(Note: This does not include calculating the total bond energy changes.); 

• The energy transfer between system and surroundings by molecular collisions; 
• The total energy change of the chemical reaction system is matched by an equal but opposite change of energy in 

the surroundings (Note: This does not include calculating the total bond energy changes.); and 
• The release or absorption of energy depends on whether the relative potential energies of the reactants and products 

decrease or increase. 
3. Connections 

A. Students use the developed model to illustrate: 
• The energy change within the system is accounted for by the change in the bond energies of the reactants and 

products. (Note: This does not include calculating the total bond energy changes.) 
• Breaking bonds requires an input of energy from the system or surroundings and forming bonds releases energy to the 

system and the surroundings. 
• The energy transfer between systems and surroundings is the difference in energy between the bond energies of the 

reactants and the products. 
• The overall energy of the system and surroundings is unchanged (conserved) during the reaction. 
• Energy transfer occurs during molecular collisions. 
• The relative total potential energies of the reactants and products can be accounted for by the changes in bond 

energy. 
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Critical Background Knowledge 

Grade Band Progressions:  

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

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

Modeling 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). 

Modeling in 3–5 
builds on K–2 
experiences and 
progresses to... 

Develop and/or use 
models to describe 
and/or predict 
phenomena. 

Modeling in 6-8 builds on K–5 
experiences and progresses to... 

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

Modeling 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): 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 

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

Matter is made of particles, and 
energy can be transferred in various 
ways and between objects. The 
conservation of matter can be 
observed by tracking matter flows 
and cycles before and after 
processes and recognizing the total 

Energy and Matter in 6-8 builds on K–5 
experiences and progresses to... 

Matter is conserved because atoms are 
conserved in physical and chemical processes. 
Within a natural or designed system, the 
transfer of energy drives the motion and/or 
cycling of matter. Energy may take different 
forms (e.g., energy in fields, thermal energy, 
energy of motion). The transfer of energy can 

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

Changes of energy 
and matter in a system 
can be described in 
terms of energy and 
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K-2 3-5 6-8 9-12 

larger pieces, or 
change shapes. 

weight of substances does not 
change. 

be tracked as energy flows through a designed 
or natural system. 

matter flows into, out 
of, and within that 
system. 
 

Disciplinary Core Ideas (DCIs): PS1.A: Structure and Properties of Matter, PS1.B: Chemical Reactions 

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

PS1.A 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. 

PS1.B in K–2 builds on 
prior experiences and 
progresses to... 

Heating and cooling 
substances cause 
changes that are 
sometimes reversible and 

PS1.A 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.B in 3–5 builds on K–2 
experiences and progresses 
to... 

Chemical reactions that occur 
when substances are mixed 
can be identified by the 
emergence of substances with 
different properties; the total 

PS1.A 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.B in 6-8 builds on K–5 
experiences and knowledge 
and progresses to...  

Reacting substances rearrange 
to form different molecules, but 
the number of atoms is 
conserved. Some reactions 
release energy and others 

PS1.A in 9–12 builds on K–8 
experiences and knowledge and 
progresses to... 

A stable molecule has less energy 
than the same set of atoms 
separated; one must provide at least 
this energy in order to take the 
molecule apart. 

 

PS1.B in 9–12 builds on K–8 
experiences and knowledge and 
progresses to... 

Chemical processes, their rates, and 
whether or not energy is stored or 
released can be understood in terms 
of the collisions of molecules and the 
rearrangements of atoms into new 
molecules, with consequent changes 

https://www.nap.edu/read/13165/chapter/9#106
https://www.nap.edu/read/13165/chapter/9#109
https://www.nap.edu/read/13165/chapter/9#106
https://www.nap.edu/read/13165/chapter/9#109
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K-2 3-5 6-8 9-12 

sometimes not. mass remains the same. absorb energy. in the sum of all bond energies in the 
set of molecules that are matched by 
changes in kinetic energy. 

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the 

task, purpose, and audience. 
• LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the 

research question(s). 
• 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.10.RI.1 Analyze the development of two or more implied or explicit central ideas over the course of an informational text or 

texts. 
• LA.12.RI.1 Evaluate the development of central ideas over the course of an informational text or texts. 
• LA.12.RI.3 Evaluate an author’s perspective or purpose and how it contributes to the meaning, significance, or aesthetic of an 

informational text. 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. 

• 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. 

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

Mathematics Connections: 
• 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. 
• 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. 
• HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving 

linear and quadratic equations, and inequalities. 
• HS.A.3 Applications: Students will solve authentic problems using nonlinear functions. 
• HS.G.4 Logic and Proof: Students will use geometric definitions and theorems to reason abstractly and quantitatively. 
• HS.G.1 Attributes: Students will identify and describe geometric attributes, apply properties and theorems, and create two- 

dimensional shapes. 
• HS.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and 

organize data. 
• HS.D.2 Analyze Data and Interpret Results: Students will represent and analyze the data and interpret the results. 

Connection To Other Grade Level Indicators  

Authentic Connections to Other Content Standards: 
• High School Domains Model Course II (Chemistry) 

o Chemistry Bundle 2: SC.HS.5.5.a, SC.HS.5.5.b, SC.HS.5.5.f, SC.HS.8.3.f, SC.HS.12.2.c, SC.HS.13.3.e, SC.HS.15.5.f 
• OpenSciEd Standards Alignment 

o C.5 Energy from Chemical & Nuclear Reactions: SC.HS.3.3.c, SC.HS.4.4.a, SC.HS.4.4b, SC.HS.4.4.d, SC.HS.4.4f, SC.HS.5.5.b, 
SC.HS.15.5a, SC.HS.15.5b, SC.HS.15.5d 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Chemical reaction system (chemicals, surroundings), total bond energy, bonds, potential energy (bond energy of reactants, 

bond energy of products), kinetic energy (surroundings by molecular collisions) 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository 
• Utah SEED 
• The Wonder of Science 

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

https://www.nextgenscience.org/sites/default/files/HS%20Domains%20Course%201%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/
https://www.education.ne.gov/assessment/nscas-science/
https://docs.google.com/document/d/1u-wWabhowOS1d3Lcdh_BCjZU6bvClZc06qKOBx28CpA/edit
https://thewonderofscience.com/hsps14#assessments
https://sipsassessments.org/
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Knowledge, Skills, and Abilities: 
• KSA1: Students will use evidence from a chemical reaction system to identify the reaction, the limits of the system, and the 

surroundings within the phenomena.  
• KSA2: Students will use evidence from a chemical reaction system to identify bonds that are broken and formed during the 

course of the reaction and illustrate the energy transfer between components of the phenomena or between the system and 
the surroundings in a model.  

