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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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Plus Chemistry Teacher’s Guide to the Nebraska CCR-Science Standards 

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. These standards and 
indicators are for an upper-level course, not recommended for all students. 

Plus Standards  

The High School Plus (HSP) standards represent advanced science topics designed to build upon the foundations established in the on-
level standards and guide 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. These 
standards and indicators are for an upper-level course, not recommended for all students.  

 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 an 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.    
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Topic Code: SC.HSP.3 Structure and Properties of Matter 
Standard Code: SC.HSP.3.1 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.   

Compounds contain two or more elements attracted to one another by chemical bonds. Compounds have a consistent composition 
or ratio of atoms of its elements based on the chemical formula. A chemical bond is the attractive force between the atoms in the 
compounds and can be classified as polar or nonpolar based on the atoms’ attraction to the electron in the bond (electronegativity).  
Molecules are attracted to other molecules based on their temporary or permanent unequal distributions of electrons. More 
asymmetrical distributions or higher molecular polarity increases attraction between molecules and stronger intermolecular forces as a 
result. These intermolecular attractions play a significant role in the structure and function of molecules and macromolecules and can 
explain many resulting properties of these substances.   

Indicator Code: SC.HSP.3.1.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. Assessment does not include quantitative understanding of ionization energy beyond relative trends. 

NGSS Comparison: HS-PS1-1 

Other Indicators in this Standard 

SC.HSP.3.1.b, SC.HSP.3.1.c, SC.HSP.3.1.d, SC.HSP.3.1.e, SC.HSP.3.1.f, SC.HSP.3.1.g, SC.HSP.3.1.h 
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Concepts and Skills to Master 

Foundation Boxes: 

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

Using Models: 
• Students use the periodic table (a model) to compare 

properties and predict relationships of elements. 

Students do and use this Science and Engineering Practice (SEP) 
by:   

• 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.   

• Develop and/or use a model to generate data to support 
explanations, predict phenomena, analyze systems, 
and/or solve problems.” 

Patterns:  
• There are relationships between the reactivity and/or 

graphs of atomic properties and the patterns of valence 
electrons (outermost electrons) in atoms. 

Students think and connect through the Crosscutting Concept 
(CCC) to reason that:  

• 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.  

• Mathematical representations are needed to identify 
some patterns.  

 

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 development of the periodic table (which occurred well before atomic substructure was 
understood) was a major advance, as its patterns suggested and led to the identification of additional elements with particular 
properties. 

The repeating patterns of this table reflect patterns of outer electron states, which play an important role in explaining chemical 
reactivity and bond formation, and the periodic table continues to be a useful way to organize this information. 
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Students know and apply the Disciplinary Core Idea (DCI) of PS1.A Structure and Properties of Matter in their thinking and reasoning 
to communicate that: 

• Each atom has a charged substructure consisting of a nucleus, which is made of protons and neutrons, surrounded by 
electrons. 

• 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.  

• 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 to HS.3.3.A) 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Burning Steel Wool - HS-PS1-1 
• A silver ring will tarnish, but a gold ring will not 
• Patterns of reactivity between lithium and sodium (alkali metals) with water  
• Patterns in data of ionization energy, melting point, or atomic radius vs. atomic number 
• Groups on the periodic table have similar physical and chemical properties 
• In photoelectron spectra, cations compared to a neutral atom of the same element will have a different number of peaks 

and anions will have a different height in the final peak 
• The human body has three categories of elements; building block elements (C,O,H,N) that make up 96% of humans, trace 

elements (As, B, Cr, Co, Cu, F, I, Fe, Mn, Mo, Ni, Se, Si, Zn), and major minerals (K, Na, Cl, Mg, S, Ca, P). These elements are 
found in various locations on the periodic table. 

• 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 

https://www.nap.edu/read/13165/chapter/9#116
https://thewonderofscience.com/phenomenon/2018/7/8/burning-steel-wool
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• Compare the various models of the atom 
• Evaluate data and/or results from Thomson’s or Rutherford’s experiments 
• 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? 

SC.HSP.3.1.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. Using Either a Developed or Given Model to Do the Following 

A. Components of the Model 
• Students define and clearly label all the essential variables or factors (components) within the system being modeled, 

including: 
a) The arrangement of elements in the periodic table based on atomic number. 
b) A positively charged nucleus composed of protons and neutrons, surrounded by electrons. 
c) Electrons grouped into energy levels and valence shells. 
d) The number of valence electrons that determine an element’s chemical properties. 

• When appropriate, students describe the boundaries and limitations of the model, including: 
a) The simplified nature of electron shell diagrams (e.g., Bohr models) versus more accurate quantum models. 
b) Limitations in predicting properties for transition metals or synthetic elements. 

B. Relationships 
• Students describe the relationships among the components of the model, including: 

a) Elements in the same group (column) have the same number of valence electrons, which leads to similar 
chemical properties. 
b) Atomic radius generally decreases across a period and increases down a group due to changes in nuclear 
charge and shielding. 
c) Ionization energy and electronegativity exhibit predictable trends across periods and down groups based 
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on electron configurations. 
d) Elements in the periodic table are arranged by the numbers of protons in atoms. 

C. Connections 
• Students connect the patterns of behavior of elements to appropriate components of atomic structure, using logical 

reasoning, such as: 
a) Predicting the types of ions elements will form based on their group (e.g., alkali metals form +1 ions). 
b) Explaining why noble gases are largely unreactive due to full valence shells. 
c) Predicting element reactivity trends (e.g., why fluorine is more reactive than iodine) using periodic trends in 
electron attraction and energy levels. 
d) Using patterns of valence electrons to infer the types and numbers of chemical bonds an atom can form. 

2. Developing a Model 
A. Students develop a model of an atom of a given element using the periodic table. 

• The model should include diagrams, symbolic representations, and/or interactive tools that reflect the patterns of 
valence electrons, atomic structure, and predicted chemical behavior from the periodic table. 

• The model should enable predictions of physical and chemical properties of elements based on their position in the 
table and the patterns it reveals. 

Critical Background Knowledge 

Grade Band Progressions:  

Science and Engineering Practices (SEPs): Using Models 

 

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

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

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

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

Developing and Using Models 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 

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

Compare models to 
identify common 
features and 
differences. 

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

Develop a simple 
model based on 
evidence to represent 
a proposed object or 
tool. 

Identify limitations of 
models. 

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

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

Develop and/or use 
models to describe and/or 
predict phenomena. 

Develop a diagram or 
simple physical prototype 
to convey a proposed 
object, tool, or process.  

Use a model to test cause 
and effect relationships or 
interactions concerning the 

Evaluate limitations of a model for 
a proposed object or tool.  
Develop or modify a model— 
based on evidence – to match 
what happens if a variable or 
component of a system is 
changed.  

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

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

Develop and/or use a model to 
predict and/or describe 
phenomena.  

Develop a model to describe 
unobservable mechanisms.  

Develop and/or use a model to 
generate data to test ideas about 
phenomena in natural or designed 
systems, including those 

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

Design a test of a model to ascertain its 
reliability.  

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.  

Develop and/or use multiple types of 
models to provide mechanistic accounts 
and/or predict phenomena and move 
flexibly between model types based on 
merits and limitations.  

Develop a complex model that allows for 
manipulation and testing of a proposed 
process or system.  

Develop and/or use a model (including 
mathematical and computational) to 
generate data to support explanations, 
predict phenomena, analyze systems, 



 

 SC.HSP.3.1.a 26  

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

functioning of a natural or 
designed system. 

representing inputs and outputs, 
and those at unobservable scales. 

and/or solve problems 

Crosscutting Concepts (CCCs): [Patterns] 

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

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

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

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

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

Patterns of change 
can be used to make 
predictions. 

Patterns can be used 
as evidence to support 

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. 

Graphs, charts, and images 
can be used to identify 

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. 

Classifications or explanations used at one scale 
may fail or need revision when information from 
smaller or larger scales is introduced; thus 
requiring improved investigations and 
experiments. 

Patterns of performance of designed systems 
can be analyzed and interpreted to reengineer 
and improve the system. 

Mathematical representations are needed to 
identify some patterns. 
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K-2 3-5 6-8 9-12 

an explanation. patterns in data. Empirical evidence is needed to identify 
patterns. 

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 can be described 
and classified by its 
observable properties. 

Different properties are 
suited to different purposes. 

Objects can be built up 
from a smaller parts. 

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.A in 6-8 builds on K-5 
experiences 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.A in 9-12 builds on K-8 experiences 
and progresses to college or career 
experiences.  

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 12.1.6.a – Analyze the function and impact of text features and visual aids (e.g., periodic table as a visual model). 
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• LA 12.1.6.i – Construct and/or answer literal, inferential, and critical questions and support answers with explicit evidence from 
the text. 

• LA 12.2.1.a – Communicate ideas and information in a variety of forms for multiple purposes and audiences. 
• LA 12.4.1.b – Evaluate the accuracy of information from multiple sources. 

Mathematics Connections: 
• MA 11.1.1.b – Use numbers in real-world contexts and scientific notation. 
• MA 11.3.3.a – Create and use appropriate representations to describe linear relationships and patterns. 
• MA 11.4.1.a – Interpret and analyze data representations (e.g., graphs of periodic trends). 

Social Studies Connections: 
• SS HS.4.4.c – Explain how the development of science and technology affect society and the environment. 

Fine and Performing Arts Connections: 
• FA 12.2.1.a – Use visual elements and principles in creating a work of art (could apply to modeling atomic structure or periodic 

trends). 
• FA 12.4.1.b – Analyze visual communication to convey meaning (supporting critique and revision of models). 

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 

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.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, filled shell, metal, nonmetal, metalloid, group/family, period, atom, molecule, ion, 

matter, element, pure substance, compound, formula, physical property, chemical property, atomic number, atomic symbol, 
atomic mass, atomic radius, ionic bond, covalent bond, nucleus, ionization energy, electronegativity 

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: 
• Nebraska Formative Task Repository  
• Utah 

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

Knowledge, Skills, and Abilities: 
• KSA1: Identify the position of elements in the periodic table using atomic number and explain how that position determines 

electron configuration. 
• KSA2: Label and define key structural features of the periodic table in a model, including periods, groups, metals, nonmetals, 

and metalloids. 
• KSA3: Represent electron configurations (using shell diagrams, noble gas notation, or orbital models) for elements up to atomic 

number 20. 
• KSA4: Explain the pattern of valence electrons across groups and how this affects the chemical reactivity of elements. 
• KSA5: Use the periodic table model to predict physical and chemical properties (e.g., reactivity, ion charge, conductivity, 

atomic radius) of unknown or newly discovered elements. 
• KSA6: Compare and contrast the periodic trends in atomic size, electronegativity, and ionization energy using the periodic table 

as a model. 
• KSA7: Explain why elements in the same group exhibit similar properties using the structure–function relationship of electron 

configurations. 
• KSA8: Justify predictions about bonding behavior (e.g., ionic vs. covalent, number of bonds) based on periodic trends and outer 

electron arrangements. 
• KSA9: Construct a simplified model (digital, physical, or diagrammatic) of the periodic table that highlights and explains trends 

across groups and periods. 
• KSA10: Evaluate the limitations of simple periodic table models (e.g., Bohr diagrams) and describe how more accurate quantum 

models differ. 
• KSA11: Apply the model to unfamiliar elements or ions to predict charge, bonding type, or likely compounds formed. 
• KSA12: Revise an initial explanation or model when presented with new evidence or when using a more detailed representation 

(e.g., expanded orbital diagrams or quantum models). 

https://www.education.ne.gov/assessment/nscas-science/
https://docs.google.com/document/d/1TypdAjYkYZBoglqrcaRIA0Rls70KUwHJQ6IrdmrJw6U/edit?usp=sharing
https://sipsassessments.org/
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Standard Code: SC.HSP.3.1 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.  

Compounds contain two or more elements attracted to one another by chemical bonds. Compounds have a consistent composition 
or ratio of atoms of its elements based on the chemical formula. A chemical bond is the attractive force between the atoms in the 
compounds and can be classified as polar or nonpolar based on the atoms’ attraction to the electron in the bond (electronegativity). 
Molecules are attracted to other molecules based on their temporary or permanent unequal distributions of electrons. More 
asymmetrical distributions or higher molecular polarity increases attraction between molecules and stronger intermolecular forces as a 
result. These intermolecular attractions play a significant role in the structure and function of molecules and macromolecules and can 
explain many resulting properties of these substances.  

Indicator Code: SC.HSP.3.1.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. Examples of intramolecular forces include bond type, polarity of bonds and resonance 
structures. Examples of intermolecular forces include hydrogen bonds, dipole-dipole. Assessment does not include Raoult’s law 
calculations of vapor pressure. 

NGSS Comparison: Builds on HS-PS1-3 

Other Indicators in this Standard 

SC.HSP.3.1.a, SC.HSP.3.1.c, SC.HSP.3.1.d, SC.HSP.3.1.e, SC.HSP.3.1.f, SC.HSP.3.1.g, SC.HSP.3.1.h 
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Concepts and Skills to Master 

Foundation Boxes: 

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

Planning and Carrying Out Investigations:  
• 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. 

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 its function and/or solve a problem.  

• The functions and properties of natural and designed objects and 
systems can be inferred from their overall structure, the way their 
components are shaped and used, and the molecular 
substructures of its various materials. 

 

Disciplinary Core 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 - 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 
• When salt is dissolved in water it conducts electricity, but sugar does not conduct electricity when dissolved in water 
• Wax does not dissolve in water, but salt does 
• Sugar melts on the stove, but salt does not  
• Coal, graphite, and diamond are all composed of carbon atoms, but have unique uses and properties 
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• Why Do Clothes Stick Together in the dryer? 
• 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 

Evidence Statements 

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

SC.HSP.3.1.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 under investigation 

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 address the purpose of the investigation 
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 (e.g., melting point, boiling point, vapor pressure, 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 
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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 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. 

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

Planning and Carrying 
Out Investigations in K-2 
builds on experiences 
and progresses to... 

With guidance, plan and 
conduct an investigation 
in collaboration with 
peers. 

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

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

Plan and conduct an 
investigation 
collaboratively to 
produce data to 
serve as the basis for 
evidence, using fair 
tests in which 
variables are 
controlled and the 
number of trials 
considered. 

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

Plan an investigation individually and 
collaboratively, and in the design: identify 
independent and dependent variables 
and controls, what tools are needed to 
do the gathering, how measurements will 
be recorded, and how many data are 
needed to support a claim. 

Conduct an investigation and/or 
evaluate and/or revise the experimental 
design to produce data to serve as the 
basis for evidence that meet the goals of 
the investigation. 

Planning and Carrying Out 
Investigations in 9-12 builds on K–8 
experiences and progresses to 
college or career experiences. 

Plan and conduct an investigation 
individually and collaboratively to 
produce data to serve as the basis 
for evidence, and in the design: 
decide on types, how much, and 
accuracy of data needed to 
produce reliable measurements 
and consider limitations on the 
precision of the data (e.g., number 
of trials, cost, risk, time), and refine 
the design accordingly. 

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... 

Structure and 
Function in 3–5 
builds on K–2 
experiences and 
progresses to... 

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 

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

Investigating or designing new systems or 
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K-2 3-5 6-8 9-12 

The shape and 
stability of 
structures of 
natural and 
designed objects 
are related to their 
function(s). 

Different materials 
have different 
substructures, which 
can sometimes be 
observed.  

Substructures have 
shapes and parts 
that serve functions. 

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.  

Structures can be designed to serve 
particular functions by taking into 
account properties of different materials, 
and how materials can be shaped and 
used. 

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.  

 

The functions and properties of natural and 
designed objects and systems can be 
inferred from their overall structure, the way 
their components are shaped and used, and 
the molecular substructures of its various 
materials. 

Disciplinary Core Ideas (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 can be 
described and classified 
by its observable 
properties. Different 
properties are suited to 

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. 

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 

PS1.A in 9-12 builds on K–8 experiences and 
knowledge and progresses to college or career 
experiences. 

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

different purposes. A 
great variety of objects 
can be built up from a 
small set of pieces. 

Measurements of a 
variety of observable 
properties can be used to 
identify particular 
materials. 

substances, diversity of 
materials, states of matter, 
phase changes, and 
conservation of matter. 

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 12.1.6.a – Analyze the function and impact of text features and visual aids (e.g., conductivity charts or bonding diagrams). 
• LA 12.2.1.a – Communicate ideas and information in a variety of forms for multiple purposes and audiences. 
• LA 12.4.1.b – Evaluate the accuracy of information from multiple sources. 
• LA 12.1.6.i – Answer inferential and critical questions using explicit scientific evidence from investigations or articles. 

Mathematics Connections: 
• MA 11.3.1.a – Analyze patterns and relationships using quantitative data. 
• MA 11.4.1.a – Interpret and display data using tables, charts, and graphs. 
• MA 11.5.1.a – Analyze precision, error, and variability in measurement results. 

Social Studies Connections: 
• SS HS.4.4.c – Explain how the development of science and technology affects society and the environment. 

Fine and Performing Arts Connections: 
• FA 12.2.1.a – Use visual elements and principles in creating a work of art (e.g., molecular structures, lattice models). 
• FA 12.4.1.b – Analyze visual communication to convey meaning. 

Connection to other grade level indicators  

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

https://www.nextgenscience.org/sites/default/files/HS%20Domains%20Course%201%20Summary%20and%20Flowchart.pdf
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o 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 

o 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  
o P.6 Stars & the Big Bang: SC.HS.3.3c, SC.HS.11.1a, SC.HS.11.b, SC.HS.11.1c 
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): 
• Metal, nonmetal, electronegativity, intramolecular forces, polar covalent bond, nonpolar covalent bond, resonance structure, 

intermolecular forces, hydrogen bond, dipole-dipole interaction, resonance structure  

Assessment Considerations 

Formative Assessment: 
• Nebraska Formative Assessment Repository  
• Utah 

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

Knowledge, Skills, and Abilities: 
• KSA1: Define the scientific question: how do observable physical properties of substances relate to the strength of electrical 

forces (e.g., ionic, covalent, or intermolecular) between particles? 
• KSA2: Identify measurable properties (e.g., melting point, boiling point, solubility, hardness, conductivity) that serve as proxies for 

interparticle force strength. 
• KSA3: Design an investigation that specifies controlled variables, procedures, materials, safety considerations, and methods for 

testing and comparing physical properties of substances. 
• KSA4: Explain the rationale for selecting each method of testing (e.g., conductivity testing to detect ionic dissociation) and how 

it connects microscopic structure to macroscopic function. 
• KSA5: Collaborate or work individually to conduct the investigation and follow the procedural plan while adapting to real-time 

observations (e.g., incomplete solubility, unexpected phase changes). 

https://www.openscied.org/curriculum/high-school/standards-alignment/
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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• KSA6: Collect quantitative and/or qualitative data accurately and systematically using appropriate tools (e.g., digital 
thermometers, conductivity probes, evaporation dishes). 

• KSA7: Record and organize results in clear formats such as tables, graphs, or annotated diagrams to allow for comparison across 
substances. 

• KSA8: Interpret trends in the data (e.g., higher melting points = stronger ionic bonds; lack of conductivity = nonpolar covalent 
compound) to make inferences about the strength of particle interactions. 

• KSA9: Evaluate the investigation for potential sources of error or uncertainty (e.g., impurities, misreadings, sample preparation) 
and how these affect the validity of conclusions. 

• KSA10: Revise or refine the investigation by modifying testing methods or sample choices to improve data quality and inference 
accuracy. 
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Standard Code: SC.HSP.3.1 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.  

Compounds contain two or more elements attracted to one another by chemical bonds. Compounds have a consistent composition 
or ratio of atoms of its elements based on the chemical formula. A chemical bond is the attractive force between the atoms in the 
compounds and can be classified as polar or nonpolar based on the atoms’ attraction to the electron in the bond (electronegativity). 
Molecules are attracted to other molecules based on their temporary or permanent unequal distributions of electrons. More 
asymmetrical distributions or higher molecular polarity increases attraction between molecules and stronger intermolecular forces as a 
result. These intermolecular attractions play a significant role in the structure and function of molecules and macromolecules and can 
explain many resulting properties of these substances.  

Indicator Code: SC.HSP.3.1.c 

Develop and use models to predict and explain forces that are in and between molecules. Examples of intramolecular forces include 
bond type, polarity of bonds, and resonance structures. Examples of intermolecular forces include hydrogen bonds, dipole-dipole.  

NGSS Comparison: HS-PS1-3 Modified (Intermolecular Forces) 

Other Indicators in this Standard 

SC.HSP.3.1.a, SC.HSP.3.1.b, SC.HSP.3.1.d, SC.HSP.3.1.e, SC.HSP.3.1.f, SC.HSP.3.1.g, SC.HSP.3.1.h 

Concepts and Skills to Master 
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Foundation Boxes: 

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

Developing and Using Models: 
• Develop, revise, and/or use a model (i.e., Lewis 

structures, ball and stick, etc.) to compare 
properties of molecules and predict their degree 
of attraction to other molecules. 

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 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 - 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 
• Why Clothes Stick out of the Dryer 
• Lightning Strikes 
• Colors in milk 
• Ice spikes 

Evidence Statements 

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

SC.HSP.3.1.c: Develop and use models to predict and explain forces that are in and between molecules. 
1. Using Either a Developed or Given Model to Do the Following 

A. Components of the Model 

https://www.nextgenscience.org/resources/high-school-interactions-unit-1-why-do-some-clothes-stick-together-when-they-come-out
https://www.nextgenscience.org/resources/high-school-openscied-unit-c2-structure-properties-matter
https://thewonderofscience.com/phenomenon/2018/7/11/milk-and-soap-experiment
https://thewonderofscience.com/phenomenon/2018/6/10/ice-cube-spikes
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• Students define and clearly label all of the essential variables or factors (components) within the system being 
modeled, including: 

a) Atom types and electronegativity differences 
b) Electron domain geometry and molecular shape (e.g., VSEPR) 
c) Bond type (ionic, covalent, metallic) and polarity 
d) Partial charges and dipole moments 
e) Resonance structures when applicable 
f) Intermolecular forces (e.g., London dispersion, dipole-dipole, hydrogen bonding) 

• When appropriate, students describe the boundaries and limitations of the model, including: 
a) Simplifications made (e.g., treating lone pairs or electron clouds as points) 
b) 2D vs. 3D representations and static vs. dynamic behavior 
c) Limitations in predicting strength or reactivity based on only structure 

B. Relationships 
• Students describe the relationships among the components of the model, including: 

a) How electronegativity and molecular geometry lead to partial charges and bond polarity 
b) How molecular structure determines the types and strength of intermolecular forces 
c) How these forces relate to boiling point, solubility, and physical state 
d) How resonance delocalization contributes to molecular stability and reactivity 

C. Connections 
• Students connect the model to causal phenomena or scientific theories that students then describe or predict, using 

logical reasoning, such as: 
a) Predicting which substance will have stronger intermolecular forces based on structure 
b) Explaining solubility based on polarity and molecular interactions 
c) Justifying why certain molecules exhibit resonance or hybrid bonding behavior 
d) Predicting reactivity or phase change behavior based on molecular forces 

2. Developing a Model 
A. Students develop a model with all of the attributes above, including: 

• Clearly labeled atoms, bonds, dipoles, and electron movement or distribution 
• Accurate depiction of geometry or resonance when applicable 
• Intermolecular interaction representations (e.g., dashed lines for hydrogen bonds) 
• The ability to explain and predict physical properties and chemical behaviors based on the modeled interactions 
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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... 

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

Compare models to 
identify common features 
and differences. 

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... 

Identify limitations of 
models. 

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

Develop and/or use 
models to describe 
and/or predict 
phenomena. 

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

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

Develop or modify a model—
based on evidence – to match 
what happens if a variable or 
component of a system is 
changed. Use and/or develop a 
model of simple systems with 
uncertain and less predictable 
factors.  

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

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

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

Design a test of a model to ascertain its 
reliability. 

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.  

Develop and/or use a model to generate 
data to support explanations, predict 
phenomena, analyze systems, and/or solve 
problems. 

Crosscutting Concepts (CCCs): Structure and Function 
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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.  

Substructures have 
shapes and parts that 
serve functions. 

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.  

Structures can be designed to serve 
particular functions by taking into 
account properties of different 
materials, and how materials can be 
shaped and used. 

Structure and Function in 9-12 builds on K-8 
experiences and progresses to college or 
career experiences 

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.  

The functions and properties of natural and 
designed objects and systems can be 
inferred from their overall structure, the way 
their components are shaped and used, and 
the molecular substructures of its various 
materials. 

Disciplinary Core Ideas (DCIs): PS1.A Matter & Its Interactions 

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

PS1.A in K–2 builds on 
prior experiences and 
progresses to... 

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 and 

PS1.A in 9–12 builds on K–8 experiences and 
knowledge and progresses to... 

The sub-atomic structural model and interactions 
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K-2 3-5 6-8 9-12 

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. 

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. 

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. 

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 12.1.6.a – Analyze the function and impact of visual aids in text (e.g., molecular diagrams). 
• LA 12.2.1.a – Communicate ideas in multiple formats (e.g., oral + visual modeling of molecular interactions). 
• LA 12.1.6.i – Answer inferential questions using explicit evidence and models. 

Mathematics Connections: 
• MA 11.2.3.b – Use geometric models to represent and analyze 3D structures (e.g., tetrahedral vs. trigonal planar). 
• MA 11.4.1.a – Interpret and analyze data representations such as structural comparison charts. 

Social Studies Connections: 
• SS HS.4.4.c – Describe how scientific advances (e.g., understanding of molecular forces) impact modern society and 

technology (e.g., pharmaceuticals, materials science). 

Fine and Performing Arts Connections: 
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• FA 12.2.1.a – Use visual elements and principles to clearly represent structure (e.g., modeling polarity with spatial symmetry). 
• FA 12.4.1.b – Analyze how visual structure conveys conceptual meaning (e.g., hydrogen bonding represented through design 

elements). 

Connection to other grade level indicators  

Authentic Connections to Other Content Standards: 
• NGSS Domains Model Chemistry Bundle 3 

Academic Language Development 

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

matter, element, pure substance, compound, formula, physical property, chemical property, atomic number, atomic symbol, 
atomic mass, atomic radius, ionic bond, covalent bond, nucleus, ionization energy, electronegativity 

Assessment Considerations 

Formative Assessment: 
• Nebraska Formative Task Repository  
• Utah 

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

Knowledge, Skills, and Abilities: 
• KSA1: Identify and label atomic components and bond types (e.g., single, double, polar covalent, ionic) within molecules using 

structural formulas or electron-dot models. 
• KSA2: Represent partial charges, dipole moments, and molecular geometry based on electronegativity and VSEPR theory. 
• KSA3: Construct molecular models (2D or 3D) that show bond polarity, lone pairs, and electron domain geometry. 
• KSA4: Indicate the presence and location of resonance structures using Lewis diagrams or other structural models. 
• KSA5: Explain how a molecule’s shape and charge distribution determine the types and strengths of intermolecular forces it can 

form (e.g., dipole-dipole, hydrogen bonding, dispersion forces). 
• KSA6: Compare the intermolecular interactions among substances with similar or different molecular structures to predict 

https://www.nextgenscience.org/sites/default/files/HS%20Domains%20Course%201%20Bundle%203_0.pdf
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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physical properties like boiling point, solubility, or state of matter. 
• KSA7: Use models to justify why specific molecular interactions form (e.g., why alcohols form hydrogen bonds but alkanes do 

not). 
• KSA8: Predict how molecular interactions affect the reactivity or physical behavior of a substance in a chemical process or 

environmental condition. 
• KSA9: Evaluate the limitations of static or simplified models (e.g., Lewis structures, ball-and-stick models) in capturing delocalized 

electrons or dynamic molecular interactions. 
• KSA10: Revise molecular models based on feedback or new observations (e.g., adjust dipole placement, correct resonance 

representation). 
• KSA11: Apply structure–function reasoning to connect intermolecular forces to phenomena like surface tension, evaporation, or 

viscosity. 
• KSA12: Communicate model-based explanations using clear representations (e.g., labeled diagrams, annotated molecular 

sketches) suitable for a scientific audience. 
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Standard Code: SC.HSP.3.1 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.  

Compounds contain two or more elements attracted to one another by chemical bonds. Compounds have a consistent composition 
or ratio of atoms of its elements based on the chemical formula. A chemical bond is the attractive force between the atoms in the 
compounds and can be classified as polar or nonpolar based on the atoms’ attraction to the electron in the bond (electronegativity). 
Molecules are attracted to other molecules based on their temporary or permanent unequal distributions of electrons. More 
asymmetrical distributions or higher molecular polarity increases attraction between molecules and stronger intermolecular forces as a 
result. These intermolecular attractions play a significant role in the structure and function of molecules and macromolecules and can 
explain many resulting properties of these substances.  

Indicator Code: SC.HSP.3.1.d 

Evaluate a solution to a complex, real-world problem based on prioritized criteria and tradeoffs that account for a range of constraints, 
including cost, safety, reliability, and aesthetics, as well as possible social, cultural, and environmental impacts. Examples could include 
the effects of concentration of solutions on the freezing/boiling point (melting of ice on roadways), aspartame and caffeine in 
beverages, and fluoride in drinking water. 

NGSS Comparison: Builds on HS-ETS1-3 

Other Indicators in this Standard 

SC.HSP.3.1.a, SC.HSP.3.1.b, SC.HSP.3.1.c, SC.HSP.3.1.e, SC.HSP.3.1.f, SC.HSP.3.1.g, SC.HSP.3.1.h 
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Concepts and Skills to Master 

Foundation Boxes: 

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

Constructing Explanations and Designing Solutions:    
• Evaluate a solution to a complex real-world 

problem, based on scientific knowledge, 
student-generated sources of evidence, 
prioritized criteria, and tradeoff considerations. 

Cause and Effect: 
• Systems can be designed to cause a desired effect.  
• Changes in systems may have various causes that may not have 

equal effects. 

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

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

 

Disciplinary Core Idea (DCI) 

ETS1.B: Developing Possible Solutions 
• When evaluating solutions, it is important to take into account a range of constraints, including cost, safety, reliability, and 

aesthetics, and to consider social cultural and environmental impacts.  

Secondary - PS1.A: Structure and Properties of Matter 
• Electrical attractions and repulsions between charged particles (i.e., atomic nuclei and electrons) in matter explain the 

structure of atoms and the forces between atoms that cause them to form molecules (via chemical bonds), which range in 
size from two to thousands of atoms (e.g., in biological molecules such as proteins). The varied properties of the materials one 
encounters, both natural and manufactured, can be understood in terms of the atomic and molecular constituents present 
and the forces within and between them. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Fluoride in drinking water 
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• Water quality analysis 
• Salt on roadways 
• Aspartame/caffeine in beverages 

Evidence Statements 

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

SC.HSP.3.1.d: Evaluate a solution to a complex, real-world problem based on prioritized criteria and tradeoffs that account for a range 
of constraints, including cost, safety, reliability, and aesthetics, as well as possible social, cultural, and environmental impacts. 
1. Using Scientific Knowledge to Analyze the Solution and Its Context 

A. Students restate the complex problem in terms of its chemical and societal context (e.g., How can ice be effectively 
melted from roads while minimizing cost, corrosion, and environmental harm?). 

• Students clarify the causal mechanism (e.g., freezing point depression due to solute concentration) relevant to the 
chemical solution. 

• Students describe how the proposed solution is intended to produce a desired effect (e.g., adding salt lowers freezing 
point by disrupting water's structure). 

2. Describing Criteria and Constraints, Including Quantification When Appropriate 
A. Students identify and describe the evaluation criteria (e.g., effectiveness, toxicity, cost, taste, acceptability, 
environmental persistence) and constraints (e.g., availability, shelf life, regulations, infrastructure). 
B. Students explain which criteria are most important depending on the problem context and describe how tradeoffs may 
affect the outcome (e.g., better de-icing at the cost of infrastructure corrosion). 

3. Evaluating the Proposed Solution 
A. Students systematically evaluate the proposed solution by analyzing: 

• Strengths and weaknesses of the solution with respect to each criterion and constraint, using quantitative or 
qualitative data. (e.g., students compare salt vs. calcium chloride on cost per ton, effective temperature range, and 
ecological effects). 

• Possible barriers to implementation, such as social acceptability (e.g., fluoride opposition), economic feasibility (e.g., 
beverage reformulation), or unintended consequences (e.g., runoff pollution). 

• An evidence-based judgment about whether the solution should be adopted, refined, or rejected, grounded in 
prioritized criteria and analysis of tradeoffs. 
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4. Refining and/or Optimizing the Design Solution 
A. Students propose refinements to improve the solution’s performance, reduce its negative impacts, or increase feasibility, 
and explain how those changes address specific cause-and-effect relationships (e.g., switching to beet brine to reduce salt use 
and runoff toxicity). 

Critical Background Knowledge 

Grade Band Progressions:  

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

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

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

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

Generate and/or 
compare multiple 
solutions to a problem. 

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. 

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

Apply scientific ideas or principles to 
design, construct, and/or test a design of 
an object, tool, process or system. 

Undertake a design project, engaging in 
the design cycle, to construct and/or 
implement a solution that meets specific 
design criteria and constraints. 

Optimize performance of a design by 
prioritizing criteria, making tradeoffs, 
testing, revising, and retesting. 

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): 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... 

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

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

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. 

Systems can be designed to cause a 
desired effect.  

Changes in systems may have various 
causes that may not have equal 
effects. 

Disciplinary Core Ideas (DCIs): ETS1.B Developing Possible Solutions 

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

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

Designs can be 
conveyed through 
sketches, drawings, 
or physical models. 
These 
representations are 
useful in 
communicating 

ETS1.B in 6–8 builds on K–2 experiences 
and knowledge and progresses to... 

Research on a problem should be 
carried out before beginning to design 
a solution. Testing a solution involves 
investigating how well it performs 
under a range of likely conditions. 

At whatever stage, communicating 
with peers about proposed solutions is 
an important part of the design 
process, and shared ideas can lead to 

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

A solution needs to be tested 
and then modified on the basis 
of the test results in order to 
improve it.  

There are systematic processes 
for evaluating solutions with 
respect to how well they meet 
criteria and constraints of a 

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

When evaluating solutions, it is 
important to take into account a 
range of constraints, including cost, 
safety, reliability, and aesthetics, 
and to consider social, cultural, and 
environmental impacts. 

Both physical models and 
computers can be used in various 
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K-2 3-5 6-8 9-12 

ideas for a 
problem’s solutions 
to other people. 

 
 

improved designs. 

Tests are often designed to identify 
failure points or difficulties, which 
suggest the elements of the design 
that need to be improved. 

Testing a solution involves investigating 
how well it performs under a range of 
likely conditions. 

problem. 

Sometimes parts of different 
solutions can be combined to 
create a solution that is better 
than any of its predecessors. 

Models of all kinds are 
important for testing solutions. 

ways to aid in the engineering 
design process. Computers are 
useful for a variety of purposes, 
such as running simulations to test 
different ways of solving a problem 
or to see which one is most efficient 
or economical; and in making a 
persuasive presentation to a client 
about how a given design will meet 
his or her needs. 

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA 12.1.6.a – Analyze how visual aids (e.g., solution comparison tables, cost charts) contribute to understanding. 
• LA 12.2.1.a – Communicate ideas clearly in oral and written formats tailored to a target audience. 
• LA 12.1.6.i – Construct explanations and arguments supported by textual and data-based evidence 

Mathematics Connections: 
• MA 11.3.1.a – Analyze quantitative relationships using patterns and models (e.g., freezing point vs. solute concentration). 
• MA 11.4.1.a – Interpret and evaluate data representations such as graphs, charts, and tables to assess solutions. 

Social Studies Connections: 
• SS HS.4.4.c – Analyze how scientific and technological advances affect society and the environment. 
• SS HS.4.3.a – Evaluate the impact of decisions related to sustainability and resource management. 

Fine and Performing Arts Connections: 
• FA 12.2.1.a – Use visual design to organize complex information effectively (e.g., solution comparison visuals). 
• FA 12.4.1.b – Interpret visual representations to support understanding of abstract or scientific concepts. 
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Connection to other grade level indicators  

Authentic Connections to Other Content Standards: 
• High School Conceptual Progressions Model Course 1 - Bundle 2 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Nucleus, proton, electron, neutron, electron cloud, intramolecular force, covalent bond/molecule, ionic bond/compound, 

intermolecular force/attraction, 
• electrostatic force/attraction, electronegativity, electron distribution, hydrogen bonding, polar/polarity, surface area, atomic 

radius, atomic/molecular weight/mass, solute, solvent, dissolve, prioritized criteria, analysis, technology, trade-offs 

Assessment Considerations 

Formative Assessment: 
• Nebraska Formative Task Repository 

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

Knowledge, Skills, and Abilities: 
• KSA1: Define the problem in terms of both chemical properties (e.g., solubility, phase change, toxicity) and broader real-world 

needs (e.g., public health, transportation, consumer preferences). 
• KSA2: Describe the causal mechanisms that explain how the proposed solution works (e.g., how salt lowers the freezing point of 

water or how aspartame mimics sugar in taste). 
• KSA3: Identify relevant criteria (e.g., safety, effectiveness, environmental impact, cost) and constraints (e.g., regulation, logistics, 

public perception) associated with evaluating the solution. 
• KSA4: Prioritize the most important criteria for a specific context and explain why tradeoffs may be necessary (e.g., improved 

taste vs. long-term health impact). 
• KSA5: Use quantitative or qualitative data (e.g., temperature vs. salt concentration, survey results, pH levels) to assess the 

strengths and weaknesses of a given chemical solution. 
• KSA6: Compare alternative solutions (e.g., salt vs. beet brine for de-icing, natural vs. artificial sweeteners) using side-by-side 

https://www.nextgenscience.org/sites/default/files/HS%20Conceptual%20Course%201%20Bundle%202.pdf
https://www.education.ne.gov/assessment/nscas-science/
https://sipsassessments.org/
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analysis of criteria. 
• KSA7: Identify unintended consequences (e.g., ecological runoff, fluoride resistance) and analyze the causal relationships 

behind those consequences. 
• KSA8: Evaluate the cultural, environmental, or social barriers to implementation of the proposed solution (e.g., community 

concerns about additives in water or food). 
• KSA9: Make an evidence-based judgment about whether to adopt, refine, or reject a chemical solution based on tradeoffs and 

prioritized criteria. 
• KSA10: Propose a refinement to the solution that addresses a specific limitation (e.g., reducing salt application by pre-treating 

roads with an organic de-icer). 
• KSA11: Justify how the refinement improves performance or reduces negative impact using causal reasoning and chemical 

principles. 
• KSA12: Communicate a clear explanation of how chemical structure, properties, and tradeoffs affect a solution’s real-world 

effectiveness and acceptability. 



 

 SC.HSP.3.1.e 55  

Standard Code: SC.HSP.3.1 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.  

Compounds contain two or more elements attracted to one another by chemical bonds. Compounds have a consistent composition 
or ratio of atoms of its elements based on the chemical formula. A chemical bond is the attractive force between the atoms in the 
compounds and can be classified as polar or nonpolar based on the atoms’ attraction to the electron in the bond (electronegativity). 
Molecules are attracted to other molecules based on their temporary or permanent unequal distributions of electrons. More 
asymmetrical distributions or higher molecular polarity increases attraction between molecules and stronger intermolecular forces as a 
result. These intermolecular attractions play a significant role in the structure and function of molecules and macromolecules and can 
explain many resulting properties of these substances.  

Indicator Code: SC.HSP.3.1.e 

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. Assessment is limited to alpha, beta, and gamma radioactive decays. 

NGSS Comparison: Builds on HS-PS1-8 

Other Indicators in this Standard 

SC.HSP.3.1.a, SC.HSP.3.1.b, SC.HSP.3.1.c, SC.HSP.3.1.d, SC.HSP.3.1.f, SC.HSP.3.1.g, SC.HSP.3.1.h 

Concepts and Skills to Master 
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Foundation Boxes: 

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

Developing and Using Models 
• Develop a model based on evidence 

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

 

Energy and Matter 
• In nuclear processes, atoms are not conserved, but the total number of 

protons plus neutrons is conserved. 

Connections to Engineering, Technology, and Applications of Science 

Influence of Engineering, Technology, and Science and the Natural World 
• Modern civilization depends on major technological systems, such as 

agriculture, health, water, energy, transportation, manufacturing, construction, 
and communications. 

• New technologies can have deep impacts on society and the environment, 
including some that were not anticipated. 

 

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. 

Secondary – PS3.D Energy in Chemical Processes and Everyday Life 
• Although energy cannot be destroyed, it can be converted to less useful forms—for example, to thermal energy in the 

surrounding environment.  
• Solar cells are human-made devices that likewise capture the sun’s energy and produce electrical energy.  
• The main way that solar energy is captured and stored on Earth is through the complex chemical process known as 

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

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



 

 SC.HSP.3.1.e 57  

• OpenSciEd: Energy from Chemical and Nuclear Reactions 
• OpenSciEd: Energy, Forces, and the Earth’s Crust 
• Phenomena Related to the Standard 
• Nuclear Power Plants 
• Carbon dating of artifacts 

Evidence Statements 

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

SC.HSP.3.1.e: 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. Using Either a Developed or Given Model to Do the Following 

A. Components of the Model 
• Students define and clearly label all of the relevant variables or factors (components) within the system being 

modeled, including: 
a) Identification of the element based on the number of protons 
b) Protons, neutrons, and nuclear symbols for isotopes 
c) Initial and final atomic mass and atomic number for each nuclear process 
d) Alpha particle (⁴₂He), beta particle (⁰₋₁e or ⁰₁e), and gamma radiation (γ) 
e) Representations of total energy change (e.g., energy released in MeV or as radiation) 
f) Any initial energy or conditions required to start a reaction 

• When appropriate, students describe the boundaries and limitations of the model, including: 
a) The inability of visual models to represent actual particle size or energy scales 
b) The simplification of complex decay chains or ignoring secondary particles 

B. Relationships 
• Students describe the relationships among the components of the model, including: 

a) The conservation of nucleon number (mass number) and charge (atomic number) during nuclear 
transformations 
b) How changes in nuclear structure result in the release or absorption of energy 
c) The relationship between the type of nuclear process (fission, fusion, decay) and the amount/form of 
energy released 

C. Connections 

https://www.nextgenscience.org/resources/high-school-openscied-unit-c5-energy-chemical-nuclear-reactions
https://www.nextgenscience.org/resources/high-school-openscied-unit-p2-energy-forces-earth%E2%80%99s-crust
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• Students connect the model to causal phenomena or scientific theories that students then describe or predict, using 
logical reasoning, such as: 

a) Predicting the product of a given alpha or beta decay using nuclear conservation laws 
b) Explaining how fusion in the sun converts mass to energy through E = mc² 
c) Using fission or decay models to explain why radioactive substances emit heat or radiation over time 
d) Comparing the scales of energy emissions by nuclear versus chemical processes 
e) Explaining how nuclear processes relate to mass-energy conservation 

2. Developing a Model 
A. Students develop a model with all of the attributes above, ensuring that it: 

• Accurately represents changes to nuclear composition (before and after) 
• Clearly shows the emission of particles and energy from the nucleus 
• Is usable for comparing energy yields of fission, fusion, and types of decay 
• Can be applied to make predictions about nuclear products, stability, or decay type 

Critical Background Knowledge 

Grade Band Progressions:  

Science and Engineering Practices Developing and Using Models 

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

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

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

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

Identify limitations of 
models.  

Collaboratively develop 
and/or revise a model 

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

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

Develop and/or revise a 

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

Evaluate merits and limitations of two 
different models of the same proposed 
tool, process, mechanism, or system in 
order to select or revise a model that best 
fits the evidence or design criteria.  
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K-2 3-5 6-8 9-12 

Compare models to 
identify common features 
and differences.  

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

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

Develop and/or use 
models to describe 
and/or predict 
phenomena. 

model to show the 
relationships among variables, 
including those that are not 
observable but predict 
observable phenomena.  

Develop and/or use a model 
to predict and/or describe 
phenomena.  

Develop a model to describe 
unobservable mechanisms. 

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.  

Develop and/or use multiple types of 
models to provide mechanistic accounts 
and/or predict phenomena, and move 
flexibly between model types based on 
merits and limitations. 

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... 

Leave blank 
intentionally 

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

Leave blank 
intentionally 

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

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

Energy may take different forms 
(e.g., energy in fields, thermal 

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 
flows into, out of, and within that system.  

In nuclear processes, atoms are not conserved, 
but the total number of protons plus neutrons is 
conserved.  
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K-2 3-5 6-8 9-12 

energy, energy of motion). 