• KSA3: Students will identify evidence of the potential energies of the reactants and the products in the phenomena.  
• KSA4: Students will use evidence from a chemical reaction system to identify the transformation of potential energy to kinetic 

energy between the chemical system interactions and the surroundings through molecular collisions to develop a model.  
• KSA5: Students will use the model to describe the net change of energy within the system is the result of bonds that are broken 

and formed during the reaction, not to include calculating the total bond energy changes. 
• KSA6: Students will model molecular collisions to describe the energy transfer between the chemical reaction system and the 

surroundings to explain how the total energy change in the chemical reaction system is matched by an equal but opposite 
change in energy in the surroundings, again, not to include calculating total bond energy changes.  

• KSA7: Students will use the model to describe the release or absorption of energy and how it depends on whether the relative 
potential energies or the reactants and products decrease or increase.  

• KSA8: Students will evaluate their model for correctly showing how energy transfers during molecular collisions and breaking 
bonds requires an input of energy from the system or surroundings and forming bonds releases energy to the system and the 
surroundings.  

• KSA9: Students will evaluate their model by accounting for the relative total potential energies of the reactants and products by 
the changes in bond energy.  

• KSA10: Students will conclude and describe in the model that the energy transfer between systems and surroundings is the 
difference in energy between the bond energies of the reactants and the products and the overall energy of the system and 
surroundings is unchanged (conserved) during the reaction. 

Standard Code: SC.HS.5.5 Gather, analyze, and communicate evidence of chemical reactions. 

Conservation of matter describes the cycling of matter and the use of resources. In both chemical and physical changes, the total 
number of each type of atom is conserved. When substances are combined, they may interact with each other to form a solution. The 
proportion of substances in a solution can be represented with concentration. In a chemical change, the atoms are rearranged by 
breaking and forming bonds to create different molecules, which may have different properties. Chemical processes can be 
understood in terms of the collisions of molecules and the rearrangements of atoms. The rate at which chemical processes occur can 
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be modified. In many situations, a dynamic and condition-dependent balance between a reaction and the reverse reaction 
determines the numbers of all types of molecules present. Chemists can control and design chemical systems to create desirable 
results, although sometimes there are also unintended consequences. 

Indicator Code: SC.HS.5.5.c 

Apply scientific principles and evidence to provide an explanation about the effects of changing the temperature or concentration of 
the reacting particles on the rate at which a reaction occurs. Emphasis is on student reasoning that focuses on the number and energy 
of collisions between molecules. Assessment is limited to simple reactions in which there are only two reactants; evidence from 
temperature, concentration, and rate data; and qualitative relationships between rate and temperature. 

NGSS Comparison: HS-PS1-5 

Other Indicators in this Standard 

SC.HS.5.5.a, SC.HS.5.5.b, SC.HS.5.5.d, SC.HS.5.5.e, SC.HS.5.5.f 

Concepts and Skills to Master 

Foundation Boxes: 

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

Constructing Explanations and Designing Solutions: 

Constructing explanations and designing solutions in 9–12 builds 
on K–8 experiences and progresses to explanations and designs 
that are supported by multiple and independent student-
generated sources of evidence consistent with scientific ideas, 
principles, and theories.  

• Apply scientific principles and evidence to provide an 
explanation of phenomena and solve design problems, 
taking into account possible unanticipated effects. 

Patterns: 
• 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 Idea (DCI) 

PS1.B: Chemical Reactions: 
• Chemical processes, their rates, and whether or not energy is stored or released can be understood in terms of the collisions of 

molecules and the rearrangements of atoms into new molecules, with consequent changes in the sum of all bond energies in 
the set of molecules that are matched by changes in kinetic energy. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Elephant Toothpaste  
• Indestructible Coating - Polyurea  
• Reaction in a Bag  

Evidence Statements 

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

HS.5.5.c  Apply scientific principles and evidence to provide an explanation about the effects of changing the temperature or 
concentration of the reacting particles on the rate at which a reaction occurs. 
1. Articulating the explanation of phenomena 

A. Students construct an explanation that includes the idea that as the kinetic energy of colliding particles increases and 
the number of collisions increases, the reaction rate increases. 

2. Evidence 
A. Students identify and describe* evidence to construct the explanation, including: 

• Evidence (e.g., from a table of data) of a pattern that increases in concentration (e.g., a change in one 
concentration while the other concentration is held constant) increases the reaction rate, and vice versa; and 

• Evidence of a pattern that increases in temperature usually increase the reaction rate, and vice versa. 
3. Reasoning 

A. Students use and describe* the following chain of reasoning that integrates evidence, facts, and scientific principles to 
construct the explanation: 
• Molecules that collide can break bonds and form new bonds, producing new molecules.  
• The probability of bonds breaking in the collision depends on the kinetic energy of the collision being sufficient to 

break the bond, since bond breaking requires energy. 

https://www.nap.edu/read/13165/chapter/9#109
https://thewonderofscience.com/phenomenon/2018/5/13/elephant-toothpaste
https://thewonderofscience.com/phenomenon
https://thewonderofscience.com/phenomenon/2018/7/8/reaction-in-a-bag
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• Since temperature is a measure of average kinetic energy, a higher temperature means that molecular collisions will, 
on average, be more likely to break bonds and form new bonds.  

• At a fixed concentration, molecules that are moving faster also collide more frequently, so molecules with higher 
kinetic energy are likely to collide more often. 

• A high concentration means that there are more molecules in a given volume and thus more particle collisions per 
unit of time at the same temperature. 

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 
Designing Solutions in K–2 builds 
on prior experiences and 
progresses to... 

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

Use tools and/or materials to 
design and/or build a device 
that solves a specific problem or 
a solution to a specific problem. 