Disciplinary Core Ideas (DCIs): PS1.C: Nuclear Processes; PS3.D: Energy in Chemical Processes  

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

PS1.C in K–2 
builds on prior 
experiences and 
progresses to... 

[Intentionally left 
blank] 

PS1.C in 3–5 builds 
on K–2 experiences 
and progresses to... 

[Intentionally left 
blank] 

PS1.C in 6-8 builds on 3-5 experiences and 
progresses to... 

Nuclear fusion can result in the merging of two 
nuclei to form a larger one, along with the 
release of significantly more energy per atom 
than any chemical process. It occurs only under 
conditions of extremely high temperatures and 
pressures. Nuclear fusion taking place in the 
cores of stars provides the energy released (as 
light) from those stars and produces all of the 
more massive atoms from primordial hydrogen. 
Thus, the elements found on Earth and 
throughout the universe (other than hydrogen 
and most helium, which are primordial) were 
formed in the stars or supernovas by fusion 
processes. 

PS1.C in 9-12 builds on K–8 experiences 
and progresses to college or career 
experiences. 

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. 

Spontaneous radioactive decays follow 
a characteristic exponential decay 
law. Nuclear lifetimes allow radiometric 
dating to be used to determine the 
ages of rocks and other materials. 
 

PS3.D in K–2 PS3.D in 3–5 builds PS3.D in 6-8 builds on 3-5 experiences and PS3.D in 9-12 builds on K–8 experiences 
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K-2 3-5 6-8 9-12 

builds on prior 
experiences and 
progresses to... 

When two 
objects rub 
against each 
other, this 
interaction is 
called friction. 
Friction between 
two surfaces can 
warm both of 
them (e.g., 
rubbing hands 
together). There 
are ways to 
reduce the 
friction between 
two objects. 

on K–2 experiences 
and progresses to... 

The expression 
“produce energy” 
typically refers to 
the conversion of 
stored energy into a 
desired form for 
practical use.  

The energy released 
[from] food was 
once energy from 
the sun that was 
captured by plants 
in the chemical 
process that forms 
plant matter (from 
air and water). 

progresses to... 

The chemical reaction by which plants produce 
complex food molecules (sugars) requires an 
energy input (i.e., from sunlight) to occur. In this 
reaction, carbon dioxide and water combine to 
form carbon-based organic molecules and 
release oxygen.  

Cellular respiration in plants and animals involves 
chemical reactions with oxygen that release 
stored energy. In these processes, complex 
molecules containing carbon react with oxygen 
to produce carbon dioxide and other materials. 
 

and progresses to college or career 
experiences. 

Although energy cannot be destroyed, 
it can be converted to less useful 
forms—for example, to thermal energy 
in the surrounding environment.  

Solar cells are human-made devices 
that likewise capture the sun’s energy 
and produce electrical energy.  

The main way that solar energy is 
captured and stored on Earth is 
through the complex chemical process 
known as photosynthesis. 

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

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA 12.1.6.a – Analyze visual aids and scientific diagrams (e.g., nuclear reaction models). 
• LA 12.2.1.a – Communicate ideas clearly in oral, textual, and graphical forms. 
• LA 12.1.6.i – Support scientific claims with evidence and logical reasoning from models or text. 

Mathematics Connections: 
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• MA 11.1.1.b – Use numbers in real-world scientific contexts (e.g., atomic mass, energy units). 
• MA 11.3.1.a – Analyze relationships in quantitative models (e.g., E = mc²). 
• MA 11.4.1.a – Interpret data representations (e.g., graphs of decay rates, energy yields). 

Social Studies Connections: 
• SS HS.4.4.c – Describe how scientific and technological innovations (e.g., nuclear energy, radiation) affect society and the 

environment. 
• SS HS.4.3.a – Evaluate the sustainability and risks of technologies (e.g., power plants, medical imaging, nuclear waste). 

Fine and Performing Arts Connections: 
• FA 12.2.1.a – Create scientifically accurate visual models (e.g., particle diagrams, decay chains). 
• FA 12.4.1.b – Analyze how visual models convey complex abstract processes like nuclear change. 

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.4.4.f, SC.HS.5.5.b, 
SC.HS.15.5.a, SC.HS.15.5.b, SC.HS.15.5.d 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Fission, fusion, chemical reaction, chemical potential energy, potential energy, radioactive decay, alpha, beta, gamma, 

positron, emit, electron 

Assessment Considerations 

Formative Assessment: 

https://www.nextgenscience.org/sites/default/files/HS%20Domains%20Course%201%20Summary%20and%20Flowchart.pdf
https://www.openscied.org/curriculum/high-school/standards-alignment/


 

 SC.HSP.3.1.e 63  

• Nebraska Formative Task Repository  

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

Knowledge, Skills, and Abilities: 
• KSA1: Define key components of nuclear models, including protons, neutrons, atomic number, mass number, and nuclear 

notation (e.g., ²³⁵₉₂U). 
• KSA2: Label and represent isotopes and particles involved in nuclear changes, such as alpha particles (⁴₂He), beta particles 

(⁰₋₁e or ⁰₁e), and gamma radiation (γ). 
• KSA3: Construct balanced nuclear equations showing atomic number and mass number conservation during alpha and beta 

decay. 
• KSA4: Model the fission of heavy nuclei (e.g., uranium-235) into smaller nuclei, showing emitted neutrons and release of energy. 
• KSA5: Model the fusion of light nuclei (e.g., hydrogen into helium), including how mass is converted to energy according to E = 

mc². 
• KSA6: Create and refine models that illustrate the role of energy input in initiating fission and fusion reactions. 
• KSA7: Explain how changes in nuclear structure result in changes in energy, including heat and radiation output. 
• KSA8: Predict the nuclear products of alpha and beta decay using atomic number and mass conservation. 
• KSA9: Differentiate between fission, fusion, and radioactive decay in terms of initial nucleus size, nuclear stability, energy 

released, and real-world application. 
• KSA10: Compare the relative energy yields of fission, fusion, and different types of decay to yields from chemical reactions using 

model-based reasoning. 
• KSA11: Use the student developed models to explain that alpha decay is a type of fission reaction, while beta and gamma 

decay do not involve nucleus splitting. 
• KSA12: Identify limitations in static nuclear models (e.g., not showing particle motion, secondary reactions, or time scales) and 

suggest refinements. 
• KSA13: Revise nuclear models based on new data or feedback (e.g., corrected isotopic notation or decay series completion). 
• KSA14: Communicate model-based explanations for nuclear phenomena (e.g., nuclear power generation, natural radioactivity, 

stellar fusion) with scientific clarity and accurate structure. 

https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/
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Standard Code: SC.HSP.3.1 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.  

 

Compounds contain two or more elements attracted to one another by chemical bonds. Compounds have a consistent composition 
or ratio of atoms of its elements based on the chemical formula. A chemical bond is the attractive force between the atoms in the 
compounds and can be classified as polar or nonpolar based on the atoms’ attraction to the electron in the bond (electronegativity). 
Molecules are attracted to other molecules based on their temporary or permanent unequal distributions of electrons. More 
asymmetrical distributions or higher molecular polarity increases attraction between molecules and stronger intermolecular forces as a 
result. These intermolecular attractions play a significant role in the structure and function of molecules and macromolecules and can 
explain many resulting properties of these substances.  

Indicator Code: SC.HSP.3.1.f    

Develop and use models to describe and predict mechanisms of the quantum mechanical model of the atom. Examples of 
representation include Aufbau Diagram, Hund’s Rule, Pauli Exclusion, and orbital shapes, Hybridization of orbitals, and electron 
configuration. (This is an upper-level course indicator. It is not recommended for all students.) 

NGSS Comparison: Builds on HS-PS1-1 

Other Indicators in this Standard 

SC.HSP.3.1.a, SC.HSP.3.1.b, SC.HSP.3.1.c, SC.HSP.3.1.d, SC.HSP.3.1.e, SC.HSP.3.1.g, SC.HSP.3.1.h 
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Concepts and Skills to Master 

Foundation Boxes: 

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

Develop and Use Models: 
• Develop a model based on evidence to illustrate the 

relationships between systems or between components of a 
system. 

• Use models of the electrons in an atom including orbital 
diagrams, electron configurations, and/or drawings of 
orbital shapes to explain and predict parts of the quantum 
mechanical model of the atom 

• Predict the likely orbital location, relative energy (compared 
to other electrons) of any electron in an atom using one of 
the models above 

Connections to the nature of science 

Science Models, Laws, Mechanisms, and Theories Explain Natural 
Phenomena 

• Models, mechanisms, and explanations collectively serve as 
tools in the development of a scientific theory. 

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 
their function and/or solve a problem. 

Connections to Engineering, Technology, and Applications of 
Science 

• Modern civilization depends on major technological 
systems, such as agriculture, health, water, energy, 
transportation, manufacturing, construction, and 
communications.  

• Engineers continuously modify these systems to increase 
benefits while decreasing costs and risks.  

• New technologies can have deep impacts on society 
and the environment, including some that were not 
anticipated.  

 

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. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
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• Fireworks 
• Flame test of elements 
• Schrodinger’s Cat 
• Bohr emission spectra 

Evidence Statements 

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

SC.HSP.3.1.f: Develop and use models to describe and predict mechanisms of the quantum mechanical model of the atom. 
1. Using Either a Developed or Given Model to Do the Following 

A. Components of the Model 
• Students define and clearly label all of the essential components of the quantum mechanical model being 

represented, including: 
a) Principal energy levels, sublevels (s, p, d, f), and orbitals 
b) Orbital shapes and orientations 
c) Electron spin (↑/↓), represented within the context of the Pauli Exclusion Principle 
d) Aufbau order of filling, including exceptions (e.g., chromium, copper) 
e) Application of Hund’s Rule in orbital diagrams 
f) Electron configurations using long and noble gas notation 
g) Hybrid orbitals (e.g., sp³, sp², sp) where relevant to bonding predictions  

• When appropriate, students describe the limitations of the model, including: 
a) Simplifications in 2D orbital diagrams or exclusion of relativistic effects 
b) Limitations in applying orbital hybridization beyond introductory bonding models 

B. Relationships 
• Students describe the relationships among the components of the model, including: 

a) How electron configuration follows from energy level and orbital structure 
b) How Hund’s Rule, Pauli Exclusion, and the Aufbau Principle affect orbital filling 
c) How the arrangement of electrons within orbitals influences periodic properties (e.g., reactivity, ionization 
energy, atomic size) 
d) How hybridization models explain observed molecular shapes and bond angles 

C. Connections 

https://www.youtube.com/watch?v=oae5fa-f0S0
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• Students use the model to explain or predict phenomena such as: 
a) The reactivity of elements based on their valence electron configuration 
b) The magnetic behavior of atoms (e.g., paramagnetic vs. diamagnetic) 
c) The geometry of molecules based on hybridized orbitals (e.g., tetrahedral from sp³) 
d) Periodic trends emerging from orbital structure (e.g., why elements in the same group have similar 
behavior), and exceptions to these trends 

2. Developing a Model 
A. Students develop a model with all of the attributes above, ensuring that it: 

• Clearly represents energy levels, sublevels, and orbital filling 
• Demonstrates correct electron placement using rules such as Aufbau, Hund’s, and Pauli Exclusion 
• Connects electron structure to atomic behavior and periodic properties 
• Provides predictions or explanations for atomic or molecular structure and function 

Critical Background Knowledge 

Grade Band Progressions: 

Science and Engineering Practices: Developing and Using Models 

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

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

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

Compare models to identify 
common features and 

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

Identify limitations of 
models. 

Collaboratively 
develop and/or revise 
a model based on 
evidence that shows 

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

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

Develop or modify a model—
based on evidence – to match 
what happens if a variable or 
component of a system is 
changed. Use and/or develop 

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

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

Design a test of a model to ascertain its 
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K-2 3-5 6-8 9-12 
differences. 

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

the relationships 
among variables for 
frequent and regular 
occurring events.  

Develop and/or use 
models to describe 
and/or predict 
phenomena. 

a model of simple systems with 
uncertain and less predictable 
factors.  

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

reliability. 

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.  

Develop and/or use a model to generate 
data to support explanations, predict 
phenomena, analyze systems, and/or 
solve problems. 

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.  

Substructures have 
shapes and parts 

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.  

Structures can be designed to serve 
particular functions by taking into 

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 their 
function and/or solve a problem.  

The functions and properties of natural and 
designed objects and systems can be 
inferred from their overall structure, the way 
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K-2 3-5 6-8 9-12 

that serve functions. account properties of different materials, 
and how materials can be shaped and 
used. 

their components are shaped and used, and 
the molecular substructures of various 
materials. 

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 can be described 
and classified by its 
observable properties. 

Different properties are 
suited to different purposes. 

Objects can be built up 
from a smaller parts. 

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.A in 6-8 builds on K-5 
experiences 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.A in 9-12 builds on K-8 experiences and 
progresses to college or career 
experiences.  

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 12.1.6.a – Analyze how visual representations (e.g., orbital diagrams) clarify scientific concepts. 
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• LA 12.1.6.i – Use evidence and reasoning to support explanations of atomic behavior. 
• LA 12.2.1.a – Present scientific models in multiple communication modes (oral, graphical, textual). 

Mathematics Connections: 
• MA 11.3.1.a – Analyze patterns and symbolic relationships (e.g., periodic electron filling). 
• MA 11.4.1.a – Interpret data representations and spatial diagrams (e.g., orbital energies, geometry). 

Social Studies Connections: 
• SS HS.4.4.c – Evaluate the role of atomic theory and quantum mechanics in scientific and technological innovation. 

Fine and Performing Arts Connections: 
• FA 12.2.1.a – Use visual elements to illustrate abstract scientific concepts (e.g., orbital shape, hybridization). 
• FA 12.4.1.b – Analyze how scientific meaning is conveyed visually through structure and form. 

Connection to other grade level indicators  

Authentic Connections to Other Content Standards: 
• Next Gen Science 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Quantum mechanical model of the atom, Aufbau Diagram, Hund’s Rule, Pauli Exclusion Principle, hybridization, electron 

configuration, Nucleus, proton, electron, neutron, electron cloud, intramolecular force, covalent bond/molecule, ionic 
bond/compound, intermolecular force/attraction, electrostatic force/attraction, electronegativity, electron distribution, 
hydrogen bonding, polar/polarity, surface area, atomic radius, atomic/molecular weight/mass, solute, solvent, dissolve 

Assessment Considerations 

Formative Assessment: 
• Nebraska Formative Task Repository  

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

https://www.nextgenscience.org/resources/bundling-ngss
https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/
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Knowledge, Skills, and Abilities: 
• KSA1: Identify key components of the quantum model, including principal energy levels, sublevels (s, p, d, f), orbitals, and 

electron spin. 
• KSA2: Label and represent orbital diagrams using Aufbau Principle, Pauli Exclusion Principle, and Hund’s Rule. 
• KSA3: Construct electron configurations using both full and noble gas notation and identify any exceptions in predicted order of 

filling. 
• KSA4: Sketch or interpret orbital shapes (s, p, d) and describe their orientation in 3D space. 
• KSA5: Apply Hund’s Rule to explain the arrangement of electrons in orbitals of equal energy. 
• KSA6: Explain how orbital filling and electron configuration relate to an atom’s reactivity and periodic behavior. 
• KSA7: Use the quantum mechanical model to predict properties such as ion formation, atomic radius, and magnetic behavior 

(e.g., paramagnetism). 
• KSA8: Construct models of orbital hybridization (e.g., sp³, sp², sp) to explain observed molecular geometries and bond types. 
• KSA9: Predict molecular geometry using hybridization and explain structure–function relationships (e.g., why sp² leads to trigonal 

planar shapes). 
• KSA10: Evaluate the limitations of orbital diagrams and hybridization models, including their simplification of electron behavior 

and exclusion of quantum uncertainty. 
• KSA11: Revise electron configuration or orbital models based on observed exceptions or more complete information (e.g., 

anomalies in transition metals). 
• KSA12: Communicate model-based explanations of how atomic structure governs chemical properties, bonding patterns, and 

periodic behavior. 
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Standard Code: SC.HSP.3.1 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.  

Compounds contain two or more elements attracted to one another by chemical bonds. Compounds have a consistent composition 
or ratio of atoms of its elements based on the chemical formula. A chemical bond is the attractive force between the atoms in the 
compounds and can be classified as polar or nonpolar based on the atoms’ attraction to the electron in the bond (electronegativity). 
Molecules are attracted to other molecules based on their temporary or permanent unequal distributions of electrons. More 
asymmetrical distributions or higher molecular polarity increases attraction between molecules and stronger intermolecular forces as a 
result. These intermolecular attractions play a significant role in the structure and function of molecules and macromolecules and can 
explain many resulting properties of these substances.  

Indicator Code: SC.HSP.3.1.g 

Evaluate the evidence supporting claims about how atoms absorb and emit energy in the form of electromagnetic radiation. 
Examples include using mathematical relationships to demonstrate the relationship between observed light spectrum, wavelength of 
light and emission spectrum. (This is an upper-level course indicator. It is not recommended for all students.) 

NGSS Comparison: Builds on HS-PS1-8, HS-PS3-5, and HS-PS4-4 

Other Indicators in this Standard 

SC.HSP.3.1.a, SC.HSP.3.1.b, SC.HSP.3.1.c, SC.HSP.3.1.d, SC.HSP.3.1.e, SC.HSP.3.1.f, SC.HSP.3.1.h 

Concepts and Skills to Master 
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Foundation Boxes: 

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

Constructing Explanations and Designing Solutions 
• 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. 

Structure and Function 
• The functions and properties of natural and designed 

objects and systems can be inferred from their overall 
structure, the way their components are shaped and 
used, and the molecular substructures of its various 
materials. 

 

Disciplinary Core Idea (DCI) 

PS1A: 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. 
• 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. 

PS4.B: Electromagnetic Radiation 
• Electromagnetic radiation (e.g., radio, microwaves, light) can be modeled as a wave of changing electric and magnetic 

fields or as particles called photons. The wave model is useful for explaining many features of electromagnetic radiation, and 
the particle model explains other features. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Flame tests, Fireworks 
• Bohr emission spectra 

 

http://www.nap.edu/openbook.php?record_id=13165&page=96
https://www.youtube.com/watch?v=oae5fa-f0S0
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Evidence Statements 

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

SC.HSP.3.1.g: Evaluate the evidence supporting claims about how atoms absorb and emit energy in the form of electromagnetic 
radiation. 
1. Articulating the Explanation of Phenomena 

A. Students clearly articulate how atomic structure—specifically electron arrangement and transitions between energy 
levels—accounts for absorption and emission of electromagnetic radiation. 
B. The explanation includes how energy is absorbed to excite electrons and how specific quantities of energy are emitted 
when electrons return to lower energy levels. 
C. The explanation focuses on discrete (quantized) energy changes rather than continuous wave behavior. 

2. Evidence 
A. Students cite relevant evidence such as observed emission or absorption spectra, spectral line patterns, and quantitative 
relationships (e.g., E = hv, c = λv) 
B. Students may use spectrometer data, hydrogen line spectra, or simulated results to support claims. 
C. Evidence includes comparisons between predicted transitions (based on energy level diagrams) and observed spectral 
lines. 

3. Reasoning 
A. Students describe the reasoning that connects atomic structure and electron transitions to observed emission spectra, 
tying in accepted scientific models (e.g., Bohr emissions spectra and Bohr model for hydrogen, quantum energy levels, Aufbau 
model). 
B. Students explain that since each atom has a unique electron structure, the light emitted or absorbed forms a unique 
pattern. 
C. Reasoning includes the connection between energy levels, quantized photon energies, and the structure-dependent 
nature of emissions. For example: 

• When atoms absorb energy (as when heating an ion sample), electrons can be promoted to higher available energy 
levels, which is unstable. 

• To become more stable, atoms release that energy in the form of visible light (or other forms of energy on the EM 
spectrum). 

4. Revising the Explanation (as necessary) 

https://chemed.chem.purdue.edu/genchem/topicreview/bp/ch6/bohr.html
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A. Given new or contradictory data (e.g., unexpected spectral lines, instrumental noise, or new emission patterns), students 
revise or refine their explanation to better account for the observed patterns. 
B. Students may consider alternative models or account for overlapping spectral lines, multiple transitions, or instrumental 
resolution. 

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 
backyard). 

Use evidence (e.g., 
measurements, 
observations, 

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

Construct an explanation that includes 
qualitative or quantitative relationships 
between variables that predict(s) and/or 
describe(s) phenomena. 

Construct an explanation using models or 
representations. 

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

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

Make a quantitative and/or qualitative claim 
regarding the relationship between 
dependent and independent variables. 

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 ideas, principles, and/or 
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K-2 3-5 6-8 9-12 

evidence-
based 
account for 
natural 
phenomena. 

patterns) to 
construct or support 
an explanation or 
design a solution to a 
problem. 

Identify the evidence 
that supports 
particular points in 
an explanation. 

and will continue to do so in the future. 

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

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

evidence to provide an explanation of 
phenomena and solve design problems, 
taking into account possible unanticipated 
effects. 

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): 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. 

Substructures have 
shapes and parts that 

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. 

The functions and properties of natural 
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K-2 3-5 6-8 9-12 

serve functions. 
 

Structures can be designed to serve 
particular functions by taking into 
account properties of different materials, 
and how materials can be shaped and 
used. 
 

and designed objects and systems can 
be inferred from their overall structure, the 
way their components are shaped and 
used, and the molecular substructures of 
its various materials.  

Disciplinary Core Ideas (DCIs): PS1.A: Structure and Properties of Matter; PS4.B: Electromagnetic Radiation 

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

PS1.A in K-2 builds on 
prior experiences and 
progresses to... 

Matter can be described 
and classified by its 
observable properties. 

Different properties are 
suited to different 
purposes. 

Objects can be built up 
from a smaller parts. 

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.A in 6-8 builds on K-
5 experiences 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.A in 9-12 builds on K-8 experiences and 
progresses to college or career experiences.  

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. 

PS4.B in K-2 builds on PS4.B in 3-5 builds on K-2 PS4.B in 6-8 builds on K- PS4.B in 9-12 builds on K-8 experiences and 
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K-2 3-5 6-8 9-12 

prior experiences and 
progresses to... 

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

experiences and progresses 
to... 

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

5 experiences and 
progresses to... 

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

progresses to college or career experiences. 