Constructing 
Explanations and 
Designing Solutions in 
3–5 builds on K–2 
experiences and 
progresses to... 

Identify the evidence 
that supports particular 
points in an 
explanation. 

Apply scientific ideas 
to solve design 
problems. 

Constructing Explanations and 
Designing Solutions in 6-8 builds on 
K–5 experiences and progresses 
to... 

Apply scientific reasoning to show 
why the data or evidence is 
adequate for the explanation or 
conclusion. 

Apply scientific ideas or principles 
to design, construct, and/or test a 
design of an object, tool, process or 
system. 

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

Apply scientific principles and 
evidence to provide an 
explanation of phenomena and 
solve design problems, taking into 
account possible unanticipated 
effects. 

Crosscutting Concepts (CCCs): Patterns 



  SC.HS.5.5.c  189  

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 can 
be used in order to sort and 
classify natural objects and 
designed products. Patterns can 
be related to time, including 
simple rates of change and 
cycles, and these patterns can 
be used to make predictions. 

Patterns in 6-8 builds on K–5 experiences and 
progresses to... 

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, and 
graphs and charts 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. 

Disciplinary Core Ideas (DCIs): PS1.B: Chemical Reactions 

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

PS1.B in K–2 builds 
on prior 
experiences and 
progresses to... 

Heating and 
cooling substances 
cause changes 
that are sometimes 
reversible and 
sometimes not. 

PS1.B in 3–5 builds on K–2 
experiences and progresses 
to... 

Chemical reactions that 
occur when substances are 
mixed can be identified by 
the emergence of 
substances with different 
properties; the total mass 
remains the same. 

PS1.B in 6-8 builds on K–5 
experiences and knowledge 
and progresses to... 

Reacting substances 
rearrange to form different 
molecules, but the number 
of atoms is conserved. Some 
reactions release energy 
and others absorb energy. 

PS1.B in 9–12 builds on K–8 experiences and 
knowledge and progresses to... 

Chemical processes, their rates, and whether or 
not energy is stored or released can be 
understood in terms of the collisions of molecules 
and the rearrangements of atoms into new 
molecules, with consequent changes in the sum 
of all bond energies in the set of molecules that 
are matched by changes in kinetic energy. 

https://www.nap.edu/read/13165/chapter/9#109
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Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the 

task, purpose, and audience. 
• LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the 

research question(s). 
• 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.10.RI.1 Analyze the development of two or more implied or explicit central ideas over the course of an informational text or 

texts. 
• LA.12.RI.1 Evaluate the development of central ideas over the course of an informational text or texts. 
• LA.12.RI.3 Evaluate an author’s perspective or purpose and how it contributes to the meaning, significance, or aesthetic of an 

informational text. 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. 

• 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. 

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

Mathematics Connections: 
• 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. 
• HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and 

interpret results in context. 
• HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving 

linear and quadratic equations, and inequalities. 
• HS.A.3 Applications: Students will solve authentic problems using nonlinear functions. 
• HS.G.4 Logic and Proof: Students will use geometric definitions and theorems to reason abstractly and quantitatively. 
• HS.G.1 Attributes: Students will identify and describe geometric attributes, apply properties and theorems, and create two- 

dimensional shapes. 
• HS.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and 
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organize data. 
• HS.D.2 Analyze Data and Interpret Results: Students will represent and analyze the data and interpret the results. 

Connection To Other Grade Level Indicators  

Authentic Connections to Other Content Standards:  
• High School Domains Model Course II  

o Chemistry Bundle 4:  SC.HS.4.4.d, SC.HS.5.5.c, SC.HS.5.5.d, SC.HS.13.3d, SC.HS.15.5.b 
• OpenSciEd Standards Alignment 

o C.4 Chemical Reactions in Our World: SC.HS.4.4.d, SC.HS.5.5.c, SC.HS.5.5.d, SC.HS.5.5.e, SC.HS.5.5.f, SC.HS.13.3.e, 
SC.HS.15.5.d 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Temperature, concentration, chemical reaction, reactants, products, chemical bonds, molecules, rate of reaction, collision 

theory, kinetic energy, patterns 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository 
• The Wonder of Science 
• Utah SEEd 

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

Knowledge, Skills, and Abilities: 
• KSA1: Students will identify and describe evidence from a table of data of a pattern that increases in concentration increase 

reaction rate or vice versa due to the collision rate among the atoms and proximity. 
• KSA2: Students will identify and describe evidence of a pattern that increases in temperature usually increase the reaction rate, 

and vice versa due to the collision rate among the atoms and kinetic energy levels. 
• KSA3: Students will interpret experimental data to explain repeating relationships between temperature, concentration, and 

reaction rate based on observed trends affecting bond formation and breaking. 

https://www.nextgenscience.org/sites/default/files/HS%20Modified%20Domains%20Physics%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/
https://www.education.ne.gov/assessment/nscas-science/
https://thewonderofscience.com/hsps15#assessments
https://docs.google.com/document/d/1aRkcUqwASvd8PaX7CP_GCf9I8EL_nnN3761R_Xyk4UU/edit?usp=sharing
https://sipsassessments.org/
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• KSA4: Students will use evidence of established patterns to identify the probability of bonds breaking in the collision depends on 
the kinetic energy of the collision being sufficient to break the bond, since bond breaking requires energy. 

• KSA5: Students will justify why temperature follows a predictable trend – with higher temperature means that molecular collisions 
will, on average, be more likely to break bonds and form new bonds 

• KSA6: Students will justify why concentration follows predictable trends—at a fixed concentration, molecules that are moving 
faster also collide more frequently, so molecules with higher kinetic energy are likely to collide more often. 

• KSA7: Students will explain why using evidence shows how a high concentration means that there are more molecules in a 
given volume and thus more particle collisions per unit of time at the same temperature. 

• KSA8: Students will develop a claim supported by observed regularities, explaining how changing temperature or concentration 
affects reaction rate based on consistent data patterns. 

• KSA9: Students will predict how reaction rates will follow expected trends under new conditions (e.g., doubling concentration or 
lowering temperature). 
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Standard Code: SC.HS.5.5 Gather, analyze, and communicate evidence of chemical reactions. 