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 12.1.6.a – Analyze the function and impact of various text features, literary devices, and structures to support comprehension. 
• LA 12.1.6.i – Construct and/or answer literal, inferential, and critical questions and support answers with explicit evidence from 

the text or additional sources. 
• LA 12.2.1.a – Communicate ideas and information in a clear and concise manner appropriate to the purpose and audience. 
• LA 12.4.1.b – Analyze, evaluate, and cite multiple sources of information to support ideas or arguments. 

Mathematics Connections: 
• MA 11.2.1.a – Use algebraic reasoning to represent and solve problems involving mathematical situations and structures. 
• MA 11.3.1.a – Identify and describe patterns and relationships in data using mathematical models. 
• MA 11.4.1.a – Interpret and display data using various visual representations and justify conclusions. 
• MA 11.5.1.b – Apply proportional reasoning and unit conversions in real-world contexts. 

Social Studies Connections: 
• SS HS.4.4.c – Analyze how scientific and technological innovations have affected society, culture, and the environment. 

Fine and Performing Arts Connections: 
• FA 12.2.1.a – Use the elements and principles of design to communicate ideas through artwork. 
• FA 12.4.1.b – Analyze visual images to determine how meaning is conveyed. 
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Connection to other grade level indicators  

Authentic Connections to Other Content Standards: 
• Next Gen Science 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Atom, Electron, Electron configuration, Energy level, Ground state, Excited state, Energy shell, Orbital, Sublevel, Valence 

electron, Quantum number, Absorption, Emission, Photon, Electron transition, Excitation, Relaxation, Ionization, Spectral line, 
Emission spectrum, Absorption spectrum, Line spectrum, Continuous spectrum, Electromagnetic radiation, Electromagnetic 
spectrum, Wavelength (λ), Frequency (ν), Energy (E), Speed of light (c), Planck’s constant (h), E = hν, c = λν, Quantized energy, 
Visible light, Ultraviolet, Infrared, Claim, Evidence, Reasoning, Spectroscopy, Model, Predict, Revise, Analyze, Calculate, Justify, 
Spectrometer, Diffraction grating, Detector, Emission tube, Calibration, Nanometer (nm), Energy level diagram 

Assessment Considerations 

Formative Assessment: 
• Nebraska Formative Task Repository  

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

Knowledge, Skills, and Abilities: 
• KSA1: Describe how electrons in atoms absorb energy to move to higher energy levels and emit energy as they return to lower 

levels. 
• KSA2: Explain that energy absorbed or emitted corresponds to discrete (quantized) differences between electron energy levels. 
• KSA3: Identify evidence from observed atomic emission or absorption spectra and associate it with specific electronic 

transitions. 
• KSA4: Use energy level diagrams to explain spectral line patterns for elements such as hydrogen. 
• KSA5: Apply mathematical relationships, including E = hv and c = λv, to calculate the energy, frequency, or wavelength of 

emitted photons. 

https://www.nextgenscience.org/resources/bundling-ngss
https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/
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• KSA6: Construct a claim about an element’s emission pattern based on its electronic configuration and energy level spacing. 
• KSA7: Cite spectroscopic data (e.g., line spectra or digital simulations) as evidence to support or refute claims about electronic 

transitions. 
• KSA8: Compare spectra across elements to explain differences in line patterns based on differences in nuclear charge and 

orbital structure. 
• KSA9: Justify claims about atomic structure based on consistency between predicted transitions and measured spectra. 
• KSA10: Evaluate alternative explanations or sources of error in observed data (e.g., overlapping lines, instrumental limits, or 

environmental interference). 
• KSA11: Revise an explanation about atomic emission or absorption based on new data (e.g., from a spectrometer or literature 

comparison). 
• KSA12: Communicate an explanation that connects atomic structure to the observed electromagnetic radiation in terms of 

energy transformation and structure–function relationships. 
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Standard Code: SC.HSP.3.1 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.  

 

Compounds contain two or more elements attracted to one another by chemical bonds. Compounds have a consistent composition 
or ratio of atoms of its elements based on the chemical formula. A chemical bond is the attractive force between the atoms in the 
compounds and can be classified as polar or nonpolar based on the atoms’ attraction to the electron in the bond (electronegativity). 
Molecules are attracted to other molecules based on their temporary or permanent unequal distributions of electrons. More 
asymmetrical distributions or higher molecular polarity increases attraction between molecules and stronger intermolecular forces as a 
result. These intermolecular attractions play a significant role in the structure and function of molecules and macromolecules and can 
explain many resulting properties of these substances.  

Indicator Code: SC.HSP.3.1.h 

Use mathematical representations to quantify matter through the analysis of patterns in chemical compounds at different scales. 
Emphasis is on the mole concept, empirical formula, molecular formula, percent composition, and law of constant composition. (This is 
an upper-level course indicator. It is not recommended for all students.) 

NGSS Comparison: Builds on HS-PS1-1 

Other Indicators in this Standard 

SC.HSP.3.1.a, SC.HSP.3.1.b, SC.HSP.3.1.c, SC.HSP.3.1.d, SC.HSP.3.1.e, SC.HSP.3.1.f, SC.HSP.3.1.g 
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Concepts and Skills to Master 

Foundation Boxes: 

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

Using Mathematics and Computational Thinking 
• Use mathematical representations of phenomena to 

support claims. 

Scale, Proportion, and Quantity 
• The significance of a phenomenon is dependent on the 

scale, proportion, and quantity at which it occurs. 

 

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. 
• 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. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Identical Formulas, Different Substances: Why do glucose (C₆H₁₂O₆) and acetic acid (C₂H₄O₂) have the same percent 

composition of oxygen, but act very differently? 
• Combustion Analysis: How can we determine the identity of an unknown hydrocarbon just by burning it and measuring CO₂ 

and H₂O? 
• Fake Gold Jewelry: A customer is told their necklace is pure gold. Can percent composition data prove otherwise? 
• Pharmaceutical Formulas: Two drugs have the same empirical formula but different molecular formulas—how can this be, and 

does it matter? 
• Scaling Reactions for Industry: How do chemists scale up lab quantities to produce a product at industrial scale, while 

maintaining accurate ratios? 

Evidence Statements 

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

http://www.nap.edu/openbook.php?record_id=13165&page=89
http://www.nap.edu/openbook.php?record_id=13165&page=106
http://www.nap.edu/openbook.php?record_id=13165&page=106
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SC.HSP.3.1.h: Use mathematical representations to quantify matter through the analysis of patterns in chemical compounds at different 
scales. 
1. Representing Quantities and Relationships 

A. Students use mathematical relationships to quantify matter, including converting between mass, moles, number of 
particles, and molar volume using Avogadro’s number and molar mass. 

• Students select appropriate units and conversion factors for chemical quantities at both macroscopic and particulate 
levels. 

2. Using Mathematical Representations to Analyze Patterns in Composition 
A. Students calculate percent composition by mass for elements in a compound based on chemical formulas and sample 
data. 

• Students determine the relative mass contributions of each element to a compound and express as a percentage. 
B. Students determine empirical and molecular formulas from percent composition or mass data using molar mass and mole 
ratios. 

• Students explain how consistent mass ratios reflect repeating structural patterns in compounds. 
C. The mathematical representations may include numerical calculations, graphs, or other pictorial depictions of 
quantitative information. 

3. Connecting Mathematical Reasoning to Scientific Principles 
A. Students apply the law of constant composition to justify how the same compound always contains the same elements in 
the same proportion by mass. 

• Students use calculations to support or refute the claim that two samples represent the same compound. 
B. Students identify and explain deviations in data (e.g., experimental error, sample contamination) using mathematical 
comparison and proportional reasoning. 

4. Modeling Across Scales 
A. Students represent chemical compounds at different scales, including particulate models (e.g., atom–atom diagrams) 
and molar quantities (e.g., grams per mole), to show proportional consistency across levels. 
B. Students use models and numeric reasoning to move fluidly between atomic-scale representations and laboratory-scale 
quantities. 

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 

Mathematical 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). 

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

Use quantitative data 
to compare two 
alternative solutions to 
a problem. 

Mathematical 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. 

Organize simple data sets 
to reveal patterns that 
suggest relationships. 

Describe, measure, 
estimate, and/or graph 
quantities (e.g., area, 
volume, weight, time) to 
address scientific and 
engineering questions and 
problems. 

Create and/or use graphs 
and/or charts generated 
from simple algorithms to 
compare alternative 

Mathematical 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. 

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

Create algorithms (a series of 
ordered steps) to solve a 
problem. 

Apply mathematical concepts 
and/or processes (e.g., ratio, 
rate, percent, basic operations, 
simple algebra) to scientific and 
engineering questions and 
problems. 

Use digital tools and/or 

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

Create and/or revise a computational 
model or simulation of a phenomenon, 
designed device, process, or system. 

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

Apply techniques of algebra and functions 
to represent and solve scientific and 
engineering problems. 

Use simple limit cases to test mathematical 
expressions, computer programs, algorithms, 
or simulations of a process or system to see if 
a model “makes sense” by comparing the 
outcomes with what is known about the real 
world. 

Apply ratios, rates, percentages, and unit 
conversions in the context of complicated 
measurement problems involving quantities 
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K-2 3-5 6-8 9-12 

solutions to an engineering 
problem. 

mathematical concepts and 
arguments to test and compare 
proposed solutions to an 
engineering design problem. 

with derived or compound units (such as 
mg/mL, kg/m3 , acre-feet, etc.). 

Crosscutting Concepts (CCCs): Scale, proportion, and quantity 

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

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

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

Standard units 

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

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

Standard units are 
used to measure 
and describe 
physical quantities 

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

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

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

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

Scientific relationships can be represented 

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

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

Some systems can only be studied indirectly 
as they are too small, too large, too fast, or 
too slow to observe directly. 

Patterns observable at one scale may not be 
observable or exist at other scales. 

Using the concept of orders of magnitude 
allows one to understand how a model at 
one scale relates to a model at another 
scale. 
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K-2 3-5 6-8 9-12 

are used to 
measure length. 

such as weight, 
time, temperature, 
and volume. 

through the use of algebraic expressions 
and equations. 

Phenomena that can be observed at one 
scale may not be observable at another 
scale. 

Algebraic thinking is used to examine 
scientific data and predict the effect of a 
change in one variable on another (e.g., 
linear growth vs. exponential growth). 

Disciplinary Core Ideas (DCIs): PS.1.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 from smaller 
parts. 

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.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.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. 

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
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• LA 12.1.6.a – Analyze the function and impact of various text features, literary devices, and structures to support comprehension. 
• LA 12.1.6.i – Construct and/or answer literal, inferential, and critical questions and support answers with explicit evidence from 

the text or additional sources. 
• LA 12.2.1.a – Communicate ideas and information in a clear and concise manner appropriate to the purpose and audience. 
• LA 12.4.1.b – Analyze, evaluate, and cite multiple sources of information to support ideas or arguments. 

Mathematics Connections: 
• MA 11.1.1.b – Use numbers and quantities to describe, interpret, and solve real-world problems. 
• MA 11.2.1.a – Use algebraic reasoning to represent and solve problems involving mathematical situations and structures. 
• MA 11.3.1.a – Identify and describe patterns and relationships in data using mathematical models. 
• MA 11.4.1.a – Interpret and display data using various visual representations and justify conclusions. 

Social Studies Connections: 
• SS HS.4.4.c – Analyze how scientific and technological innovations have affected society, culture, and the environment. 

Fine and Performing Arts Connections: 
• FA 12.2.1.a – Use the elements and principles of design to communicate ideas through artwork. 
• FA 12.4.1.b – Analyze visual images to determine how meaning is conveyed. 

Connection to other grade level indicators  

Authentic Connections to Other Content Standards: 
• Next Gen Science 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Mole, Molar mass, Avogadro’s number, Empirical formula, Molecular formula, Percent composition, Law of constant 

composition, Formula mass, Chemical formula, Mass ratio, Conversion factor, Dimensional analysis, Proportion, Scale, Atom, 
Molecule, Compound, Element, Ratio, Grams, Atoms, Molecules, Formula unit, Subscript, Coefficient, Sample data, Significant 
figures, Experimental error, Consistency, Quantitative, Chemical identity, Unit conversion, Proportional reasoning 

 

https://www.nextgenscience.org/resources/bundling-ngss
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Assessment Considerations 

Formative Assessment: 
• Nebraska Formative Task Repository  

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

Knowledge, Skills, and Abilities: 
• KSA1: Convert between moles, mass, number of particles, and volume using dimensional analysis and appropriate constants 

(e.g., molar mass, Avogadro’s number). 
• KSA2: Calculate the percent composition of a compound based on its chemical formula or sample data. 
• KSA3: Use mass and percent data to determine the empirical formula of a compound. 
• KSA4: Determine the molecular formula from empirical data and molar mass. 
• KSA5: Apply the law of constant composition to identify or confirm chemical substances. 
• KSA6: Interpret patterns in whole-number mole ratios to justify empirical formula derivation. 
• KSA7: Construct proportional models at different scales (e.g., particulate, molar, and bulk mass) to represent consistent 

compound ratios. 
• KSA8: Justify whether two samples with different masses are the same compound by comparing percent composition and 

empirical formula. 
• KSA9: Analyze how molecular formulas explain variation among compounds with similar empirical formulas. 
• KSA10: Evaluate discrepancies in empirical data due to sample impurities, procedural errors, or rounding, and assess their 

impact on results. 
• KSA11: Compare mathematical and symbolic representations (e.g., formulas, ratios, tables) to understand chemical compound 

structure. 
• KSA12: Communicate quantitative conclusions from mole-based calculations clearly using multiple representations (e.g., units, 

graphs, proportions). 

https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/
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Topic Code: SC.HSP.4 Energy: Chemistry 
Standard Code: SC.HSP.4.2 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.HSP.4.2.a 

Use statistical and mathematical techniques to describe qualitative and quantitative thermodynamic relationships. Thermodynamic 
relationships may include: Enthalpy, Hess’s Law, Heats of Formation. Examples of data displays or graphs could include energy 
diagrams to communicate bond energies of products or reactants. Lab investigations may include calorimetry. (This is an upper-level 
course indicator. It is not recommended for all students.) 

NGSS Comparison: Builds on HS-PS3-1 

Other Indicators in this Standard 

SC.HSP.4.2.b, SC.HSP.4.2.c, SC.HSP.4.2.d 

Concepts and Skills to Master 

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

Using Mathematical and Computational Thinking 
• Use mathematical representations of phenomena to 

support claims. 

Connections to the 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. 

Energy and Matter 
• Changes of energy and matter in a system can be 

described in terms of energy and matter flows into, out of, 
and within that system. 

 

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.  

Secondary - 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. 

• The energy of reactants, products, and intermediate components can be represented graphically, with the overall energy 
calculated using  

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• How does a Small Spark Trigger a Huge Explosion? 
• OpenSciEd: Energy from Chemical Reactions 
• Indesructible Coating: Polyurea 

http://www.nap.edu/openbook.php?record_id=13165&page=94
http://www.nap.edu/openbook.php?record_id=13165&page=94
http://www.nap.edu/openbook.php?record_id=13165&page=94
https://www.nextgenscience.org/resources/high-school-interactions-unit-2-how-does-small-spark-trigger-huge-explosion
https://thewonderofscience.com/phenomenon/2018/7/9/indestructible-coating-polyurea
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• Reusable Heat Packs 
• Elephant Toothpaste 
• Ice Pack vs. Heat Pack: Why does one pack feel cold and another feel warm, even though both involve dissolving a salt in 

water? 
• Burning Fuels vs. Photosynthesis: Why does burning ethanol release energy, while making glucose through photosynthesis 

requires energy input?  
• Neutralization Reaction in a Coffee Cup: Why does the temperature of a solution rise during an acid–base reaction in a 

calorimeter?  
• Snapping a Glow Stick: How does breaking the inner tube in a glow stick start a chemical reaction that releases light and 

heat?  
• Heating Curve vs. Energy Diagram: How does the heat added during a phase change compare to the energy required to 

break chemical bonds? 

Evidence Statements 

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

SC.HSP.4.2.a: Use statistical and mathematical techniques to describe qualitative and quantitative thermodynamic relationships 
1.  Representation 

A. Students identify and describe the relevant quantities and relationships in a thermodynamic system, including: 
• Mass, specific heat, and temperature change for calorimetry 
• Potential energy of reactants and products from energy diagrams 
• Bond energies of chemical species 
• Known enthalpies of formation or elementary reactions (for Hess’s Law) 

B. Students determine which values and relationships are needed to calculate energy changes and locate them on a 
reference table, energy diagram, or data set. 
C. Students sketch or interpret a diagram that visually represents energy quantities (e.g., calorimetry bar graph, reaction 
energy diagram, bond energy pictorial model). 
D. Students identify the claim to be supported: whether the energy of the system increased or decreased due to thermal 
energy (calorimetry) or chemical energy (bond breaking/forming). 

2. Mathematical modeling 
A. Students use mathematical models to calculate total energy changes, including: 

https://thewonderofscience.com/phenomenon/2018/7/8/reusable-heat-packs
https://thewonderofscience.com/phenomenon/2018/5/13/elephant-toothpaste
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• Heat transferred using q = m • c • ΔT (calorimetry) 
• Enthalpy change from bond energies: ΔH = Bonds Broken − Bonds Formed 
• Net enthalpy change from Hess’s Law using algebraic manipulation of equations 

B. Students explain the reasoning for mathematical manipulations used to align elementary reactions in Hess’s Law 
calculations (e.g., reversing reactions, multiplying coefficients, changing signs). 
C. Students use proportional reasoning to explain patterns in energy change across different reactions (e.g., double the 
reactants = double the energy change). 
D. Students interpret observational or experimental results qualitatively to determine whether the system gained or lost 
energy. 

3. Analysis 
A. Students determine the overall enthalpy change using the correct thermodynamic relationship, depending on the 
method used: 

• Calorimetry: q = m • c • ΔT 
• Bond Energy: ΔH = Bonds Broken − Bonds Formed 
• Hess’s Law: ΔH rxn = Σ ΔH steps 
• Energy Diagram: ΔH = E products – E reactants  

B. Students use sign conventions and reasoning to interpret the meaning of the energy change (e.g., positive = 
endothermic, negative = exothermic). 
C. Students justify the direction of energy flow in terms of system and surroundings using evidence from calculations or 
graphical representations. 

Critical Background Knowledge 

Grade Band Progressions:  

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

Mathematical 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). 

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

Use quantitative data 
to compare two 
alternative solutions 

Mathematical 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. 

Organize simple data sets 
to reveal patterns that 
suggest relationships. 

Describe, measure, 
estimate, and/or graph 
quantities (e.g., area, 
volume, weight, time) to 
address scientific and 
engineering questions and 
problems. 

Create and/or use graphs 
and/or charts generated 
from simple algorithms to 
compare alternative 

Mathematical 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. 

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

Create algorithms (a series of 
ordered steps) to solve a 
problem. 

Apply mathematical concepts 
and/or processes (e.g., ratio, 
rate, percent, basic operations, 
simple algebra) to scientific and 
engineering questions and 
problems. 

Use digital tools and/or 
mathematical concepts and 
arguments to test and compare 

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

Create and/or revise a computational 
model or simulation of a phenomenon, 
designed device, process, or system. 

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

Apply techniques of algebra and 
functions to represent and solve scientific 
and engineering problems. 

Use simple limit cases to test 
mathematical expressions, computer 
programs, algorithms, or simulations of a 
process or system to see if a model 
“makes sense” by comparing the 
outcomes with what is known about the 
real world. 

Apply ratios, rates, percentages, and unit 
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K-2 3-5 6-8 9-12 

to a problem. solutions to an engineering 
problem. 

proposed solutions to an 
engineering design problem. 

conversions in the context of complicated 
measurement problems involving 
quantities with derived or compound units 

Crosscutting Concepts (CCCs): Energy and Matter 

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

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

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

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

Matter is made of particles. 

Matter flows and cycles 
can be tracked in terms of 
the weight of the 
substances before and 
after a process occurs. The 
total weight of the 
substances does not 
change. This is what is 
meant by conservation of 
matter. Matter is 
transported into, out of, 
and within systems. 

Energy can be transferred 

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 

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. 

Changes of energy and matter in a system can be 
described in terms of energy and matter flows into, 
out of, and within that system. 

Energy cannot be created or destroyed—only 
moves between one place and another place, 
between objects and/or fields, or between systems. 

Energy drives the cycling of matter within and 
between systems.  In nuclear processes, atoms are 
not conserved, but the total number of protons plus 
neutrons is conserved. 
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K-2 3-5 6-8 9-12 

in various ways and 
between objects. 

designed or natural system. 

Disciplinary Core Ideas (DCIs): PS3.B: Conservation of Energy and Energy Transfer, PS1.B Chemical Reactions 

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

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

[Intentionally left 
blank] 

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).  

Systems move toward stable states. 

PS1.B in K–2 builds on 
prior experiences 
and progresses to... 

Heating and cooling 

PS1.B in 3–5 builds on K–2 
experiences and progresses 
to... 

Chemical reactions that occur 

PS1.B in 6–8 builds on K–5 
experiences and knowledge and 
progresses to... 

Reacting substances rearrange to 

PS1.B in 9–12 builds on K–8 
experiences and knowledge and 
progresses to... 

Chemical processes are 
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K-2 3-5 6-8 9-12 

substances cause 
changes that are 
sometimes reversible 
and sometimes not. 

when substances are mixed 
can be identified by the 
emergence of substances with 
different properties; the total 
mass remains the same. 

form different molecules, but the 
number of atoms is conserved. Some 
reactions release energy and others 
absorb energy. 

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 12.1.6.a – Analyze the function and impact of various text features, literary devices, and structures to support comprehension. 
• LA 12.1.6.i – Construct and/or answer literal, inferential, and critical questions and support answers with explicit evidence from 

the text or additional sources. 
• LA 12.2.1.a – Communicate ideas and information in a clear and concise manner appropriate to the purpose and audience. 
• LA 12.4.1.b – Analyze, evaluate, and cite multiple sources of information to support ideas or arguments. 

Mathematics Connections: 
• MA 11.2.1.a – Use algebraic reasoning to represent and solve problems involving mathematical situations and structures. 
• MA 11.4.1.a – Interpret and display data using various visual representations and justify conclusions. 
• MA 11.5.1.b – Apply proportional reasoning and unit conversions in real-world contexts. 

Social Studies Connections: 
• SS HS.4.4.c – Analyze how scientific and technological innovations have affected society, culture, and the environment. 