Conservation of matter describes the cycling of matter and the use of resources. In both chemical and physical changes, the total 
number of each type of atom is conserved. When substances are combined, they may interact with each other to form a solution. The 
proportion of substances in a solution can be represented with concentration. In a chemical change, the atoms are rearranged by 
breaking and forming bonds to create different molecules, which may have different properties. Chemical processes can be 
understood in terms of the collisions of molecules and the rearrangements of atoms. The rate at which chemical processes occur can 
be modified. In many situations, a dynamic and condition-dependent balance between a reaction and the reverse reaction 
determines the numbers of all types of molecules present. Chemists can control and design chemical systems to create desirable 
results, although sometimes there are also unintended consequences. 

Indicator Code: SC.HS.5.5.d 

Refine the design of a chemical system by specifying a change in conditions that would produce increased amounts of products at 
equilibrium. Emphasis is on the application of Le Chatelier’s Principle and on refining designs of chemical reaction systems, including 
descriptions of the connection between changes made at the macroscopic level and what happens at the molecular level. Examples 
of designs could include different ways to increase product formation including adding reactants or removing products. Assessment is 
limited to specifying the change in only one variable at a time. Assessment does not include calculating equilibrium constants and 
concentrations. 

NGSS Comparison: HS-PS1-6 

Other Indicators in this Standard 

SC.HS.5.5.a, SC.HS.5.5.b, SC.HS.5.5.c, SC.HS.5.5.e, SC.HS.5.5.f 

Concepts and Skills to Master 

Foundation Boxes: 

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

Constructing Explanations and Designing Solutions: Stability and Change: 
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 

Constructing explanations and designing solutions in 9–12 builds 
on K–8 experiences and progresses to explanations and designs 
that are supported by multiple and independent student-
generated sources of evidence consistent with scientific ideas, 
principles, and theories.  

• Refine a solution to a complex real-world problem, based 
on scientific knowledge, student-generated sources of 
evidence, prioritized criteria, and tradeoff considerations. 

• Much of science deals with constructing explanations of 
how things change and how they remain stable.  

 

 

Disciplinary Core Idea (DCI) 

PS1.B: Chemical Reactions: 
• In many situations, a dynamic and condition-dependent balance between a reaction and the reverse reaction determines 

the numbers of all types of molecules present. 

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

• Slime  
• Reusable Heat Packs  
• Indestructible Coating - Polyurea  

Evidence Statements 

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

HS.5.5.d Refine the design of a chemical system by specifying a change in conditions that would produce increased amounts of 
products at equilibrium. 
1. Using scientific knowledge to generate the design solution 

A. Students identify and describe* potential changes in a component of the given chemical reaction system that will 
increase the amounts of particular species at equilibrium. Students use evidence to describe* the relative quantities of a 

https://www.nap.edu/read/13165/chapter/9#109
https://thewonderofscience.com/phenomenon/2018/5/13/slime?rq=slime
https://thewonderofscience.com/phenomenon/2018/7/8/reusable-heat-packs
https://thewonderofscience.com/phenomenon
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product before and after changes to a given chemical reaction system (e.g., concentration increases, decreases, or 
stays the same), and will explicitly use Le Chatelier’s principle, including: 
• How, at a molecular level, a stress involving a change to one component of an equilibrium system affects other 

components; 
• That changing the concentration of one of the components of the equilibrium system will change the rate of the 

reaction (forward or backward) in which it is a reactant, until the forward and backward rates are again equal; and 
• A description* of a system at equilibrium that includes the idea that both the forward and backward reactions are 

occurring at the same rate, resulting in a system that appears stable at the macroscopic level. 
2. Describing criteria and constraints, including quantification when appropriate 

A. Students describe* the prioritized criteria and constraints and quantify each when appropriate. Examples of constraints to 
be considered are cost, energy required to produce a product, hazardous nature and chemical properties of reactants 
and products, and availability of resources. 

3. Evaluating potential solutions 
A. Students systematically evaluate the proposed refinements to the design of the given chemical system. The potential 

refinements are evaluated by comparing the redesign to the list of criteria (i.e., increased product) and constraints (e.g., 
energy required, availability of resources). 

4. Refining and/or optimizing the design solution 
A. Students refine the given designed system by making tradeoffs that would optimize the designed system to increase the 

amount of product and describe* the reasoning behind design decisions. 

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 Designing Solutions in 
K–2 builds on prior 
experiences and 

Constructing Explanations and 
Designing Solutions in 3–5 builds 
on K–2 experiences and 
progresses to... 

Constructing Explanations 
and Designing Solutions in 
6-8 builds on K–5 
experiences and 

Constructing Explanations and 
Designing Solutions in 9-12 builds on K–
8 experiences and progresses to 
college or career experiences. 
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K-2 3-5 6-8 9-12 

progresses to... 

Generate and/or compare 
multiple solutions to a 
problem. 

Generate and compare 
multiple solutions to a problem 
based on how well they meet 
the criteria and constraints of 
the design solution. 

progresses to... 

Optimize performance of a 
design by prioritizing 
criteria, making tradeoffs, 
testing, revising, and 
retesting. 

Refine a solution to a complex real-
world problem, based on scientific 
knowledge, student-generated sources 
of evidence, prioritized criteria, and 
tradeoff 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, and things 
may change slowly 
or rapidly. 

Stability and Change in 3–5 
builds on K–2 experiences 
and progresses to... 

Change can be measured 
in terms of differences over 
time and may occur at 
different rates. Some systems 
may 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... 

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

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 (DCIs): PS1.B: Chemical Reactions 

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

PS1.B in K–2 builds on 
prior experiences and 
progresses to... 

Heating and cooling 
substances cause 
changes that are 
sometimes reversible 
and sometimes not. 

PS1.B in 3–5 builds on K–2 
experiences and progresses to... 

Chemical reactions that occur 
when substances are mixed can 
be identified by the emergence of 
substances with different 
properties; the total mass remains 
the same. 

PS1.B in 6-8 builds on K–5 
experiences and knowledge 
and progresses to... 

Reacting substances rearrange 
to form different molecules, but 
the number of atoms is 
conserved. Some reactions 
release energy and others 
absorb energy 

PS1.B in 9–12 builds on K–8 
experiences and knowledge and 
progresses to... 

In many situations, a dynamic and 
condition-dependent balance 
between a reaction and the 
reverse reaction determines the 
numbers of all types of molecules 
present. 
 

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the 

task, purpose, and audience. 
• LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the 

research question(s). 
• 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.10.RI.1 Analyze the development of two or more implied or explicit central ideas over the course of an informational text or 

texts. 
• LA.12.RI.1 Evaluate the development of central ideas over the course of an informational text or texts. 
• LA.12.RI.3 Evaluate an author’s perspective or purpose and how it contributes to the meaning, significance, or aesthetic of an 

informational text. 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. 

• 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. 

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

https://www.nap.edu/read/13165/chapter/9#109
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• 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. 

• 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. 

Mathematics Connections: 
• 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. 
• HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and 

interpret results in context. 
• HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving 

linear and quadratic equations, and inequalities. 
• HS.A.3 Applications: Students will solve authentic problems using nonlinear functions. 
• HS.G.4 Logic and Proof: Students will use geometric definitions and theorems to reason abstractly and quantitatively. 
• HS.G.1 Attributes: Students will identify and describe geometric attributes, apply properties and theorems, and create two- 

dimensional shapes. 
• HS.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and 

organize data. 
• HS.D.2 Analyze Data and Interpret Results: Students will represent and analyze the data and interpret the results. 

Connection To Other Grade Level Indicators  

Authentic Connections to Other Content Standards:  
• High School Domains Model Course II  

o Chemistry Bundle 4:  SC.HS.4.4.d, SC.HS.5.5.c, SC.HS.5.5.d, SC.HS.13.3d, SC.HS.15.5.b 
• OpenSciEd Standards Alignment 

o C.4 Chemical Reactions in Our World: SC.HS.4.4.d, SC.HS.5.5.c, SC.HS.5.5.d, SC.HS.5.5.e, SC.HS.5.5.f, SC.HS.13.3.e, 
SC.HS.15.5.d 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Chemical reaction system, reactants, products, equilibrium, Le Chatelier’s Principle, concentration, design solution, stability and 

change 

https://www.nextgenscience.org/sites/default/files/HS%20Modified%20Domains%20Physics%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/
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Assessment Considerations 

Formative Assessment: 
• Formative Task Repository 
• Utah SEEd 
• The Wonder of Science 

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

Knowledge, Skills, and Abilities: 
• KSA1: Students will describe the problem of optimizing product yield in a chemical equilibrium system, identifying how changes 

in equilibrium impact efficiency and production. 
• KSA2: Students will identify criteria and constraints for modifying the chemical system, considering factors such as energy costs, 

reaction efficiency, safety, and environmental impact. 
• KSA3: Students will brainstorm possible changes to the system (e.g., concentration, temperature, pressure) and analyze how 

they align with the criteria and constraints using Le Chatelier’s Principle. 
• KSA4: Students will develop a prototype model (physical, mathematical, or computational) that predicts equilibrium shifts based 

on specific changes in reaction conditions. 
• KSA5: Students will conduct tests or simulations to collect data on how a proposed modification affects equilibrium, tracking 

product formation and system stability. 
• KSA6: Students will analyze experimental or simulated data to determine if the solution meets the desired criteria, evaluating 

trade-offs between efficiency and constraints. 
• KSA7: Students will refine the designed system by making tradeoffs that would optimize the designed system to increase the 

amount of product and describe the reasoning behind design decisions. 
• KSA8: Students will communicate findings through an evidence-based explanation, defending the refined design’s effectiveness 

in optimizing equilibrium conditions. 

https://www.education.ne.gov/assessment/nscas-science/
https://docs.google.com/document/d/18OZAydsSdQ7ISSau2ypgsE9ZZlsnCSiw-H5W74uehsk/edit
https://thewonderofscience.com/hsps16#assessments
https://sipsassessments.org/
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Standard Code: SC.HS.5.5 Gather, analyze, and communicate evidence of chemical reactions. 

Conservation of matter describes the cycling of matter and the use of resources. In both chemical and physical changes, the total 
number of each type of atom is conserved. When substances are combined, they may interact with each other to form a solution. The 
proportion of substances in a solution can be represented with concentration. In a chemical change, the atoms are rearranged by 
breaking and forming bonds to create different molecules, which may have different properties. Chemical processes can be 
understood in terms of the collisions of molecules and the rearrangements of atoms. The rate at which chemical processes occur can 
be modified. In many situations, a dynamic and condition-dependent balance between a reaction and the reverse reaction 
determines the numbers of all types of molecules present. Chemists can control and design chemical systems to create desirable 
results, although sometimes there are also unintended consequences. 

Indicator Code: SC.HS.5.5.e 

Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved 
through engineering. 

NGSS Comparison: HS-ETS1-2 

Other Indicators in this Standard 

SC.HS.5.5.a, SC.HS.5.5.b, SC.HS.5.5.c, SC.HS.5.5.d, SC.HS.5.5.f 

Concepts and Skills to Master 

Foundation Boxes: 

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

Constructing Explanations and Designing Solutions: 

Constructing explanations and designing solutions in 9–12 builds 
on K–8 experiences and progresses to explanations and designs 
that are supported by multiple and independent student-

Connections to Engineering, Technology, and Applications of 
Science 

• Modern civilization depends on major technological 
systems. Engineers continuously modify these 
technological systems by applying scientific knowledge 
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 
generated sources of evidence consistent with scientific ideas, 
principles, and theories.  

• Design a solution to a complex real-world problem, based 
on scientific knowledge, student-generated sources of 
evidence, prioritized criteria, and tradeoff considerations. 

and engineering design practices to increase benefits 
while decreasing costs and risks. 