Fine and Performing Arts Connections: 
• FA 12.2.1.a – Use the elements and principles of design to communicate ideas through artwork. 
• FA 12.4.1.b – Analyze visual images to determine how meaning is conveyed. 

Connection to other grade level indicators  

Authentic Connections to Other Content Standards: 
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• Next Gen Science 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Thermodynamics, Enthalpy, Calorimetry, Hess’s Law, Heats of formation, Energy diagram, Bond energy, Energy change, 

Exothermic, Endothermic, Reaction pathway, Reactants, Products, Specific heat capacity, Mass, Temperature change, 
Potential energy, Conservation of energy, System, Surroundings, Heat, Joules, Kilojoules, Equation manipulation, Proportionality, 
Quantitative, Sign convention, Positive, Negative, ΔH, q, m, c, ΔT 

Assessment Considerations 

Formative Assessment: 
• Nebraska Formative Task Repository  

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

Knowledge, Skills, and Abilities: 
• KSA1: Identify the quantitative variables (mass, specific heat, temperature change) required to calculate thermal energy 

change in a system. 
• KSA2: Use the formula 𝑞𝑞 = 𝑚𝑚 ⋅ 𝑐𝑐 ⋅ Δ𝑇𝑇 to determine energy transfer in calorimetry investigations. 
• KSA3: Calculate bond energy totals for reactants and products to determine the enthalpy change using the relationship: Δ𝐻𝐻 = 

Bonds broken − Bonds formed 
• KSA4: Manipulate and combine chemical equations mathematically to determine the overall enthalpy change using Hess’s 

Law. 
• KSA5: Construct and interpret energy diagrams to compare the potential energy of products and reactants. 
• KSA6: Explain whether a process is exothermic or endothermic based on the sign and magnitude of calculated energy change. 
• KSA7: Compare different representations (numeric, graphical, symbolic) of thermodynamic processes and recognize their 

equivalence. 
• KSA8: Relate macroscopic energy changes to particulate-level changes in chemical bonds or molecular motion. 
• KSA9: Describe the assumptions and limitations of using calorimetry and bond energy methods to estimate enthalpy changes. 
• KSA10: Evaluate whether calculated energy values support a claim about the energy flow in a physical or chemical process. 

https://www.nextgenscience.org/resources/bundling-ngss
https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/
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• KSA11: Recognize and justify mathematical errors or inconsistencies in energy calculations or diagram interpretations. 
• KSA12: Communicate quantitative thermodynamic reasoning clearly using correct units, sign conventions, and chemical 

terminology. 
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Standard Code: SC.HSP.4.2 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.HSP.4.2.b 

Plan and conduct an investigation to gather evidence of how the Kinetic Molecular Theory and gas laws are related. Examples include 
Dalton’s Law of partial pressures, Graham’s Law of Diffusion and Effusion, and empirical gas laws. (This is an upper-level course 
indicator. It is not recommended for all students.) 

NGSS Comparison: Builds on HS-PS3-2 

Other Indicators in this Standard 

SC.HSP.4.2.a, SC.HSP.4.2.c, SC.HSP.4.2.d 

 

Concepts and Skills to Master 
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Foundation Boxes: 

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

Planning and Carrying Out Investigations 
• 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. 

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) 

PS3.A: Definitions of Energy 
• 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. (HS-PS3-2) 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Ears pop in an airplane 
• Liquid nitrogen demos 
• Why do hot air balloons rise → Investigate how heating gas increases particle motion, pressure, and volume, applying 

Charles’s Law and KMT. 
• Why do aerosol cans burst when heated? → Explore the effect of temperature on pressure at constant volume using Gay-

Lussac’s Law. 
• Why do tire pressures decrease in cold weather? → Connect volume decrease to loss of particle kinetic energy and KMT 
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postulates. 
• How do gases of different molar masses diffuse at different speeds? → Graham’s Law of Diffusion: lighter gases travel faster — 

investigate with perfume or ammonia. 
• How does scuba diving relate to partial pressure? → Use Dalton’s Law to explain nitrogen narcosis and why divers must 

ascend slowly. 

Evidence Statements 

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

SC.HSP.4.2.b: Plan and conduct an investigation to gather evidence of how the Kinetic Molecular Theory and gas laws are related. 
Examples include Dalton’s Law of partial pressures, Graham’s Law of Diffusion and Effusion, and empirical gas laws. 
1. Identifying the Phenomenon to Be Investigated 

A. Students describe the phenomenon under investigation: macroscopic changes in pressure, volume, or temperature in 
gases are caused by changes in molecular kinetic energy and behavior. 
B. Students describe how the postulates of the Kinetic Molecular Theory (KMT) explain gas behavior, including: 

• Gas particles are in constant, random, straight-line motion 
• Collisions are elastic (no net energy loss) 
• Particles do not attract or repel each other 
• The average kinetic energy of particles is directly proportional to absolute temperature 

2. Identifying the Evidence to Answer the Question 
A. Students describe the evidence to be collected, such as: 

• Quantitative data for pressure, volume, temperature, or time 
• Observations of gas movement or behavior under controlled conditions 

B. Students identify how this data will be used to connect observable gas behavior (e.g., pressure increase) with changes in 
kinetic energy and particle speed, consistent with KMT. 

3. Planning for the Investigation 
A. Students define the variables to be tested (e.g., varying temperature while holding volume constant) and justify their 
selection based on expected cause-and-effect relationships (e.g., temperature rise → faster particles → higher pressure). 
B. Students develop a procedure that includes: 

• Equipment (e.g., gas syringe, temperature probe, manometer, stopwatch) 
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• Number of trials and range of values to test 
• Methods to reduce error and maintain consistent conditions 

C. Students indicate whether the investigation will be conducted individually or collaboratively. 
4. Collecting the Data 

A. Students conduct the investigation and systematically collect quantitative data (e.g., pressure and temperature) and 
qualitative observations (e.g., rate of gas diffusion or compression). 
B. b. Students organize the data using charts, tables, and/or graphs, and annotate it with references to relevant postulates 
of KMT (e.g., increased particle collisions due to temperature increase). 

5. Refining the Design 
A. Students evaluate the accuracy and precision of their collected data and identify sources of error (e.g., heat loss, poor 
sealing, sensor lag). 
B. Students propose and justify refinements to improve data quality (e.g., using digital sensors, increasing trial count, isolating 
variables more effectively). 

Critical Background Knowledge 

Grade Band Progressions:  

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

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

Planning and carrying out 
investigations in K–2 builds 
on prior experiences and 
progresses to... 

With guidance, plan and 
conduct an investigation in 
collaboration with peers 
(for K). 

Planning and carrying 
out investigations in 3–5 
builds on K–2 
experiences and 
progresses to... 

Plan and conduct an 
investigation 
collaboratively to 

Planning and carrying out 
investigations in 6–8 builds on 
K–5 experiences and 
progresses to... 

Plan an investigation 
individually and 
collaboratively, and in the 
design: identify independent 

Planning and carrying out investigations in 
9-12 builds on K–8 experiences and 
progresses to college or career 
experiences. 

Plan an investigation or test a design 
individually and collaboratively to produce 
data to serve as the basis for evidence as 
part of building and revising models, 
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K-2 3-5 6-8 9-12 

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. 

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

Make observations 
(firsthand or from media) 
and/or measurements of a 
proposed object or tool or 
solution to determine if it 
solves a problem or meets 
a goal. 

Make predictions based 

produce data to serve 
as the basis for 
evidence, using fair tests 
in which variables are 
controlled and the 
number of trials 
considered. 

Evaluate appropriate 
methods and/or tools 
for collecting data. 

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. 

Make predictions about 
what would happen if a 
variable changes. 

Test two different 
models of the same 
proposed object, tool, 
or process to determine 

and dependent variables 
and controls, what tools are 
needed to do the gathering, 
how measurements will be 
recorded, and how many 
data are needed to support 
a claim. 

Conduct an investigation 
and/or evaluate and/or 
revise the experimental 
design to produce data to 
serve as the basis for 
evidence that meet the 
goals of the investigation. 

Evaluate the accuracy of 
various methods for 
collecting data. 

Collect data to produce 
data to serve as the basis for 
evidence to answer scientific 
questions or test design 
solutions under a range of 
conditions. 

Collect data about the 
performance of a proposed 

supporting explanations for phenomena, or 
testing solutions to problems. Consider 
possible confounding variables or effects 
and evaluate the investigation’s design to 
ensure variables are controlled. 

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. 

Plan and conduct an investigation or test a 
design solution in a safe and ethical 
manner including considerations of 
environmental, social, and personal 
impacts. 

Select appropriate tools to collect, record, 
analyze, and evaluate data. Make 
directional hypotheses that specify what 
happens to a dependent variable when an 
independent variable is manipulated. 

Manipulate variables and collect data 
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K-2 3-5 6-8 9-12 

on prior experiences. which better meets 
criteria for success. 

object, tool, process or 
system under a range of 
conditions. 

about a complex model of a proposed 
process or system to identify failure points or 
improve performance relative to criteria for 
success or other variables. 

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

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

Cause and effect 
relationships are 
routinely identified, 
tested, and used to 
explain change. 

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

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

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

Cause and effect relationships 
may be used to predict 
phenomena in natural or designed 
systems. 

Phenomena may have more than 
one cause, and some cause-and-
effect relationships in systems can 
only be described using 
probability. 

Cause and 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. 

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. 

Systems can be designed to cause a desired 
effect. 

Changes in systems may have various causes that 
may not have equal effects. 
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Disciplinary Core Ideas (DCIs): PS3.A Energy 

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

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

[Intentionally left 
blank] 
 

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).  

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA 12.1.6.a – Analyze the function and impact of various text features, literary devices, and structures to support comprehension. 
• LA 12.1.6.i – Construct and/or answer literal, inferential, and critical questions and support answers with explicit evidence from 

the text or additional sources. 
• LA 12.2.1.a – Communicate ideas and information in a clear and concise manner appropriate to the purpose and audience. 
• LA 12.4.1.b – Analyze, evaluate, and cite multiple sources of information to support ideas or arguments. 

Mathematics Connections: 
• MA 11.2.1.a – Use algebraic reasoning to represent and solve problems involving mathematical situations and structures. 
• MA 11.4.1.a – Interpret and display data using various visual representations and justify conclusions. 
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• MA 11.5.1.b – Apply proportional reasoning and unit conversions in real-world contexts. 

Social Studies Connections: 
• SS HS.4.4.c – Analyze how scientific and technological innovations have affected society, culture, and the environment. 

Fine and Performing Arts Connections: 
• FA 12.2.1.a – Use the elements and principles of design to communicate ideas through artwork. 
• FA 12.4.1.b – Analyze visual images to determine how meaning is conveyed. 

Connection to other grade level indicators  

Authentic Connections to Other Content Standards: 
• Next Gen Science 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Kinetic Molecular Theory, Gas law, Pressure, Volume, Temperature, Particle, Molecule, Average kinetic energy, Absolute 

temperature, Kelvin, Boyle’s Law, Charles’s Law, Gay-Lussac’s Law, Combined Gas Law, Dalton’s Law, Graham’s Law, Diffusion, 
Effusion, Elastic collision, Random motion, Control variable, Experimental variable, Sensor, Gas syringe, Manometer, 
Thermometer, Inverse relationship, Direct relationship, Data table, Trend, Hypothesis, Trial, Precision, Error, Cause, Effect, 
Macroscopic, Microscopic 

Assessment Considerations 

Formative Assessment: 
• Nebraska Formative Task Repository  

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

Knowledge, Skills, and Abilities: 
• KSA1: Describe how macroscopic gas variables (e.g., pressure, volume, temperature) reflect particle motion and energy at the 

molecular level. 

https://www.nextgenscience.org/resources/bundling-ngss
https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/
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• KSA2: Identify appropriate variables to test in a gas law investigation and justify them in terms of cause-and-effect relationships. 
• KSA3: Develop a testable question or hypothesis about how one variable (e.g., temperature) affects another (e.g., pressure) in a 

gaseous system. 
• KSA4: Design a procedure to measure relevant gas variables and describe tools (e.g., gas syringe, pressure sensor, temperature 

probe) and controls used. 
• KSA5: Conduct a controlled investigation to collect data on gas behavior (e.g., Boyle’s Law, Charles’s Law, Graham’s Law). 
• KSA6: Record and organize gas behavior data using structured formats (e.g., tables, graphs) and label all variables with correct 

units, such that patterns may be observed to provide evidence for underlying cause-and-effect relationships. 
• KSA7: Interpret trends or patterns in the data to support or refute the predicted relationship between variables. 
• KSA8: Relate macroscopic patterns in data (e.g., inverse or direct relationships) to particle-level explanations using Kinetic 

Molecular Theory. 
• KSA9: Explain how temperature is proportional to the average kinetic energy of particles in a gas sample. 
• KSA10: Evaluate the sources of error, accuracy, and precision in a gas law investigation, and determine whether the evidence 

gathered is sufficient to support a causal explanation consistent with the Kinetic Molecular Theory and energy-based particle 
behavior. 

• KSA11: Propose modifications to the experimental design that would improve precision, control of variables, or clarity of results. 
• KSA12: Communicate findings using visual, oral, and/or written formats that clearly connect particle behavior to observed gas 

behavior. 
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Standard Code: SC.HSP.4.2 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.HSP.4.2.c 

Analyze and interpret data to explain changes in energy within a system and/or energy flows in and out of a system. Emphasis is on the 
use of mathematical expressions to describe the change in energy within the system. Investigations could include electrochemistry 
(electrolysis). (This is an upper-level course indicator. It is not recommended for all students.) 

NGSS Comparison: Builds on HS-PS3-1 

Other Indicators in this Standard 

SC.HSP.4.2.a, SC.HSP.4.2.b, SC.HSP.4.2.d 

Concepts and Skills to Master 

 

 

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

Analyzing and Interpreting 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 

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. 

Systems & 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. 

 

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. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Electroplating with a Battery: Why does more metal deposit on one electrode than another during electroplating, and how 

does energy relate to the amount transferred? 
• Cold Pack Activation: Why does a cold pack become cold without refrigeration? Where does the energy come from or go? 
• Battery Charging vs. Discharging: Why does a battery get warm while charging or discharging? Where does that energy go? 
• Temperature Change During Electrolysis: What does a temperature change during electrolysis tell us about energy flow 

between the system and its surroundings? 
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• Gas Evolution in Electrolysis: If bubbles appear in an electrolysis cell, where does the energy come from to break bonds in 
water and form hydrogen gas? 

Evidence Statements 

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

SC.HSP.4.2.c: Analyze and interpret data to explain changes in energy within a system and/or energy flows in and out of a system. 
1. Organizing Data 

A. Students organize the data in a way that facilitates analysis and interpretation. This includes: 
• Labeling variables with appropriate units (e.g., joules, volts, degrees Celsius) 
• Organizing measurements into tables, charts, or graphs 
• Structuring data to track changes in energy over time or across system boundaries 

2. Identifying Relationships 
A. Students identify relationships in the data by: 

• Comparing input and output energy values or changes in system variables (e.g., temperature rise vs. current applied) 
• Identifying correlations between variables (e.g., voltage vs. mass deposited during electrolysis) 
• Recognizing patterns that reflect energy transfer or transformation within the system 

3. Interpreting the Data 
A. Students interpret the relationships observed in the data to explain how energy changes or transfers occurred, by: 

• Explaining how a change in one system variable (e.g., temperature) results in or reflects a change in energy 
• Using models of the system (e.g., galvanic or electrolytic cell) to describe energy flow between components and/or 

across boundaries 
• Making inferences about the conservation of energy based on observed measurements and calculations 

4. Connecting to Scientific Concepts 
A. Students connect their interpretation of the data to accepted scientific knowledge by: 

• Using thermodynamic equations (e.g., 𝑞𝑞 = 𝑚𝑚 ⋅ 𝑐𝑐 ⋅ Δ𝑇𝑇, 𝐸𝐸 = 𝑉𝑉 ⋅ 𝑄𝑄, or redox half-cell potentials) to calculate and confirm 
energy changes 

• Justifying their interpretation using concepts from PS3.B, such as conservation of energy, and energy conversion (e.g., 
electrical → chemical energy) 

• Explaining whether the observed energy change is consistent with a model of the system (e.g., system gained energy 
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from surroundings during electrolysis) 

Critical Background Knowledge 

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. 

Use observations 
(firsthand or from 
media) to describe 
patterns and/or 
relationships in the 
natural and designed 
world(s) in order to 

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. 

Compare and contrast 

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. 

Apply concepts of statistics and 
probability (including mean, median, 

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. 

Apply concepts of statistics and 
probability (including determining 
function fits to data, slope, intercept, 
and correlation coefficient for linear 
fits) to scientific and engineering 
questions and problems, using digital 
tools when feasible. 

Consider limitations of data analysis 
(e.g., measurement error, sample 
selection) when analyzing and 
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K-2 3-5 6-8 9-12 

answer scientific 
questions and solve 
problems. 

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

Analyze data from 
tests of an object or 
tool to determine if it 
works as intended. 

data collected by 
different groups in 
order to discuss 
similarities and 
differences in their 
findings. 

Analyze data to refine 
a problem statement 
or the design of a 
proposed object, tool, 
or process. 

Use data to evaluate 
and refine design 
solutions. 

mode, and variability) to analyze and 
characterize data, using digital tools 
when feasible. 

Consider limitations of data analysis (e.g., 
measurement error), and/or seek to 
improve precision and accuracy of data 
with better technological tools and 
methods (e.g., multiple trials). 

Analyze and interpret data to determine 
similarities and differences in findings. 

Analyze data to define an optimal 
operational range for a proposed object, 
tool, process or system that best meets 
criteria for success. 

interpreting data. 

Compare and contrast various types 
of data sets (e.g., self-generated, 
archival) to examine consistency of 
measurements and observations. 

Evaluate the impact of new data on a 
working explanation and/or model of 
a proposed process or system. 

Analyze data to identify design 
features or characteristics of the 
components of a proposed process or 
system to optimize it relative to criteria 
for success. 

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 

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

A system is a group 
of related parts that 

Systems and System Models in 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 

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

Systems can be designed to do specific tasks. 

When investigating or describing a system, the 
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K-2 3-5 6-8 9-12 

to... 

Objects and 
organisms can 
be described in 
terms of their 
parts. 

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

make up a whole 
and can carry out 
functions its 
individual parts 
cannot. 

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

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. 

boundaries and initial conditions of the system need to 
be defined and their inputs and outputs analyzed and 
described using 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. 

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. 

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... 

Sunlight warms 
Earth’s surface. 

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 

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 

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

through sound, light, or 
electrical currents. Energy can 
be converted from one form to 
another form. 

relationship between the 
temperature and the total energy of 
a system depends on the types, 
states, and amounts of matter. 

Systems move toward stable states. 

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA 12.1.6.a – Analyze the function and impact of various text features, literary devices, and structures to support comprehension. 
• LA 12.1.6.i – Construct and/or answer literal, inferential, and critical questions and support answers with explicit evidence from 

the text or additional sources. 
• LA 12.2.1.a – Communicate ideas and information in a clear and concise manner appropriate to the purpose and audience. 
• LA 12.4.1.b – Analyze, evaluate, and cite multiple sources of information to support ideas or arguments. 

Mathematics Connections: 
• MA 11.2.1.a – Use algebraic reasoning to represent and solve problems involving mathematical situations and structures. 
• MA 11.4.1.a – Interpret and display data using various visual representations and justify conclusions. 
• MA 11.5.1.b – Apply proportional reasoning and unit conversions in real-world contexts. 

Social Studies Connections: 
• SS HS.4.4.c – Analyze how scientific and technological innovations have affected society, culture, and the environment. 

Fine and Performing Arts Connections: 
• FA 12.2.1.a – Use the elements and principles of design to communicate ideas through artwork. 
• FA 12.4.1.b – Analyze visual images to determine how meaning is conveyed. 

Connection to other grade level indicators  

Authentic Connections to Other Content Standards: 
• Next Gen Science 

https://www.nextgenscience.org/resources/bundling-ngss
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Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• System, Surroundings, Boundary, Energy transfer, Energy flow, Energy change, Enthalpy, Heat, Work, Voltage, Current, Mass, 

Temperature, Electrochemical cell, Galvanic cell, Electrolytic cell, Calorimetry, Thermodynamics, Electrical energy, Chemical 
energy, Potential energy, Conservation of energy, Input, Output, Reaction vessel, Temperature change, Exothermic, 
Endothermic, Electrode, Electrolysis, Redox, Joules, Kilojoules, Coulombs, Watts, Time, Graph, Energy diagram 

Assessment Considerations 

Formative Assessment: 
• Nebraska Formative Task Repository  

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

Knowledge, Skills, and Abilities: 
• KSA1: Record quantitative data related to energy change (e.g., temperature, voltage, time, mass, current) in a structured table 

or chart with correct units and labeled variables. 
• KSA2: Organize data to reflect system components (e.g., battery, electrolyte, electrodes) and clearly define boundaries 

between system and surroundings. 
• KSA3: Identify trends or patterns in energy-related data (e.g., mass change over time, temperature vs. energy input) that 

describe how the system changes. 
• KSA4: Graph or model relationships among variables to reveal proportionalities (e.g., temperature increase per gram, mass 

deposited per coulomb). 
• KSA5: Compare energy values before and after a process to determine whether the system gained or lost energy. 
• KSA6: Interpret the meaning of energy change values using models such as energy bar charts, energy diagrams, or system flow 

charts. 
• KSA7: Use mathematical expressions (e.g., 𝑞𝑞 = 𝑚𝑚 ⋅ 𝑐𝑐 ⋅ Δ𝑇𝑇, 𝐸𝐸 = 𝑉𝑉 ⋅ 𝑄𝑄, ΔH = q) to calculate total energy change or energy 

transferred. 
• KSA8: Explain how the flow of energy (e.g., into or out of a system) accounts for observable system behavior (e.g., temperature 

increase, gas formation, electrode mass gain). 
• KSA9: Justify the energy change using scientific principles such as conservation of energy and the transformation between forms 

https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/
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of energy (e.g., electrical → chemical). 
• KSA10: Describe how the energy flow in or out of a system supports or contradicts an accepted model (e.g., heat from 

surroundings → system in an endothermic reaction). 
• KSA11: Evaluate the adequacy of the data in supporting a scientific claim about energy conservation in the system. 
• KSA12: Refine or revise the system model or interpretation if the energy values do not match predictions, offering possible 

reasons for discrepancy (e.g., heat loss, incomplete reaction). 
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Standard Code: SC.HSP.4.2 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.HSP.4.2.d 

Analyze a major global challenge to specify qualitative and quantitative criteria and constraints for solutions that account for societal 
needs and wants. Examples could include alternative energies, carbon footprint, and crude oil refining process. 