 

Disciplinary Core Idea (DCI) 

ETS1.C: Optimizing the Design Solution: 
• Criteria may need to be broken down into simpler ones that can be approached systematically, and decisions about the 

priority of certain criteria over others (trade-offs) may be needed. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Elephant Toothpaste  
• Slime  
• Burning Steel Wool  
• Reusable Heat Packs  
• Indestructible Coating - Polyurea  
• Reaction in a Bag 

Evidence Statements 

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

HS.5.5.e  Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be 
solved through engineering. 
1. Using scientific knowledge to generate the design solution 

A. Students restate the original complex problem into a finite set of two or more sub-problems (in writing or as a diagram or 
flow chart). 

https://www.nap.edu/read/13165/chapter/12#208
https://thewonderofscience.com/phenomenon/2018/5/13/elephant-toothpaste
https://thewonderofscience.com/phenomenon/2018/5/13/slime?rq=slime
https://thewonderofscience.com/phenomenon/2018/7/8/burning-steel-wool
https://thewonderofscience.com/phenomenon/2018/7/8/reusable-heat-packs
https://thewonderofscience.com/phenomenon
https://thewonderofscience.com/phenomenon/2018/7/8/reaction-in-a-bag
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B. For at least one of the sub-problems, students propose two or more solutions that are based on student-generated data 
and/or scientific information from other sources. 

C. Students describe* how solutions to the sub-problems are interconnected to solve all or part of the larger problem. 
2. Describing criteria and constraints, including quantification when appropriate 

A. Students describe* criteria and constraints for the selected sub-problem. 
B. Students describe* the rationale for the sequence of how sub-problems are to be solved, and which criteria should be 
given highest priority if tradeoffs must be made. 

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 Designing Solutions in 
K–2 builds on prior 
experiences and 
progresses to... 

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 6-8 builds 
on K–5 experiences and 
progresses to... 

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, testing, 
revising, and retesting. 

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

Design a solution to a complex real-
world problem, based on scientific 
knowledge, student-generated 
sources of evidence, prioritized 
criteria, and tradeoff considerations. 
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Crosscutting Concepts (CCCs): None 

Disciplinary Core Ideas (DCIs): ETS1.C: Optimizing the Design Solution 

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

ETS1.C in K–2 
builds on prior 
experiences and 
progresses to... 

Because there is 
always more than 
one possible 
solution to a 
problem, it is 
useful to compare 
and test designs. 
 

ETS1.C in 3–5 builds 
on K–2 
experiences and 
progresses to... 

Different solutions 
need to be tested 
in order to 
determine which 
of them best solves 
the problem, given 
the criteria and 
the constraints. 

ETS1.C in 6-8 builds on K–5 experiences and knowledge 
and progresses to... 

Although one design may not perform the best across all 
tests, identifying the characteristics of the design that 
performed the best in each test can provide useful 
information for the redesign process—that is, some of the 
characteristics may be incorporated into the new design. 

The iterative process of testing the most promising 
solutions and modifying what is proposed on the basis of 
the test results leads to greater refinement and ultimately 
to an optimal solution. 

ETS1.C in 9–12 builds on K–8 
experiences and knowledge 
and progresses to... 

Criteria may need to be broken 
down into simpler ones that 
can be approached 
systematically, and decisions 
about the priority of certain 
criteria over others (trade-offs) 
may be needed. 

Connection To Other Grade Level Indicators 

ELA Connections: 
• LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the 

task, purpose, and audience. 
• LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the 

research question(s). 
• 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.10.RI.1 Analyze the development of two or more implied or explicit central ideas over the course of an informational text or 

texts. 
• LA.12.RI.1 Evaluate the development of central ideas over the course of an informational text or texts. 
• LA.12.RI.3 Evaluate an author’s perspective or purpose and how it contributes to the meaning, significance, or aesthetic of an 

https://www.nap.edu/read/13165/chapter/12#208
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informational text. 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. 

• 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. 

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

Mathematics Connections: 
• 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. 
• HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and 

interpret results in context. 
• HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving 

linear and quadratic equations, and inequalities. 
• HS.A.3 Applications: Students will solve authentic problems using nonlinear functions. 
• HS.G.4 Logic and Proof: Students will use geometric definitions and theorems to reason abstractly and quantitatively. 
• HS.G.1 Attributes: Students will identify and describe geometric attributes, apply properties and theorems, and create two- 

dimensional shapes. 
• HS.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and 

organize data. 
• HS.D.2 Analyze Data and Interpret Results: Students will represent and analyze the data and interpret the results. 

Related Cross-Curricular Standards: Current Grade Level 

Authentic Connections to Other Content Standards:  
• High School Domains Model Course II 

o Physics Bundle 3: SC.HS.4.4.a, SC.HS.4.4.c, SC.HS.4.4.e, SC.HS.5.5.e, SC.HS.12.2.b, SC.HS.13.3.a, SC.HS.13.3.b, SC.HS.13.3.d, 
SC.HS.14.4.c 

• OpenSciEd Standards Alignment 
o C.4 Chemical Reactions in Our World: SC.HS.4.4.d, SC.HS.5.5.c, SC.HS.5.5.d, SC.HS.5.5.e, SC.HS.5.5.f, SC.HS.13.3.e, 

SC.HS.15.5.d 

https://www.nextgenscience.org/sites/default/files/HS%20Modified%20Domains%20Physics%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/
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Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Engineering design, solution, criteria, constraint, tradeoff, priority 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository 
• Utah 
• Utah 

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

Knowledge, Skills, and Abilities: 
• KSA1: Students will describe a complex real-world problem by identifying its key components and explaining how they interact 

within a larger system. 
• KSA2: Students will break down the complex problem into smaller, more manageable sub-problems that can be addressed 

individually through engineering solutions. 
• KSA3: Identify criteria and constraints for solving the sub-problems, considering factors such as cost, safety, efficiency, and 

environmental impact. 
• KSA4: Students will brainstorm multiple possible solutions for at least one sub-problem and analyze how well each option aligns 

with the given criteria and constraints. 
• KSA5: Students will develop a prototype model (physical, computational, or conceptual) to represent a proposed solution, 

demonstrating how it addresses a specific sub-problem. 
• KSA6: Students will test the prototype through experimentation or simulation to collect data on its effectiveness in meeting the 

criteria for success. 
• KSA7: Students will analyze data from testing to determine how well the solution meets the problem’s requirements, identifying 

strengths and limitations. 
• KSA8: Students will evaluate how solutions to individual sub-problems interconnect to contribute to solving the larger, complex 

problem. 
• KSA9: Students will iterate and refine the design by modifying components based on test results, making trade-offs to optimize 

performance. 

https://www.education.ne.gov/assessment/nscas-science/
https://docs.google.com/document/d/1qagbrE_AMcB4uMDNi0EPoZmBVgjsQoOomP41AN7hZWo/edit?usp=sharing
https://docs.google.com/document/d/1XmXDNtvjpvm-FQb9T12QwVr00PTMpj0RioynXigZsGI/edit?usp=sharing
https://sipsassessments.org/
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• KSA10: Students will communicate the final solution with an evidence-based explanation, justifying how the refined design 
effectively addresses the real-world problem
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Standard Code: SC.HS.5.5 Gather, analyze, and communicate evidence of chemical reactions. 

Conservation of matter describes the cycling of matter and the use of resources. In both chemical and physical changes, the total 
number of each type of atom is conserved. When substances are combined, they may interact with each other to form a solution. The 
proportion of substances in a solution can be represented with concentration. In a chemical change, the atoms are rearranged by 
breaking and forming bonds to create different molecules, which may have different properties. Chemical processes can be 
understood in terms of the collisions of molecules and the rearrangements of atoms. The rate at which chemical processes occur can 
be modified. In many situations, a dynamic and condition-dependent balance between a reaction and the reverse reaction 
determines the numbers of all types of molecules present. Chemists can control and design chemical systems to create desirable 
results, although sometimes there are also unintended consequences. 

Indicator Code: SC.HS.5.5.f 

Use mathematical representations to support the claim that atoms, and therefore mass, are conserved during a chemical reaction. 
Emphasis is on using mathematical ideas to communicate the proportional relationships between masses of atoms in the reactants 
and the products, and the translation of these relationships to the macroscopic scale using the mole as the conversion from the atomic 
to the macroscopic scale. Emphasis is on assessing students’ use of mathematical thinking and not on memorization and rote 
application of problem-solving techniques. Assessment does not include complex chemical reactions. 

NGSS Comparison: HS-PS1-7 

Other Indicators in this Standard 

SC.HS.5.5.a, SC.HS.5.5.b, SC.HS.5.5.c, SC.HS.5.5.d, SC.HS.5.5.e 

Concepts and Skills to Master 

Foundation Boxes: 

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

Using Mathematics and Computational Thinking: Energy and Matter: 
 The total amount of energy and matter in closed systems is 
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 

Mathematical and computational thinking at the 9–12 level 
builds on K–8 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. 

• Use mathematical representations of phenomena to 
support claims. 

conserved.  

 

Connections to Nature of Science 

Scientific Knowledge Assumes an Order and Consistency in 
Natural Systems: 

• Science assumes the universe is a vast single system in 
which basic laws are consistent. 

 

Disciplinary Core Idea (DCI) 

PS1.B: Chemical Reactions: 
 The fact that atoms are conserved, together with knowledge of the chemical properties of the elements involved, can be 

used to describe and predict chemical reactions. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Burning Steel Wool 
• Reusable Heat Packs 
• Reaction in a Bag 
• A piece of steel wool is burned in a watch glass on an electronic balance and the mass increases 
• When baking soda and vinegar are mixed in an open container, the mass decreases and in a closed container the mass 

remains the same 
• Carbon is conserved on earth through the carbon cycle 
• The mass of the aqueous silver nitrate and sodium chloride solutions are the same as the solution and solid in the products 
• The mass of carbon dioxide absorbed by a plant equals the mass of glucose and water produced through photosynthesis 
• The mass of an effervescent tablet in a balloon that is covering the mouth of a flask containing water is the same as the mass 

after the tablet is mixed with the water in the flask, but if the balloon is not used the final mass decreases 

https://www.nap.edu/read/13165/chapter/9#109
https://thewonderofscience.com/phenomenon/2018/7/8/burning-steel-wool
https://thewonderofscience.com/phenomenon/2018/7/8/reusable-heat-packs
https://thewonderofscience.com/phenomenon/2018/7/8/reaction-in-a-bag
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Evidence Statements 

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

HS.5.5.f  Use mathematical representations to support the claim that atoms, and therefore mass, are conserved during a chemical 
reaction. 
1. Representation 

A. Students identify and describe* the relevant components in the mathematical representations: 
• Quantities of reactants and products of a chemical reaction in terms of atoms, moles, and mass; 
• Molar mass of all components of the reaction; 
• Use of balanced chemical equation(s); and 
• Identification of the claim that atoms, and therefore mass, are conserved during a chemical reaction. 

B. The mathematical representations may include numerical calculations, graphs, or other pictorial depictions of 
quantitative information. 

C. Students identify the claim to be supported: that atoms, and therefore mass, are conserved during a chemical reaction. 
2. Mathematical modeling 

A. Students use the mole to convert between the atomic and macroscopic scale in the analysis. 
B. Given a chemical reaction, students use the mathematical representations to 

• Predict the relative number of atoms in the reactants versus the products at the atomic molecular scale; and 
• Calculate the mass of any component of a reaction, given any other component. 

3. Analysis 
A. Students describe* how the mathematical representations (e.g., stoichiometric calculations to show that the number of 

atoms or number of moles is unchanged after a chemical reaction where a specific mass of reactant is converted to 
product) support the claim that atoms, and therefore mass, are conserved during a chemical reaction. 

B. Students describe* how the mass of a substance can be used to determine the number of atoms, molecules, or ions using 
moles and mole relationships (e.g., macroscopic to atomic molecular scale conversion using the number of moles and 
Avogadro’s number). 

Critical Background Knowledge 

Grade Band Progressions:  
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Science and Engineering Practices (SEPs): Using Mathematics and Computational Thinking 

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

Using Mathematics and 
Computational Thinking in K–
2 builds on prior experiences 
and progresses to... 

Use counting and numbers to 
identify and describe 
patterns in the natural and 
designed world(s). 

Using Mathematics and 
Computational Thinking in 3–
5 builds on K–2 experiences 
and progresses to... 

Organize simple data sets to 
reveal patterns that suggest 
relationships. 

Using Mathematics and 
Computational Thinking in 6-
8 builds on K–5 experiences 
and progresses to... 

Use mathematical 
representations to describe 
and/or support scientific 
conclusions and design 
solutions. 