NGSS Comparison: Builds on HS-ETS1-1 

Other Indicators in this Standard 

SC.HSP.4.2.a, SC.HSP.4.2.b, SC.HSP.4.2.c 

Concepts and Skills to Master 

Foundation Boxes: 

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

Asking Questions and Defining Problems: 
• Define a design problem that involves the 

development of a process or system with interacting 

Energy and Matter:  
• Energy cannot be created or destroyed—only moves between 

one place and another place, between objects and/or fields, or 
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 
components and criteria and constraints that may 
include social, technical, and/or environmental 
considerations. 

between systems. 

Connections to Engineering, Technology, and Applications of Science 

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

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

 

Disciplinary Core Idea (DCI) 

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 
• Global demand for energy has almost tripled in the past 40 years and may triple again in the next 50 years. Most of the 

demand comes from industrialized nations, but most of the increase in demand is coming from developing countries 
• In 2011 fossil fuels accounted for 80% of the total energy used in the United States. (Of this total, petroleum accounts for 35%, 

natural gas 25%, and coal 20%.) Nuclear, biomass, and hydroelectric power contribute about 17% of the total energy budget. 
The remaining 3% derives from solar, wind, and geothermal energy-generating facilities. 

• China and India, with rapidly growing economies, are increasing their energy usage by about 8% per year. in 2007, China 
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passed the United States as the number one emitter of greenhouse gases in the world, and in 2009 China became the largest 
consumer of energy. 

• Why are lithium-ion batteries difficult to recycle? → Energy and matter constraints in battery chemistry, rare metals, fire risk 
• Why is desalinating seawater expensive and energy-intensive? → Electrolysis, ion exchange, membrane technologies, energy 

cost trade-offs 
• What’s the chemistry behind biodegradable plastics, and why aren't they widely used? → Polymer structure, degradation 

conditions, performance vs. breakdown trade-offs 
• How can green chemistry reduce industrial emissions? → Catalysis, atom economy, solvent alternatives, minimizing waste 
• What makes PFAS (“forever chemicals”) such a global pollution challenge? → Bond energy, chemical stability, energy input 

required for breakdown 

Evidence Statements 

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

SC.HSP.4.2.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’ analyses include: 
• A description of the challenge with a rationale for why it is a major global challenge; 
• A qualitative and quantitative description of 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 
• Documented background research on the problem from two or more sources, including research journals. Students 

describe a chemistry-relevant global challenge with societal implications. 
B. The problem description refers to a system in which energy or matter is transformed or transported. 

2. Defining the process or system boundaries, and the components of the process or system 
A. Students’ analyses include identification of 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. Students’ analyses include a description of 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 
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A. Students specify the qualitative and quantitative criteria and constraints for acceptable solutions to the problem. 
• Qualitative criteria for a successful solution (e.g., must be nontoxic, must reduce emissions, must use sustainable 

materials) 
• Quantitative criteria (e.g., reduce CO₂ by 40%, improve efficiency by 20%, lower cost to <$1.00/gallon treated) 
• Constraints (e.g., energy input limitations, material availability, waste disposal issues) 

B. Students explain how the chosen criteria and constraints relate to the underlying chemical processes, energy flows, or 
material limitations involved in 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...  

Ask questions 
based on 
observations to 
find more 
information 
about the 

Asking Questions and 
Defining Problems in 
3–5 builds on K–2 
experiences and 
progresses to...  

Ask questions about 
what would happen if 
a variable is 
changed. 

Identify scientific 
(testable) and non-
scientific 
(nontestable) 

Asking Questions and Defining Problems in 
6–8 builds on K–5 experiences and 
progresses to...  

Ask questions that arise from careful 
observation of phenomena, models, or 
unexpected results, to clarify and/or seek 
additional information.  

Ask questions to identify and/or clarify 
evidence and/or the premise(s) of an 
argument. 

Ask questions to determine relationships 
between independent and dependent 

Asking Questions and Defining Problems in 
9-12 builds on K–8 experiences and 
progresses to college or career 
experiences.  

Ask questions that arise from careful 
observation of phenomena, or unexpected 
results, to clarify and/or seek additional 
information. 

Ask questions that arise from examining 
models or a theory, to clarify and/or seek 
additional information and relationships. 

Ask questions to determine relationships, 
including quantitative relationships, 
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K-2 3-5 6-8 9-12 

natural and/or 
designed 
world(s). 

Ask and/or 
identify 
questions that 
can be 
answered by 
an 
investigation. 

Define a simple 
problem that 
can be solved 
through the 
development 
of a new or 
improved 
object or tool. 

questions. 

Ask questions that 
can be investigated 
and predict 
reasonable outcomes 
based on patterns 
such as cause-and-
effect relationships. 

Use prior knowledge 
to describe problems 
that can be solved. 

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. 

variables and relationships in models.  

Ask questions to clarify and/or refine a 
model, an explanation, or an engineering 
problem. 

Ask questions that require sufficient and 
appropriate empirical evidence to answer. 

Ask questions that can be investigated 
within the scope of the classroom, outdoor 
environment, and museums and other 
public facilities with available resources 
and, when appropriate, frame a hypothesis 
based on observations and scientific 
principles.  

Ask questions that challenge the premise(s) 
of an argument or the interpretation of a 
data set. 

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. 

between independent and dependent 
variables. 

Ask questions to clarify and refine a model, 
an explanation, or an engineering problem. 

Evaluate a question to determine if it is 
testable and relevant. 

Ask questions that can be investigated 
within the scope of the school laboratory, 
research facilities, or field (e.g., outdoor 
environment) with available resources and, 
when appropriate, frame a hypothesis 
based on a model or theory. 

Ask and/or evaluate questions that 
challenge the premise(s) of an argument, 
the interpretation of a data set, or the 
suitability of a design. 

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 environmental 
considerations. 
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Crosscutting Concepts (CCCs): Energy and Matter 

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

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

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

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

Matter is made of particles. 

Matter flows and cycles can 
be tracked in terms of the 
weight of the substances 
before and after a process 
occurs. The total weight of the 
substances does not change. 
This is what is meant by 
conservation of matter. Matter 
is transported into, out of, and 
within systems. 

Energy can be transferred in 
various ways and between 
objects. 

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. 

Changes of energy and matter in a system 
can be described in terms of energy and 
matter flows into, out of, and within that 
system. 

Energy cannot be created or destroyed—
only moves between one place and another 
place, between objects and/or fields, or 
between systems. 

Energy drives the cycling of matter within and 
between systems. 

In nuclear processes, atoms are not 
conserved, but the total number of protons 
plus neutrons is conserved. 
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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 
on the basis of 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 
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 progresses to college or career 
experiences.  

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. 

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA 12.1.6.i – Construct and/or answer literal, inferential, and critical questions and support answers with explicit evidence from 

the text or additional sources. 
• LA 12.2.1.a – Communicate ideas and information in a clear and concise manner appropriate to the purpose and audience. 
• LA 12.4.1.b – Analyze, evaluate, and cite multiple sources of information to support ideas or arguments. 
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Mathematics Connections: 
• MA 11.4.1.a – Interpret and display data using various visual representations and justify conclusions. 
• MA 11.5.1.b – Apply proportional reasoning and unit conversions in real-world contexts. 

Social Studies Connections: 
• SS HS.4.4.c – Analyze how scientific and technological innovations have affected society, culture, and the environment. 

Connection to other grade level indicators  

Authentic Connections to Other Content Standards: 
• Next Gen Science 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Global challenge, Energy, Matter, System, Boundary, Input, Output, Chemical process, Chemical waste, Renewable energy, 

Fossil fuel, Efficiency, Sustainability, Atom economy, Toxicity, Material availability, Reaction yield, Constraint, Criterion, Trade-off, 
Optimization, Engineering solution, Societal needs, Environmental impact, Emissions, Life cycle, Degradation, Reaction pathway, 
Cost, Safety 

Assessment Considerations 

Formative Assessment: 
• Nebraska Formative Task Repository  

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

Knowledge, Skills, and Abilities: 
• KSA1: Describe a global challenge rooted in chemical principles (e.g., carbon emissions, plastic waste, water contamination) 

and explain its impacts on human or environmental systems. 
• KSA2: Identify the boundaries of the chemical system involved in the problem and describe the flow of energy or matter into 

and out of the system. 
• KSA3: Differentiate which parts of the system are part of the challenge (inputs, outputs, transformations) and which parts are 

https://www.nextgenscience.org/resources/bundling-ngss
https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/
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external (e.g., surrounding environment, societal context). 
• KSA4: Define societal needs and wants relevant to the problem, such as safety, cost, sustainability, or accessibility. 
• KSA5: Explain how the chemical nature of the problem (e.g., reaction conditions, toxic byproducts, resource intensity) influences 

what the solution must achieve. 
• KSA6: Specify at least one qualitative criterion (e.g., nontoxicity, biodegradability, ease of implementation) and justify its 

importance. 
• KSA7: Specify at least one quantitative criterion (e.g., % waste reduction, cost per unit, energy efficiency threshold), and explain 

how it will help determine solution success. 
• KSA8: Identify physical, chemical, technological, or social constraints (e.g., temperature requirements, material scarcity, 

infrastructure needs). 
• KSA9: Analyze how well the proposed criteria and constraints reflect the underlying chemistry of the problem (e.g., atom 

economy, energy consumption, bond strength, reactivity). 
• KSA10: Ask clarifying questions that deepen understanding of the problem or its chemical basis (e.g., What are the main energy 

losses? Which compounds are involved? What are the reaction yields?). 
• KSA11: Refine criteria or constraints to improve their specificity, realism, or relevance to the chemistry of the challenge. 
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Topic Code: SC.HSP.5 Chemical Reactions 
Standard Code: SC.HSP.5.3 Gather, analyze, and communicate evidence of chemical reactions.  

Chemical reactions, including rates of reactions and energy changes, can be understood by students at this level in terms of the 
collisions of molecules and the rearrangements of atoms. 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. Students are able to use the periodic table as a tool to explain and predict the properties of elements. 
Using this expanded knowledge of chemical reactions, students are able to explain important biological and geophysical 
phenomena. 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. Students are 
also able to apply an understanding of the process of optimization in engineering design to chemical reaction systems. 

Indicator Code: SC.HSP.5.3.a 

Plan and conduct an investigation to generate evidence that answers scientific questions related to changes in solution chemistry. 
Examples include titrations, solubility, and Le Chatelier’s Principle. (This is an upper-level course indicator. It is not recommended for all 
students.) 

NGSS Comparison: Builds on HS-PS1-6 

Other Indicators in this Standard 

SC.HSP.5.3.b, SC.HSP.5.3.c, SC.HSP.5.3.d, SC.HSP.5.3.e, SC.HSP.5.3.f 

Concepts and Skills to Master 
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Foundation Boxes: 

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

Planning and Carrying Out Investigations 
• 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. 

Stability and Change 
• 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. 
• 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 
• When rock salt is added to ice on the roads, the ice melts 
• My grandmother told me that pasta cooks faster in saltwater than in tap water 
• When making Kool Aid, the color and taste will differ based on the amount of powder used in the same amount of water 
• When making tea if one tea bag is used the color is lighter than if two tea bags are used in the same amount of water 
• Cleaners typically have a high pH, but food tends to have a low pH 
• When universal indicator is added the following substances, the following colors will appear: toilet cleaner is red, lemon juice is 

orange, distilled water is green, glass cleaner is turquoise, and drain cleaner is blue 
• Swimming pool or aquarium maintenance 
• Why does adding salt to a saturated solution cause crystals to form? → Solubility, saturation, dynamic equilibrium 

http://www.nap.edu/openbook.php?record_id=13165&page=109
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• Why does adding more reactant not always increase product? → Equilibrium shifts, Le Chatelier’s Principle 
• How do antacids neutralize stomach acid? → Titration, acid-base neutralization, pH change 
• What happens when CO₂ dissolves in ocean water? → Le Chatelier’s Principle applied to carbonic acid equilibrium 
• Why does sugar dissolve faster in hot tea than when making Kool Aid? → Stability and change in dissolution processes 

Evidence Statements 

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

SC.HSP.5.3.a: Plan and conduct an investigation to generate evidence that answers scientific questions related to changes in solution 
chemistry. 
1. Identifying the Phenomenon to Be Investigated 

A. Students describe the phenomenon or question under investigation, which includes the idea that chemical or physical 
changes in solution chemistry (e.g., pH, concentration, solubility) result from changes in conditions (e.g., temperature, volume, 
pressure, or ion presence) and are governed by underlying principles of equilibrium, dissolution, or acid-base reactions (Le 
Chatelier’s Principle). 

2. Identifying the Evidence to Answer This Question 
A. Students develop an investigation plan that describes the types of evidence to be collected, such as: 

• Volume of titrant added to reach endpoint 
• Solubility of a substance under varying conditions 
• Shifts in equilibrium concentrations in response to stressors 

B. Students describe how the collected evidence will support claims about stability and change in a solution system (Le 
Chatelier’s Principle), such as: 

• How the volume of titrant/base required to reach the endpoint relates to the molarity of the acid in the flask 
• How changes in color of a solution/concentration upon adding/removing a substance from the reaction shifts the 

system to return the system to equilibrium 
• How the presence of two ions in solution can combine to make an insoluble precipitate 

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

• Identify independent, dependent, and control variables (e.g., volume of titrant, temperature, concentration); 
• Provide a rationale for how changes will affect solution stability or equilibrium; 
• Select appropriate tools and materials (e.g., burette, pH probe, spectrophotometer); and 
• Describe procedures including trial number, safety precautions, data collection format, and experimental set up. 
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B. Students indicate whether the investigation will be conducted individually or collaboratively, and how work will be 
divided and results synthesized. 

4. Collecting the Data 
A. Students conduct the investigation and collect both qualitative and quantitative data related to solution chemistry 
changes (e.g., color change at titration endpoint, solubility as a function of temperature, equilibrium shift with added reactant). 
B. Students record data in a structured format (e.g., data tables, titration curves, solubility graphs) that allows for analysis of 
how stability or change occurred in the system. 

5. Refining the Design 
A. Students evaluate the investigation for: 

• Accuracy and precision of measurements 
• Sources of error (e.g., indicator choice, timing, dilution errors) 
• Whether the data collected was sufficient and valid to support conclusions about solution chemistry changes 

B. If necessary, students propose and justify revisions to the investigation design to improve reliability or clarity of the 
evidence, such as increasing trials, using more precise measurement tools, or better isolating variables. 

Critical Background Knowledge 

Grade Band Progressions:  

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

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

Planning and carrying out 
investigations in K–2 builds 
on prior experiences and 
progresses to... 

With guidance, plan and 
conduct an investigation 
in collaboration with peers 
(for K). 

Planning and carrying 
out investigations in 3–5 
builds on K–2 
experiences and 
progresses to... 

Plan and conduct an 
investigation 
collaboratively to 

Planning and carrying out 
investigations in 6–8 builds on 
K–5 experiences and 
progresses to... 

Plan an investigation 
individually and 
collaboratively, and in the 
design: identify independent 

Planning and carrying out investigations in 9-
12 builds on K–8 experiences and progresses 
to college or career experiences. 

Plan an investigation or test a design 
individually and collaboratively to produce 
data to serve as the basis for evidence as 
part of building and revising models, 
supporting explanations for phenomena, or 
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K-2 3-5 6-8 9-12 

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. 

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

Make observations 
(firsthand or from media) 
and/or measurements of a 
proposed object or tool or 
solution to determine if it 
solves a problem or meets 
a goal. 

produce data to serve 
as the basis for 
evidence, using fair 
tests in which variables 
are controlled and the 
number of trials 
considered. 

Evaluate appropriate 
methods and/or tools 
for collecting data. 

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. 

Make predictions about 
what would happen if a 
variable changes. 

Test two different 
models of the same 
proposed object, tool, 
or process to determine 

and dependent variables 
and controls, what tools are 
needed to do the gathering, 
how measurements will be 
recorded, and how many 
data are needed to support 
a claim. 

Conduct an investigation 
and/or evaluate and/or 
revise the experimental 
design to produce data to 
serve as the basis for 
evidence that meet the goals 
of the investigation. 

Evaluate the accuracy of 
various methods for collecting 
data. 

Collect data to produce data 
to serve as the basis for 
evidence to answer scientific 
questions or test design 
solutions under a range of 
conditions. 

Collect data about the 
performance of a proposed 

testing solutions to problems. Consider 
possible confounding variables or effects 
and evaluate the investigation’s design to 
ensure variables are controlled. 

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. 

Plan and conduct an investigation or test a 
design solution in a safe and ethical manner 
including considerations of environmental, 
social, and personal impacts. 

Select appropriate tools to collect, record, 
analyze, and evaluate data. Make 
directional hypotheses that specify what 
happens to a dependent variable when an 
independent variable is manipulated. 

Manipulate variables and collect data 
about a complex model of a proposed 
process or system to identify failure points or 
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K-2 3-5 6-8 9-12 

Make predictions based 
on prior experiences. 

which better meets 
criteria for success. 

object, tool, process or system 
under a range of conditions. 

improve performance relative to criteria for 
success or other variables. 

Crosscutting Concepts (CCCs): Stability and Change 

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

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

Some things 
stay the same 
while other 
things change. 

Things may 
change slowly 
or rapidly. 

Stability and 
Change in 3–5 builds 
on K–2 experiences 
and progresses to... 

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

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

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

Explanations of stability and change in natural 
or designed systems can be constructed by 
examining the changes over time and forces 
at different scales, including the atomic scale. 

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

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

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. 

Much of science deals with constructing 
explanations of how things change and 
how they remain stable. 

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

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

Systems can be designed for greater or 
lesser stability. 

 



 

 SC.HSP.5.3.a 132  

 

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 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 12.2.1.a – Communicate ideas and information in a clear and concise manner appropriate to the purpose and audience. 
• LA 12.4.1.b – Analyze, evaluate, and cite multiple sources of information to support ideas or arguments. 

Mathematics Connections: 
• MA 11.4.1.a – Interpret and display data using various visual representations and justify conclusions. 
• MA 11.5.1.b – Apply proportional reasoning and unit conversions in real-world contexts. 

Social Studies Connections: 
• SS HS.4.4.c – Analyze how scientific and technological innovations have affected society, culture, and the environment. 

Connection to other grade level indicators  



 

 SC.HSP.5.3.a 133  

Authentic Connections to Other Content Standards: 
• Next Gen Science 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Solution, Solubility, Titration, Endpoint, Indicator, Le Chatelier’s Principle, Equilibrium, Saturation, Precipitate, Ion, Concentration, 

Molarity, Dilution, pH, Acid, Base, Neutralization, Burette, Titrant, Analyte, Volume, Temperature, Reaction shift, Equilibrium 
constant, Solubility curve, Reversible reaction, System, Change, Stability, Experimental error, Control variable 

Assessment Considerations 

Formative Assessment: 
• Nebraska Formative Task Repository  

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

Knowledge, Skills, and Abilities: 
• KSA1: Describe a solution chemistry phenomenon to be investigated (e.g., titration curve, solubility change, equilibrium shift), 

and explain how it illustrates chemical changes that affect system stability. 
• KSA2: Determine what types of data (e.g., volume, pH, concentration, color change) are needed to detect chemical changes 

or equilibrium shifts in the system. 
• KSA3: Justify how selected evidence will support claims about solution stability and change, referencing chemical principles 

such as acid-base neutralization, precipitation, or equilibrium. 
• KSA4: Identify and classify variables in a solution chemistry investigation (e.g., temperature, concentration, pressure) that could 

influence reaction behavior or equilibrium. 
• KSA5: Design an experimental procedure that allows for observation and measurement of chemical changes or shifts in solution 

stability. 
• KSA6: Select equipment and materials (e.g., burettes, pH probes, indicators) based on their precision and appropriateness for 

detecting solution-phase chemical changes. 
• KSA7: Explain how the choice of reagents, conditions, or indicators supports the ability to observe reversible or irreversible 

chemical processes. 

https://www.nextgenscience.org/resources/bundling-ngss
https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/
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• KSA8: Determine whether the investigation is best conducted individually or collaboratively, and describe how data from 
multiple trials or participants will be synthesized to enhance the reliability of conclusions about chemical stability and change in 
the solution system. 

• KSA9: Conduct the investigation and record quantitative and qualitative data that provide evidence of changes in solution 
chemistry (e.g., pH shift, color change, precipitate formation). 

• KSA10: Organize collected data in formats (e.g., titration curves, solubility graphs) that allow for observation of stability or 
change in the chemical processes under study. 

• KSA11: Evaluate data for accuracy and reproducibility, identify sources of error (e.g., improper endpoint detection), and assess 
whether results reliably reflect the chemical behavior of the system. 

• KSA12: Revise the investigation plan to increase reliability or clarity of evidence (e.g., alternative indicators, repeated trials), and 
explain how proposed changes improve detection of chemical changes. 
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Standard Code: SC.HSP.5.3 Gather, analyze, and communicate evidence of chemical reactions. 

Chemical reactions, including rates of reactions and energy changes, can be understood by students at this level in terms of the 
collisions of molecules and the rearrangements of atoms. 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. Students are able to use the periodic table as a tool to explain and predict the properties of elements. 
Using this expanded knowledge of chemical reactions, students are able to explain important biological and geophysical 
phenomena. 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. Students are 
also able to apply an understanding of the process of optimization in engineering design to chemical reaction systems. 

Indicator Code: SC.HSP.5.3.b 

Use a model to identify electron transfer and balance a redox reaction. Emphasis would be on using the half reaction method for 
balancing equations and understanding electron transfer. Examples include electrochemical cells and electroplating. (This is an upper-
level course indicator. It is not recommended for all students.) 

NGSS Comparison: Builds on HS-PS1-2 (patterns) 

Other Indicators in this Standard 

SC.HSP.5.3.a, SC.HSP.5.3.c, SC.HSP.5.3.d, SC.HSP.5.3.e, SC.HSP.5.3.f 

Concepts and Skills to Master 

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

Developing and Using Models 
• Develop a model based on evidence to illustrate the 

relationships between systems or between components of a 
system. 

Connections to the Nature of Science 

Science Models, Laws, Mechanisms, and Theories Explain Natural 
Phenomena 

• Models, mechanisms, and explanations collectively serve as 
tools in the development of a scientific theory. 

Energy and Matter: 
• The total amount of energy and matter in closed 

systems is conserved. 
• Changes of energy and matter in a system can be 

described in terms of energy and matter flows into, out 
of, and within that system. 

 

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. 

• 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. 

• 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 
• Corrosion (metals, Statue of Liberty) 
• Electroplating (coins, silverware, jewelry, etc.) 
• How does a battery power a phone? → Chemical to electrical energy transfer in a galvanic cell 
• Why does copper coating appear during electroplating? → Transfer of electrons leads to metal ion reduction at cathode 
• How do they make the commemorative gold coins sold on tv worth (and how much are they actually worth)?  

http://www.nap.edu/openbook.php?record_id=13165&page=109
https://thewonderofscience.com/phenomenon/2018/7/8/burning-steel-wool
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• How does a fuel cell produce energy with only water as a byproduct? → Modeling hydrogen oxidation and oxygen reduction 
in energy transfer 

• What happens at the electrodes in a corrosion or electrolysis process? → Identify oxidation and reduction sites and direction 
of electron flow 

Evidence Statements 

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

SC.HSP.5.3.b: Use a model to identify electron transfer and balance a redox reaction. 
1. Using Either a Developed or Given Model 

A. Components of the Model 
• Students define and clearly label all essential components of the redox model, including: 

a) Oxidation and reduction half-reactions 
b) Oxidizing agent and reducing agent 
c) Species gaining and losing electrons 
d) Electrons as discrete entities in the model 

• When appropriate, students describe the boundaries and limitations of the model. 
B. Relationships 

• Students include and describe relationships among model components, including: 
a) Transfer of electrons from the reducing agent to the oxidizing agent 
b) Conservation of mass and charge in the balanced redox equation 
c) Relationship between electron transfer and oxidation states 

C. Connections 
• Students use the model to predict or explain chemical phenomena related to redox reactions, such as: 

a) How a spontaneous redox reaction in a galvanic cell generates electrical energy 
b) How electroplating deposits a metal layer via reduction at an electrode 

2. Developing a Model 
A. Students construct or complete redox models by: 

• Writing oxidation and reduction half-reactions 
• Identifying electron transfer explicitly 
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• Multiplying one or more half reactions by a whole number to conserve the # of electrons transferred by both 
processes 

• Combining the half-reactions to produce a balanced redox equation 
• Showing charge and mass balance 

B. Students annotate or represent the model in a structured format, such as: 
• Labeled half-reaction equations 
• Flow diagrams showing electron movement 
• Diagrams of electrochemical cells with oxidation and reduction sites labeled 

Critical Background Knowledge 

Grade Band Progressions:  

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

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

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

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

Compare models to 
identify common 
features and 

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

Identify limitations of 
models.  

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

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

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

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

Use and/or develop a model of 
simple systems with uncertain and 

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

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

Design a test of a model to ascertain its 
reliability.  

Develop, revise, and/or use a model 
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differences.  

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

Develop a simple 
model based on 
evidence to represent 
a proposed object or 
tool. 

occurring events.  

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

Develop and/or use models 
to describe and/or predict 
phenomena.  

Develop a diagram or 
simple physical prototype to 
convey a proposed object, 
tool, or process.  

Use a model to test cause 
and effect relationships or 
interactions concerning the 
functioning of a natural or 
designed system. 

less predictable factors.  

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

Develop and/or use a model to 
predict and/or describe 
phenomena.  

Develop a model to describe 
unobservable mechanisms.  

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. 

based on evidence to illustrate and/or 
predict the relationships between 
systems or between components of a 
system.  

Develop and/or use multiple types of 
models to provide mechanistic 
accounts and/or predict phenomena 
and move flexibly between model 
types based on merits and limitations.  

Develop a complex model that allows 
for manipulation and testing of a 
proposed process or system.  

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 

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

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

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

experiences 
and 
progresses to... 

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

Matter is made of particles. 

Matter flows and cycles can 
be tracked in terms of the 
weight of the substances 
before and after a process 
occurs. The total weight of 
the substances does not 
change. This is what is meant 
by conservation of matter. 
Matter is transported into, 
out of, and within systems. 

Energy can be transferred in 
various ways and between 
objects. 

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. 

The total amount of energy and matter in closed 
systems is conserved. 

Changes of energy and matter in a system can 
be described in terms of energy and matter flows 
into, out of, and within that system. 

Energy cannot be created or destroyed—only 
moves between one place and another place, 
between objects and/or fields, or between 
systems. 

Energy drives the cycling of matter within and 
between systems. 

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

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 

PS1.B in 3–5 builds on K–2 
experiences and progresses to... 

Chemical reactions that occur 
when substances are mixed can 

PS1.B in 6–8 builds on K–5 
experiences and knowledge 
and progresses to... 

Reacting substances rearrange 

PS1.B in 9–12 builds on K–8 
experiences and knowledge and 
progresses to... 

Chemical processes are understood 
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K-2 3-5 6-8 9-12 

substances cause 
changes that are 
sometimes reversible 
and sometimes not. 

be identified by the emergence 
of substances with different 
properties; the total mass remains 
the same. 

to form different molecules, but 
the number of atoms is 
conserved. Some reactions 
release energy and others 
absorb energy. 

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 12.1.6.i – Construct and/or answer literal, inferential, and critical questions and support answers with explicit evidence from 

the text or additional sources. 
• LA 12.2.1.a – Communicate ideas and information in a clear and concise manner appropriate to the purpose and audience. 

Mathematics Connections: 
• MA 11.5.1.b – Apply proportional reasoning and unit conversions in real-world contexts. 
• MA 11.4.1.a – Interpret and display data using various visual representations and justify conclusions. 

Social Studies Connections: 
• SS HS.4.4.c – Analyze how scientific and technological innovations have affected society, culture, and the environment. 

Fine and Performing Arts Connections: 
• FA 12.2.1.a – Use the elements and principles of design to communicate ideas through artwork. 

• Note: Only applies if students construct particle diagrams to illustrate redox reactions. 

Connection to other grade level indicators  

Authentic Connections to Other Content Standards: 
• Next Gen Science 

Academic Language Development 

https://www.nextgenscience.org/resources/bundling-ngss
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Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Redox, Oxidation, Reduction, Electron transfer, Oxidation number, Oxidizing agent, Reducing agent, Half-reaction, 

Electrochemical cell, Galvanic cell, Electrolytic cell, Anode, Cathode, Electrode, Electrolyte, Salt bridge, Standard reduction 
potential, Electron flow, Energy transfer, Energy conversion, Chemical energy, Electrical energy, Mass conservation, Charge 
conservation, Model, Diagram, Equation, Balanced reaction 

Assessment Considerations 

Formative Assessment: 
• Nebraska Formative Task Repository  

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

Knowledge, Skills, and Abilities: 
• KSA1: Identify the key components of a redox model, including electron donors and acceptors, oxidizing/reducing agents, and 

the transfer of electrons between them. 
• KSA2: Label all species in a redox reaction with their oxidation numbers and indicate how those oxidation states change as a 

result of electron transfer. 
• KSA3: Describe how charge is conserved by matching the number of electrons lost and gained in half-reactions. 
• KSA4: Interpret a given electrochemical model (e.g., galvanic or electrolytic cell) to determine the direction of electron flow 

and energy conversion. 
• KSA5: Explain how energy is transferred in a redox system (e.g., chemical → electrical in a battery, electrical → chemical in 

electroplating) using the model. 
• KSA6: Write oxidation and reduction half-reactions for a given redox system and indicate the movement of electrons explicitly in 

the equations. 
• KSA7: Balance redox reactions using the half-reaction method, ensuring conservation of mass and charge. 
• KSA8: Construct a model of an electrochemical cell that includes electrode labels (anode, cathode), electron flow, ion 

movement, and energy direction. 
• KSA9: Represent a redox reaction with a visual diagram, table, or annotated equation to show the energy transfer and matter 

transformation taking place. 
• KSA10: Use a redox model to make predictions about reaction spontaneity based on relative reactivity or standard reduction 

https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/
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potentials. 
• KSA11: Evaluate the strengths and limitations of a redox model by identifying what it can and cannot represent (e.g., reaction 

kinetics, 3D molecular interactions). 
• KSA12: Revise a redox model to improve its clarity, accuracy, or completeness based on feedback or new evidence (e.g., 

correcting charge imbalance or updating flow direction). 
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Standard Code: SC.HSP.5.3 Gather, analyze, and communicate evidence of chemical reactions. 

Chemical reactions, including rates of reactions and energy changes, can be understood by students at this level in terms of the 
collisions of molecules and the rearrangements of atoms. 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. Students are able to use the periodic table as a tool to explain and predict the properties of elements. 
Using this expanded knowledge of chemical reactions, students are able to explain important biological and geophysical 
phenomena. 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. Students are 
also able to apply an understanding of the process of optimization in engineering design to chemical reaction systems. 

Indicator Code: SC.HSP.5.3.c 

Use mathematical and/or computational representations to predict and explain relationships within chemical systems. Examples 
include stoichiometric calculations, gas stoichiometry, limiting reactant, empirical formula/molecular formula calculations, % 
composition, % yield. (This is an upper-level course indicator. It is not recommended for all students.) 

NGSS Comparison: Builds on HS-PS1-7 

Other Indicators in this Standard 

SC.HSP.5.3.a, SC.HSP.5.3.b, SC.HSP.5.3.d, SC.HSP.5.3.e, SC.HSP.5.3.f 

Concepts and Skills to Master 

Foundation Boxes: 



 

 SC.HSP.5.3.c 145  

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

Using Mathematics and Computational Thinking 
• Use mathematical representations of phenomena to 

support claims.  

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.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. 

• 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. 

• 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 
• Why does baking soda inflate a balloon in vinegar but not in oil? → Limiting reactant, gas stoichiometry 
• Why does burning different masses of fuel release different amounts of CO₂? → Stoichiometry and mass-to-mole-to-mass 

reasoning 
• Why does percent yield in a lab rarely match the theoretical value? → Conservation of mass vs. experimental losses 
• How does a catalytic converter reduce pollution from a car engine? → Mole ratios and percent yield in real-world redox 

reactions 
• Why do cookies taste bad if you don’t follow the recipe? → Pattern of atom ratios and mass relationships 
• Why can I substitute baking powder for baking soda in a baking recipe, but not soda for powder? 

Evidence Statements 

http://www.nap.edu/openbook.php?record_id=13165&page=85


 

 SC.HSP.5.3.c 146  

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

SC.HSP.5.3.c: Use mathematical and/or computational representations to predict and explain relationships within chemical systems. 
1. Representation 

A. Students identify and describe the relevant components in the mathematical representations, including: 
• The known and unknown quantities in the chemical system (e.g., moles, mass, volume, molar mass, molar ratios, 

percent values) 
• The structure of a balanced chemical equation as the foundation for the mathematical relationships 
• When appropriate, the boundaries and assumptions of the model (e.g., ideal gas behavior, complete reaction, 

limiting reactant) 
2. Mathematical Modeling 

A. Students apply mathematical and/or computational techniques to model the relationships within the system. Students: 
• Perform stoichiometric calculations to determine quantities such as: 

a) Moles of reactants or products 
b) Mass relationships using molar mass 
c) Volume of gases using gas laws 

• Use mole ratios and balanced chemical equations to compute limiting reactants, theoretical yields, percent yield, 
and percent error. 

• Calculate empirical and molecular formulas from elemental percent composition or experimental mass data, 
identifying repeating patterns in atomic ratios. 

3. Analysis 
A. Explaining the meaning of the solution in the context of the chemical system, such as: 

• Identifying which reactant limits product formation or whether the reaction achieves expected efficiency 
• Identifying laboratory sources of error that may have led to the percent error calculated 

B. Identifying proportionalities and consistent relationships in the data, such as: 
• Constant mole ratios 
• Direct or inverse relationships (e.g., pressure vs. volume in gas stoichiometry) 
• Patterns in percent composition across compounds 

C. Using the quantitative results to evaluate or refine a scientific explanation or prediction about the chemical behavior of a 
system. 
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Critical Background Knowledge 

Grade Band Progressions:  

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

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

Mathematical 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). 

Describe, measure, 
and/or compare 
quantitative 
attributes of 
different objects 
and display the 

Mathematical 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. 

Organize simple data sets 
to reveal patterns that 
suggest relationships. 

Describe, measure, 
estimate, and/or graph 
quantities (e.g., area, 
volume, weight, time) to 
address scientific and 
engineering questions and 
problems. 

Mathematical 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. 

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

Create algorithms (a series of 
ordered steps) to solve a 
problem. 

Apply mathematical concepts 
and/or processes (e.g., ratio, 
rate, percent, basic operations, 
simple algebra) to scientific and 
engineering questions and 
problems. 

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

Create and/or revise a computational 
model or simulation of a phenomenon, 
designed device, process, or system. 

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

Apply techniques of algebra and functions 
to represent and solve scientific and 
engineering problems. 

Use simple limit cases to test mathematical 
expressions, computer programs, 
algorithms, or simulations of a process or 
system to see if a model “makes sense” by 
comparing the outcomes with what is 
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K-2 3-5 6-8 9-12 

data using simple 
graphs. 

Use quantitative 
data to compare 
two alternative 
solutions to a 
problem. 

Create and/or use graphs 
and/or charts generated 
from simple algorithms to 
compare alternative 
solutions to an engineering 
problem. 

Use digital tools and/or 
mathematical concepts and 
arguments to test and compare 
proposed solutions to an 
engineering design problem. 

known about the real world. 

Apply ratios, rates, percentages, and unit 
conversions in the context of complicated 
measurement problems involving quantities 
with derived or compound units ( 

Crosscutting Concepts (CCCs): Patterns 

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

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

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

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

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

Patterns of change can 
be used to make 

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 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. 

Classifications or explanations used at one scale may 
fail or need revision when information from smaller or 
larger scales is introduced; thus requiring improved 
investigations and experiments. 

Patterns of performance of designed systems can be 
analyzed and interpreted to reengineer and improve 
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K-2 3-5 6-8 9-12 

predictions. 

Patterns can be used as 
evidence to support an 
explanation. 

Patterns can be used to 
identify cause and effect 
relationships. 

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

the system. 

Mathematical representations are needed to identify 
some patterns. 

Empirical evidence is needed to identify patterns. 

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 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 12.2.1.a – Communicate ideas and information in a clear and concise manner appropriate to the purpose and audience. 
• LA 12.4.1.b – Analyze, evaluate, and cite multiple sources of information to support ideas or arguments. 
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Mathematics Connections: 
• MA 11.2.1.a – Use algebraic reasoning to represent and solve problems involving mathematical situations and structures. 
• MA 11.4.1.a – Interpret and display data using various visual representations and justify conclusions. 
• MA 11.5.1.b – Apply proportional reasoning and unit conversions in real-world contexts. 

Social Studies Connections: 
• SS HS.4.4.c – Analyze how scientific and technological innovations have affected society, culture, and the environment. 

Connection to other grade level indicators  

Authentic Connections to Other Content Standards: 
• Next Gen Science 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Mole, Molar mass, Stoichiometry, Balanced equation, Reactant, Product, Limiting reactant, Excess reactant, Percent yield, 

Theoretical yield, Actual yield, Empirical formula, Molecular formula, Percent composition, Gas stoichiometry, Ideal gas law, 
PV=nRT, Molar volume, Mole ratio, Conservation of mass, Reactivity, Pattern, Law of constant composition, Atom economy, 
Theoretical calculation, Quantitative data 

Assessment Considerations 

Formative Assessment: 
• Nebraska Formative Task Repository  

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

Knowledge, Skills, and Abilities: 
• KSA1: Identify relevant quantities (mass, moles, molar mass, volume, percent composition) and clearly define knowns and 

unknowns in a chemical system. 
• KSA2: Describe how the structure of a balanced chemical equation determines proportional relationships between substances 

in a chemical reaction. 

https://www.nextgenscience.org/resources/bundling-ngss
https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/
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• KSA3: Determine which mathematical model or equation is appropriate (e.g., stoichiometry, PV=nRT, % yield) based on the 
problem context and type of chemical reaction. 

• KSA4: Calculate the mass, moles, or volume of reactants or products using molar relationships and balanced equations. 
• KSA5: Perform limiting reactant calculations and use them to determine theoretical yield and identify excess reactants. 
• KSA6: Compute percent yield and evaluate how it reflects reaction efficiency and patterns in product formation. 
• KSA7: Determine empirical and molecular formulas from percent composition or mass data, and identify repeating atomic 

ratios. 
• KSA8: Solve gas stoichiometry problems using molar volume, the ideal gas law, or Dalton’s law to relate reactants and products 

in gaseous systems. 
• KSA9: Interpret mathematical results to explain patterns in chemical reactivity, conservation of mass, and atom economy. 
• KSA10: Recognize consistent numerical patterns across calculations (e.g., mole ratios, fixed percent composition for a 

compound). 
• KSA11: Use deviations in calculated percent yield or empirical formula to explain experimental error, incomplete reactions, or 

unexpected product formation. 
• KSA12: Refine or justify a scientific explanation about chemical transformations using data and calculations that reveal 

consistent quantitative relationships.
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Standard Code: SC.HSP.5.3 Gather, analyze, and communicate evidence of chemical reactions. 

Chemical reactions, including rates of reactions and energy changes, can be understood by students at this level in terms of the 
collisions of molecules and the rearrangements of atoms. 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. Students are able to use the periodic table as a tool to explain and predict the properties of elements. 
Using this expanded knowledge of chemical reactions, students are able to explain important biological and geophysical 
phenomena. 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. Students are 
also able to apply an understanding of the process of optimization in engineering design to chemical reaction systems. 

Indicator Code: SC.HSP.5.3.d 

Use mathematical representations to analyze the proportion and quantity of particles in solution. Emphasis is on molarity and 
developing net ionic equations. (This is an upper-level course indicator. It is not recommended for all students.) 

NGSS Comparison: Unknown 

Other Indicators in this Standard 

SC.HSP.5.3.a, SC.HSP.5.3.b, SC.HSP.5.3.c, SC.HSP.5.3.e, SC.HSP.5.3.f 

Concepts and Skills to Master 

Foundation Boxes: 

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

Using Mathematics and Computational Thinking Scale, Proportion & Quantity 
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 
• Use mathematical representations of phenomena to 

support claims. 
• The significance of a phenomenon is dependent on the 

scale, proportion, and quantity at which it occurs. 

 

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. 

• 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. 

• 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 
• Water quality analysis/removing contaminants from water using gravimetric analysis 
• Concentration of different mixtures of powdered drink’s 
• Beer’s law analysis of colored dyes 
• Why does saltwater conduct electricity but sugar water does not? → Particle concentration, ion presence, molarity 
• Why does a white solid form when you mix two clear solutions? → Net ionic equation, precipitation reaction, molar quantities 
• How much acid is needed to neutralize a base? → Molarity, volume, and stoichiometric ratios of reacting species 
• Why can small amounts of some substances cause big changes in a solution? → High molarity, ion dissociation, scale of 

concentration 
• What’s the fewest number of particles needed to observe a color change or precipitate? → Threshold concentrations, 

proportion of reactants 

Evidence Statements 

What does it look like to demonstrate proficiency on this indicator? 
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SC.HSP.5.4.d: Use mathematical representations to analyze the proportion and quantity of particles in solution. 
1. Representation 

A. Students identify and describe the relevant components in the mathematical representation of particles in solution, 
including: 

• Moles, volume, and molarity (mol/L) 
• Ionic species present in solution 
• Quantities of individual ions and neutral molecules based on dissociation 
• Assumptions such as complete dissociation for strong electrolytes 
• Solute(s), solvent, solution 

2. Mathematical Modeling 
A. Students apply mathematical techniques to calculate proportions and quantities in solution by: 

• Using the molarity formula (M = mol/L) to:  
a) Determine the number of moles in a given volume 
b) Calculate the volume required to deliver a specific amount of solute 

• Computing the total number of moles of each ion present in solution based on dissociation patterns and solution 
concentration. 

• Using proportional reasoning to compare concentrations and quantities across different solutions 
a) Example: Predicting ion concentration after dilution or mixing solutions 

3. Analysis 
A. Students interpret the results of their mathematical models by: 

• Explaining how the amount of each species (ionic or molecular) relates to the observed behavior of the system (e.g., 
conductivity, precipitation, color change). 

• Constructing balanced net ionic equations from dissociation-based reasoning. (e.g., canceling spectator ions and 
identifying the reaction at the particle level.) 

• Using calculations and chemical reasoning to determine: 
a) Whether a precipitate forms or how much of a species is produced or consumed. 
b) The amount of solute necessary to make a solution of a desired concentration and volume. 
c) The volume of stock (concentrated) solution needed to make a more dilute concentration of a desired 
concentration and volume. 

• Modeling solutions at particulate scale, showing appropriate ratios of solute for solutions of various concentrations and 
volumes. 
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Critical Background Knowledge 

Grade Band Progressions:  

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

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

Mathematical 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). 

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

Use quantitative data 

Mathematical 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. 

Organize simple data sets 
to reveal patterns that 
suggest relationships. 

Describe, measure, 
estimate, and/or graph 
quantities (e.g., area, 
volume, weight, time) to 
address scientific and 
engineering questions and 
problems. 

Mathematical 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. 

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

Create algorithms (a series of 
ordered steps) to solve a 
problem. 

Apply mathematical concepts 
and/or processes (e.g., ratio, 
rate, percent, basic operations, 
simple algebra) to scientific and 
engineering questions and 

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

Create and/or revise a computational 
model or simulation of a phenomenon, 
designed device, process, or system. 

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

Apply techniques of algebra and 
functions to represent and solve scientific 
and engineering problems. 

Use simple limit cases to test 
mathematical expressions, computer 
programs, algorithms, or simulations of a 
process or system to see if a model 
“makes sense” by comparing the 
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K-2 3-5 6-8 9-12 

to compare two 
alternative solutions to 
a problem. 

Create and/or use graphs 
and/or charts generated 
from simple algorithms to 
compare alternative 
solutions to an engineering 
problem. 

problems. 

Use digital tools and/or 
mathematical concepts and 
arguments to test and compare 
proposed solutions to an 
engineering design problem. 

outcomes with what is known about the 
real world. 

Apply ratios, rates, percentages, and unit 
conversions in the context of complicated 
measurement problems involving 
quantities with derived or compound units 

Crosscutting Concepts (CCCs): Scale, Proportion & Quantity 

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

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

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

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

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

Standard units are 

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

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

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

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

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

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

Some systems can only be studied indirectly as 
they are too small, too large, too fast, or too 
slow to observe directly. 