Using Mathematics and Computational 
Thinking in 9-12 builds on K–8 
experiences and progresses to college 
or career experiences. 

Use mathematical representations of 
phenomena to support claims. 

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, and 
energy can be transferred in various 
ways and between objects. 
Conservation of matter can be 
observed by tracking matter flows 
and cycles before and after 
processes and recognizing the total 
weight of substances does not 
change. 

Energy and Matter in 6-8 builds on K–5 
experiences and progresses to... 

Matter is conserved because atoms are 
conserved in physical and chemical processes. 
Within a natural or designed system, the transfer 
of energy drives the motion and/or cycling of 
matter. Energy may take different forms (e.g., 
energy in fields, thermal energy, energy of 
motion). The transfer of energy can be tracked 
as energy flows through a designed or natural 
system. 

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

The total amount of 
energy and matter 
in closed systems is 
conserved 
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Disciplinary Core Ideas (DCIs): PS1.B: Chemical Reactions 

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

PS1.B in K–2 builds on 
prior experiences and 
progresses to... 

Heating and cooling 
substances cause 
changes that are 
sometimes reversible 
and sometimes not 

PS1.B in 3–5 builds on K–2 
experiences and progresses to... 

Chemical reactions that occur 
when substances are mixed can 
be identified by the emergence of 
substances with different 
properties; the total mass remains 
the same. 

PS1.B in 6-8 builds on K–5 
experiences and knowledge 
and progresses to... 

Reacting substances rearrange 
to form different molecules, but 
the number of atoms is 
conserved. Some reactions 
release energy and others 
absorb energy 

PS1.B in 9–12 builds on K–8 
experiences and knowledge and 
progresses to... 

The fact that atoms are conserved, 
together with knowledge of the 
chemical properties of the 
elements involved, can be used to 
describe and predict chemical 
reactions. 

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA.12.W.4 Write arguments that develop a perspective with supporting reasons and evidence, organized as appropriate to the 

task, purpose, and audience. 
• LA.10.W.6 Gather and use credible evidence from multiple authoritative sources and assess its relevance in answering the 

research question(s). 
• 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.10.RI.1 Analyze the development of two or more implied or explicit central ideas over the course of an informational text or 

texts. 
• LA.12.RI.1 Evaluate the development of central ideas over the course of an informational text or texts. 
• LA.12.RI.3 Evaluate an author’s perspective or purpose and how it contributes to the meaning, significance, or aesthetic of an 

informational text. 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. 

• 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. 

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

https://www.nap.edu/read/13165/chapter/9#109
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• 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. 

• 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. 

Mathematics Connections: 
• 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. 
• HS.N.3 Interpretation and Sense Making: Students will reason abstractly and quantitatively using units to solve problems and 

interpret results in context. 
• HS.A.2 Algebraic Processes: Students will apply the operational properties when evaluating rational expressions and solving 

linear and quadratic equations, and inequalities. 
• HS.A.3 Applications: Students will solve authentic problems using nonlinear functions. 
• HS.G.4 Logic and Proof: Students will use geometric definitions and theorems to reason abstractly and quantitatively. 
• HS.G.1 Attributes: Students will identify and describe geometric attributes, apply properties and theorems, and create two- 

dimensional shapes. 
• HS.D.1 Data Collection and Statistical Methods: Students will formulate statistical investigative questions, collect data, and 

organize data. 
• HS.D.2 Analyze Data and Interpret Results: Students will represent and analyze the data and interpret the results. 

Connection To Other Grade Level Indicators  

Authentic Connections to Other Content Standards: 5.5.f 
• High School Domains Model Course II 

• Chemistry Bundle 2: SC.HS.5.5.a, SC.HS.5.5.b, SC.HS.5.5.f, SC.HS.8.3.f, SC.HS.12.2.c, SC.HS.13.3.e, SC.HS.15.5.f 
• OpenSciEd Standards Alignment 

• C.4 Chemical Reactions in Our World: SC.HS.4.4.d, SC.HS.5.5.c, SC.HS.5.5.d, SC.HS.5.5.e, SC.HS.5.5.f, SC.HS.13.3.e, 
SC.HS.15.5.d 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Chemical reaction, balanced chemical equation, reactants, products, atoms, molecules, ions, moles, mass, conservation of 

mass, atomic scale, macroscopic scale, matter 

https://www.nextgenscience.org/sites/default/files/HS%20Domains%20Course%201%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/
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Assessment Considerations 

Formative Assessment: 
• Formative Task Repository 
• The Wonder of Science  

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

Knowledge, Skills, and Abilities: 
• KSA1: Students will develop a mathematical model of a chemical reaction that includes the quantities of reactants and 

products in terms of atoms, moles, and mass and the molar mass of all components of the reaction.  
• KSA2: Students will use the model to balance the chemical equation to support the claim that atoms are conserved, and 

therefore mass is conserved during a chemical reaction. 
• KSA3: Students will use the mole in the mathematical model to convert between atomic and macroscopic scale in an analysis 

for the chemical reaction.  
• KSA4: When given a chemical reaction, students will develop and use a mathematical model to predict the relative number of 

atoms in the reactants versus the products at the atomic molecular scale.  
• KSA5: Students will use a mathematical model from the given chemical reaction to calculate the mass of any component of a 

reaction, given any other component. 
• KSA6: Students will extend their model to describe how energy is absorbed or released during a chemical reaction, using bond 

energy calculations. 
• KSA7: Students will analyze their model by describing how the mathematical representations support the claim that atoms, and 

therefore mass, are conserved during a chemical reaction (example: stoichiometric calculations to show that the number of 
atoms or number of moles is unchanged after a chemical reaction where a specific mass of reactant is converted to product).  

• KSA8: Students will analyze their model by describing how the mass of a substance can be used to determine the number of 
atoms, molecules, or ions using moles and mole relationships (example: macroscopic to atomic molecular scale conversion 
using the number of moles and Avogadro’s number). 

• KSA9: Students will analyze the limitations of their mathematical model by comparing theoretical yield to actual yield and 
identifying possible sources of discrepancy. 

 

https://www.education.ne.gov/assessment/nscas-science/
https://thewonderofscience.com/hsps17#assessments
https://sipsassessments.org/
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