Patterns observable at one scale may not be 
observable or exist at other scales. 

Using the concept of orders of magnitude 
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K-2 3-5 6-8 9-12 

colder; faster 
and slower). 

Standard units 
are used to 
measure 
length. 

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

of properties and processes.  

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

Phenomena that can be observed at one 
scale may not be observable at another 
scale. 

allows one to understand how a model at one 
scale relates to a model at another scale. 

Algebraic thinking is used to examine scientific 
data and predict the effect of a change in 
one variable on another (e.g., linear growth vs. 
exponential growth). 

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 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 12.2.1.a – Communicate ideas and information in a clear and concise manner appropriate to the purpose and audience. 
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• LA 12.4.1.b – Analyze, evaluate, and cite multiple sources of information to support ideas or arguments. 

Mathematics Connections: 
• MA 11.5.1.b – Apply proportional reasoning and unit conversions in real-world contexts. 
• MA 11.2.1.a – Use algebraic reasoning to represent and solve problems involving mathematical situations and structures. 
• MA 11.4.1.a – Interpret and display data using various visual representations and justify conclusions. 

Social Studies Connections: 
• SS HS.4.4.c – Analyze how scientific and technological innovations have affected society, culture, and the environment. 

Fine and Performing Arts Connections: 
• FA 12.2.1.a – Use the elements and principles of design to communicate ideas through artwork. 

Connection to other grade level indicators  

Authentic Connections to Other Content Standards: 
• Next Gen Science 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Molarity, Concentration, Moles, Volume, Dilution, Ionic compound, Dissociation, Ion, Net ionic equation, Spectator ion, 

Precipitate, Strong electrolyte, Weak electrolyte, Solution, Solute, Solvent, Reaction stoichiometry, Ratio, Quantity, Scale, 
Proportion, PV=nRT, Particle model, Molecular equation 

Assessment Considerations 

Formative Assessment: 
• Nebraska Formative Task Repository  

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

Knowledge, Skills, and Abilities: 
• KSA1: Identify relevant quantities in a solution system (e.g., moles, volume, concentration) and clearly define knowns and 

https://www.nextgenscience.org/resources/bundling-ngss
https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/
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unknowns for a molarity or ionic species calculation. 
• KSA2: Explain how molarity represents a ratio of particles to volume, and how it scales to different solution amounts. 
• KSA3: Describe assumptions involved in the model (e.g., full dissociation of strong electrolytes or 1:1 mole ratios) and limitations of 

using molarity alone. 
• KSA4: Use the molarity formula (M = mol/L) to calculate unknown values, such as moles of solute or volume of solution required. 
• KSA5: Determine the number of moles of each ion in solution based on stoichiometry of dissociation. 
• KSA6: Perform dilution calculations to determine how the concentration of solutes changes with added solvent. 
• KSA7: Compare ion concentrations in different solutions using ratios, proportions, or unit analysis. 
• KSA8: Calculate the total number of ions or moles of solute in multi-solution systems (e.g., mixing two ionic solutions) to determine 

net concentration or excess. 
• KSA9: Use proportional reasoning to determine whether a precipitate will form based on the ion concentrations present. 
• KSA10: Construct net ionic equations by identifying reacting ions and removing spectator ions based on stoichiometric 

reasoning. 
• KSA11: Interpret how ionic quantities affect observable macroscopic properties (e.g., conductivity, color intensity, solubility). 
• KSA12: Evaluate a model or calculation by assessing whether the resulting proportions and quantities make sense in the context 

of the chemical system (e.g., neutralization, precipitation, saturation). 
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Standard Code: SC.HSP.5.3 Gather, analyze, and communicate evidence of chemical reactions. 

Chemical reactions, including rates of reactions and energy changes, can be understood by students at this level in terms of the 
collisions of molecules and the rearrangements of atoms. 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. Students are able to use the periodic table as a tool to explain and predict the properties of elements. 
Using this expanded knowledge of chemical reactions, students are able to explain important biological and geophysical 
phenomena. 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. Students are 
also able to apply an understanding of the process of optimization in engineering design to chemical reaction systems. 

Indicator Code: SC.HSP.5.3.e 

Plan and conduct an investigation to predict the outcome of a chemical reaction based on patterns of chemical properties. Examples 
of reaction types could include single replacement, double replacement, etc. Examples of patterns could include the use of solubility 
rules, activity series. (This is an upper-level course indicator. It is not recommended for all students.) 

NGSS Comparison: Builds on HS-PS1-2 

Other Indicators in this Standard 

SC.HSP.5.3.a, SC.HSP.5.3.b, SC.HSP.5.3.c, SC.HSP.5.3.d, SC.HSP.5.3.f 

Concepts and Skills to Master 

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

Planning and Carrying Out Investigations 
• 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. 

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.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. 

• 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. 

• 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 
• Why does zinc react with hydrochloric acid but copper doesn’t? → Activity series pattern of metal reactivity 
• Why do some combinations of solutions form solids and others don’t? → Precipitation reactions and solubility rules 
• Why do acid-base reactions sometimes cause temperature changes? → Exothermic patterns in neutralization 
• Can we predict which metals will corrode based on other reactions? → Metal reactivity patterns 
• What visible evidence tells us a chemical reaction has occurred? → Observable data aligned with known chemical patterns 

Evidence Statements 

http://www.nap.edu/openbook.php?record_id=13165&page=109
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What does it look like to demonstrate proficiency on this indicator? 

SC.HSP.5.3.e: Plan and conduct an investigation to predict the outcome of a chemical reaction based on patterns of chemical 
properties.  
1. Identifying the Phenomenon to Be Investigated 

A. Students describe the phenomenon or question under investigation, which includes the following idea: chemical 
reactions follow identifiable patterns based on properties such as reactivity or solubility, which can be used to predict reaction 
outcomes. 

• Examples: Will a precipitate form? Will a more reactive metal displace another? 
2. Identifying the Evidence to Answer This Question 

A. Students develop a plan for the investigation that describes the evidence to be collected, such as: 
• Observation of precipitate formation, gas production, color change, or temperature change 
• Comparison of reactivity between elements using the activity series 
• Application of solubility rules to predict product formation 

B. Students describe how the evidence will be used to evaluate whether a reaction occurred and whether the products 
match predictions based on chemical patterns. 

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

• Identify the variables to be manipulated (e.g., reactant combinations, solution concentrations) and controlled (e.g., 
temperature, volume) 

• Select materials and equipment (e.g., well plates, pipettes, test tubes) based on the expected evidence 
• Model the experimental setup 
• Design a procedure that includes repetition or multiple trials to support pattern recognition 

B. Students specify whether the investigation will be conducted individually or collaboratively and how data will be shared, 
compared, or validated. 

4. Collecting the Data 
A. Students conduct the investigation, collecting both qualitative (e.g., precipitate, color change) and quantitative (e.g., 
temperature, pH) data that could indicate the type and outcome of a chemical reaction. 
B. Students record data in an organized format (e.g., tables, diagrams, charts), allowing comparison across trials or 
conditions to reveal consistent patterns. 

5. Refining the Design 
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A. Students evaluate the accuracy and consistency of their data and assess whether observed outcomes align with 
predicted patterns of reactivity or solubility. 
B. If necessary, students revise their experimental plan to reduce uncertainty or explore new patterns (e.g., testing more 
metals, modifying concentrations). 

Critical Background Knowledge 

Grade Band Progressions:  

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

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

Planning and carrying out 
investigations in K–2 builds 
on prior experiences and 
progresses to... 

With guidance, plan and 
conduct an investigation 
in collaboration with peers 
(for K). 

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

Evaluate different ways of 
observing and/or 

Planning and carrying 
out investigations in 3–5 
builds on K–2 
experiences and 
progresses to... 

Plan and conduct an 
investigation 
collaboratively to 
produce data to serve 
as the basis for 
evidence, using fair 
tests in which variables 
are controlled and the 
number of trials 
considered. 

Evaluate appropriate 

Planning and carrying out 
investigations in 6–8 builds on 
K–5 experiences and 
progresses to... 

Plan an investigation 
individually and 
collaboratively, and in the 
design: identify independent 
and dependent variables and 
controls, what tools are 
needed to do the gathering, 
how measurements will be 
recorded, and how many 
data are needed to support a 
claim. 

Conduct an investigation 

Planning and carrying out investigations in 
9-12 builds on K–8 experiences and 
progresses to college or career 
experiences. 

Plan an investigation or test a design 
individually and collaboratively to produce 
data to serve as the basis for evidence as 
part of building and revising models, 
supporting explanations for phenomena, or 
testing solutions to problems. Consider 
possible confounding variables or effects 
and evaluate the investigation’s design to 
ensure variables are controlled. 

Plan and conduct an investigation 
individually and collaboratively to produce 
data to serve as the basis for evidence, and 
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K-2 3-5 6-8 9-12 

measuring a phenomenon 
to determine which way 
can answer a question. 

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

Make observations 
(firsthand or from media) 
and/or measurements of 
a proposed object or tool 
or solution to determine if 
it solves a problem or 
meets a goal. 

Make predictions based 
on prior experiences. 

methods and/or tools 
for collecting data. 

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. 

Make predictions about 
what would happen if a 
variable changes. 

Test two different 
models of the same 
proposed object, tool, 
or process to determine 
which better meets 
criteria for success. 

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. 

Evaluate the accuracy of 
various methods for collecting 
data. 

Collect data to produce data 
to serve as the basis for 
evidence to answer scientific 
questions or test design 
solutions under a range of 
conditions. 

Collect data about the 
performance of a proposed 
object, tool, process or system 
under a range of conditions. 

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. 

Plan and conduct an investigation or test a 
design solution in a safe and ethical 
manner including considerations of 
environmental, social, and personal 
impacts. 

Select appropriate tools to collect, record, 
analyze, and evaluate data. Make 
directional hypotheses that specify what 
happens to a dependent variable when an 
independent variable is manipulated. 

Manipulate variables and collect data 
about a complex model of a proposed 
process or system to identify failure points or 
improve performance relative to criteria for 
success or other variables. 
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Crosscutting Concepts (CCCs): Patterns 

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

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

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

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

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

Patterns of change can be 
used to make predictions. 

Patterns can be used as 
evidence to support an 
explanation. 

Patterns in 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. 

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

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

Different patterns may be observed at each of the 
scales at which a system is studied and can 
provide evidence for causality in explanations of 
phenomena. 

Classifications or explanations used at one scale 
may fail or need revision when information from 
smaller or larger scales is introduced; thus requiring 
improved investigations and experiments. 

Patterns of performance of designed systems can 
be analyzed and interpreted to reengineer and 
improve the system. 

Mathematical representations are needed to 
identify some patterns. 

Empirical evidence is needed to identify patterns. 
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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... 

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 12.2.1.a – Communicate ideas and information in a clear and concise manner appropriate to the purpose and audience. 
• LA 12.4.1.b – Analyze, evaluate, and cite multiple sources of information to support ideas or arguments. 

Mathematics Connections: 
• MA 11.5.1.b – Apply proportional reasoning and unit conversions in real-world contexts. 
• MA 11.4.1.a – Interpret and display data using various visual representations and justify conclusions. 

Social Studies Connections: 
• SS HS.4.4.c – Analyze how scientific and technological innovations have affected society, culture, and the environment. 

Fine and Performing Arts Connections: 
• FA 12.2.1.a – Use the elements and principles of design to communicate ideas through artwork. 
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Connection to other grade level indicators  

Authentic Connections to Other Content Standards: 
• Next Gen Science 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Chemical reaction, Reactivity, Single replacement, Double replacement, Activity series, Solubility rules, Precipitate, Gas 

evolution, Color change, pH, Temperature change, Product, Reactant, Control variable, Independent variable, Observable 
pattern, Reaction type, Conductivity, Aqueous, Ion exchange, Chemical equation, Investigation 

Assessment Considerations 

Formative Assessment: 
• Nebraska Formative Task Repository  

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

Knowledge, Skills, and Abilities: 
• KSA1: Describe the chemical question under investigation and explain how observable outcomes (e.g., precipitate, color 

change) relate to known reaction patterns. 
• KSA2: Plan what evidence will indicate whether a reaction occurs, based on chemical properties (e.g., reactivity of metals, 

solubility of products). 
• KSA3: Explain how data from the investigation (e.g., precipitate formation, gas release) will support or refute predictions made 

from reactivity or solubility patterns. 
• KSA4: Identify appropriate independent and controlled variables (e.g., metal type, concentration) and predict how changes 

will affect the outcome. 
• KSA5: Design an experimental procedure to test at least one type of chemical reaction (e.g., single or double replacement), 

using multiple combinations to identify patterns. 
• KSA6: Select appropriate materials and justify their use based on expected outcomes (e.g., use of well plates for observing 

precipitate patterns). 

https://www.nextgenscience.org/resources/bundling-ngss
https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/
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• KSA7: Construct a model of the experimental setup that demonstrates how materials and equipment will be used and label all 
components. 

• KSA8: Observe and record qualitative data (e.g., precipitate, bubbling) and quantitative data (e.g., temperature, pH) that 
indicate chemical change. 

• KSA9: Organize data into structured tables or visuals that allow clear comparison across reactions to reveal patterns in chemical 
behavior. 

• KSA10: Evaluate the consistency and accuracy of the data and compare observed results to predicted patterns based on 
solubility rules or the activity series. 

• KSA11: Assess whether additional trials, reagents, or controls are needed to confirm observed patterns or clarify ambiguous 
results. 

• KSA12: Revise the procedure or data collection method to improve the ability to detect consistent chemical behavior or 
unexpected reactivity. 
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Standard Code: SC.HSP.5.3 Gather, analyze, and communicate evidence of chemical reactions. 

Chemical reactions, including rates of reactions and energy changes, can be understood by students at this level in terms of the 
collisions of molecules and the rearrangements of atoms. 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. Students are able to use the periodic table as a tool to explain and predict the properties of elements. 
Using this expanded knowledge of chemical reactions, students are able to explain important biological and geophysical 
phenomena. 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. Students are 
also able to apply an understanding of the process of optimization in engineering design to chemical reaction systems.  

Indicator Code: SC.HSP.5.3.f 

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.  

NGSS Comparison: Builds on HS-PS1-2 

Other Indicators in this Standard 

SC.HSP.5.3.a, SC.HSP.5.3.b, SC.HSP.5.3.c, SC.HSP.5.3.d, SC.HSP.5.3.e 

Concepts and Skills to Master 

Foundation Boxes: 

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

Constructing Explanations and Designing Solutions Patterns 
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Science and Engineering Practice (SEP) Crosscutting Concept (CCC) 
• Apply scientific principles and evidence to provide an 

explanation of phenomena and solve design problems, 
taking into account possible unanticipated effects. 

• 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. 

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. 
• 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. 
• The structure and interactions of matter at the bulk scale are determined by electrical forces within and between atoms. 
• 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. 

Secondary - 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. 

• 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. 

• 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.  
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Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Metals added to acid produce hydrogen gas 
• 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 

solution appears to be a lighter blue color 
• Burning natural gas in a furnace, octane gas in cars, and firewood all create the products of carbon dioxide and water 
• Two clear colorless solutions are mixed together and a white solid appears, but other times when two clear colorless solutions 

are mixed they remain clear and colorless 
• When a shiny ribbon of magnesium metal is burned it produces a white powder product 
• Why does sodium react explosively with water while magnesium does not? → Patterns in group reactivity, valence electrons, 

reaction type 
• Why does fluorine always form one bond and oxygen forms two? → Electron configuration, bonding patterns, periodic position 
• Why does a compound like NaCl form from Na and Cl, but not from Ne and Na? → Valence electrons, reactivity patterns, 

noble gas stability 
• Why do Group 1 metals form +1 ions and Group 17 nonmetals form -1 ions? → Outer electron states and periodic group trends 
• Why does lithium form a solid ionic compound while carbon forms covalent molecules? → Bonding patterns, electron states, 

and periodic placement 

Evidence Statements 

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

SC.HSP.5.3.f: 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 for the outcome of a given chemical reaction, including the following elements: 
• The principle of conservation of mass, as shown by the same number and type of atoms in the reactants and products 
• The type and number of bonds (e.g., ionic or covalent) formed, based on the outermost (valence) electron states of 

the reacting atoms 
• The outer electron configuration of each element, inferred from its position in the periodic table, including group and 

period trends 
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• Patterns of chemical reactivity derived from electron configuration and periodic groupings (e.g., alkali metals are 
highly reactive, halogens form -1 anions) 

• The type of reaction (e.g., synthesis, combustion, replacement), predicted based on periodic trends and bonding 
behavior 

2. Evidence 
A. Students identify and describe appropriate and sufficient evidence to support the explanation, including: 

• The chemical formulas and structures of both reactants and products, with attention to atomic composition and 
bonding 

• Conservation of atoms, shown by the same number and types of atoms on both sides of the reaction 
• The valence electron configurations of all elements involved, inferred from their position in the periodic table 
• The types of bonds present in both reactants and products and the number of electrons transferred or shared 
• Patterns of reactivity across a group or period (e.g., reactivity increases down Group 1, decreases across Period 3) 

3. Reasoning 
A. Students provide reasoning that connects the evidence to the outcome of the reaction by: 

• Applying the outermost electron states and electronegativity trends to predict how elements will bond and what 
types of compounds will form 

• Describing how patterns in the periodic table allow for the prediction of bond type, ion charge, and reaction 
likelihood 

• Using conservation laws and scientific models to explain why these predictions are valid, based on patterns observed 
across many reactions 

4. Revising the Explanation 
A. Given new data, unexpected reaction outcomes, or alternate predictions, students revise or expand their explanation to 
incorporate the updated evidence and justify the change using periodic trends and outer electron configurations. 

Critical Background Knowledge 

Grade Band Progressions:  

Science and Engineering Practices (SEPs): Constructing Explanations and Designing Solutions 
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K-2 3-5 6-8 9-12 

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

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 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.  

Identify the evidence 
that supports 
particular points in an 
explanation.  

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

Construct an explanation that includes 
qualitative or quantitative relationships 
between variables that predict(s) and/or 
describe(s) phenomena.  

Construct an explanation using models 
or representations.  

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

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

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

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

Make a quantitative and/or qualitative 
claim regarding the relationship between 
dependent and independent variables.  

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 ideas, principles, and/or 
evidence to provide an explanation of 
phenomena and solve design problems, 
taking into account possible unanticipated 
effects.  

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. 
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Crosscutting Concepts (CCCs): Patterns 

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

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

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

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

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

Patterns of change can 
be used to make 
predictions. 

Patterns can be used as 
evidence to support an 
explanation. 

Patterns in 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. 

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

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

Different patterns may be observed at each of the 
scales at which a system is studied and can 
provide evidence for causality in explanations of 
phenomena. 

Classifications or explanations used at one scale 
may fail or need revision when information from 
smaller or larger scales is introduced; thus requiring 
improved investigations and experiments. 

Patterns of performance of designed systems can 
be analyzed and interpreted to reengineer and 
improve the system. 

Mathematical representations are needed to 
identify some patterns. 

Empirical evidence is needed to identify patterns. 

Disciplinary Core Ideas (DCIs): PS1.A Structure and Properties of Matter 
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K-2 3-5 6-8 9-12 

PS1.A in K–2 builds on 
prior experiences and 
progresses to... 

Matter can be 
described and 
classified by its 
observable properties. 
Different properties are 
suited to different 
purposes. A great 
variety of objects can 
be built up from a 
small set of pieces. 

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

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 12.2.1.a – Communicate ideas and information in a clear and concise manner appropriate to the purpose and audience. 
• LA 12.4.1.b – Analyze, evaluate, and cite multiple sources of information to support ideas or arguments. 

Mathematics Connections: 
• MA 11.5.1.b – Apply proportional reasoning and unit conversions in real-world contexts. 
• MA 11.2.1.a – Use algebraic reasoning to represent and solve problems involving mathematical situations and structures. 

Social Studies Connections: 
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• SS HS.4.4.c – Analyze how scientific and technological innovations have affected society, culture, and the environment. 

Fine and Performing Arts Connections: 
• FA 12.2.1.a – Use the elements and principles of design to communicate ideas through artwork. 

Connection to Other Grade Level Indicators 

Authentic Connections to Other Content Standards: 
• Next Gen Science 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Chemical reaction, Valence electron, Electron configuration, Periodic table, Periodic trends, Group, Period, Atomic radius, 

Electronegativity, Ionization energy, Reactivity, Bond, Ionic bond, Covalent bond, Oxidation state, Product, Reactant, Pattern, 
Reaction type, Electron transfer, Subshell, Orbital diagram, Periodicity, Stability, Conservation of mass 

Assessment Considerations 

Formative Assessment: 
• Nebraska Formative Task Repository  

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

Knowledge, Skills, and Abilities: 
• KSA1: Construct an explanation for a chemical reaction using the concept that atoms are conserved and that reactants 

rearrange to form new products. 
• KSA2: Describe the outermost (valence) electron states of atoms involved in the reaction and explain how they influence 

reactivity and bond formation. 
• KSA3: Explain how the type of bond formed (ionic or covalent) is predicted from the positions of elements in the periodic table. 
• KSA4: Use patterns in chemical properties (e.g., reactivity within a group) to predict the type of reaction that will occur. 
• KSA5: Identify and cite relevant evidence such as chemical formulas, atom counts, and product formation to support an 

explanation. 

https://www.nextgenscience.org/resources/bundling-ngss
https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/


 

 SC.HSP.5.3.f 177  

• KSA6: Describe how periodic table patterns (e.g., group and period trends) explain the observed reactivity of specific elements. 
• KSA7: Include evidence of bonding patterns (e.g., how many electrons are transferred or shared) to justify the prediction of 

products. 
• KSA8: Apply logical reasoning to connect valence electron configurations and electronegativity to the formation of bonds and 

the resulting products. 
• KSA9: Explain how periodicity and observed macroscopic reaction patterns (e.g., vigorous reactions of alkali metals) are rooted 

in atomic-level structure. 
• KSA10: Construct a causal argument using trends (e.g., reactivity, bond type, charge) to explain why a reaction occurred the 

way it did. 
• KSA11: Revise an explanation based on new information (e.g., unexpected product, corrected oxidation states), maintaining 

internal consistency with atomic theory and periodic trends. 
• KSA12: Justify revisions to a chemical explanation by citing changes in valence configuration, periodic position, or updated 

bonding evidence. 
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