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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 
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 
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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. 



    8 

 

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 

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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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).  

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 

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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provide evidence of what they can know and can do related to that standard. 

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.  
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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 and provides 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 
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Each standard requires all of the indicators to provide the full understanding of the concept knowledge, skills, and lenses needed to 
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. 
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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. 

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. 

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. 
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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 (frontloading) 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 
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to frontload vocabulary prior to instruction. The teacher should introduce these words only after students have first experienced the 
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 aide 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 

https://stemteachingtools.org/brief/48
https://stemteachingtools.org/brief/41


    18 

eighth grade found in the “Resources” tab, then select “SIPS Resources.”  

Knowledge, Skills, and Abilities: 

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 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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Grade 4 Teacher’s Guide to the Nebraska CCR-Science Standards 

The grade 4 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: 

What are waves and what are some of the things they can do? 
Students are able to use a model of waves to describe patterns of waves in terms of amplitude and wavelength, and that waves can 
cause objects to move.  

What is energy and how is it related to motion? 
Students are able to use evidence to construct an explanation of the relationship between the speed of an object and the energy of 
that object.  

How is energy transferred? 
Students are expected to develop an understanding that energy can be transferred from place to place by sound, light, heat, and 
electrical currents or from object to object through collisions.   

How can energy be used to solve a problem? 
They apply their understanding of energy to design, test, and refine a device that converts energy from one form to another.  

How do internal and external structures support the survival, growth, behavior, and reproduction of plants and animals? 
Students are expected to develop an understanding that plants and animals have internal and external structures that function to 
support survival, growth, behavior, and reproduction. By developing a model, students describe that an object can be seen when light 
reflected from its surface enters the eye. 

How can water, ice, wind and vegetation change the land?  
Students are expected to develop understanding of the effects of weathering or the rate of erosion by water, ice, wind or vegetation. 
They apply their knowledge of natural Earth processes to generate and compare multiple solutions to reduce the impacts of such 
processes on humans. 

What patterns of Earth’s features can be determined with the use of maps? 
In order to describe patterns of Earth’s features, students analyze and interpret data from maps. 
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Topic: SC.4.2 Energy: Waves and Information 
Standard: SC.4.2.1 Gather, analyze, and communicate evidence of waves and the information they 
transfer.  

Waves are regular patterns of motion that transfer energy and have properties such as amplitude (maximum distance of the wave 
crest from equilibrium) and wavelength (spacing between wave peaks). Waves in water can be directly observed. Light waves cause 
objects to be seen when light reflected from objects enters the eye. Humans use waves and other patterns to transfer information. 

Indicator Code: SC.4.2.1.a  

Develop a model of waves to describe patterns in terms of amplitude and wavelength and that waves can cause objects to move. 
Assessment does not include interference effects, electromagnetic waves, non-periodic waves, or quantitative models of amplitude 
and wavelength. 

NGSS Comparison: 4-PS4-1 

Other Indicators in this Standard 

SC.4.2.1.b 

Concepts and Skills to Master 

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

Developing and Using Models 
• Modeling in 3–5 builds on K–2 experiences and progresses 

to building and revising simple models and using models to 
represent events and design solutions.  

Connections to the Nature of Science 

Scientific Knowledge is Based on Empirical Evidence 
• Science findings are based on recognizing patterns.  

Patterns 
• Similarities and differences in patterns can be used to sort 

and classify natural phenomena 

 

Disciplinary Core Idea (DCI) 

PS4.A:  Wave Properties  
• Waves, which are regular patterns of motion, can be made in water by disturbing the surface. When waves move across the 

surface of deep water, the water goes up and down in place; there is no net motion in the direction of the wave except 
when the water meets a beach. (Note: This grade band endpoint was moved from K–2). 

• Waves of the same type can differ in amplitude (height of the wave) and wavelength (spacing between wave peaks). 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Tsunami wave 
• The “wave” at sporting events 
• Sound levitation - Levitating Objects Using Sound! - Quick Bytes (youtube.com) 

Evidence Statements 

What does it look like to demonstrate proficiency on this indicator? 
4.2.1.a   Develop a model of waves to describe patterns in terms of amplitude and wavelength and that waves can cause objects to 
move. 
1. Components of the model 

https://www.nap.edu/read/13165/chapter/9?term=PS4.A#131
https://www.youtube.com/watch?v=utirO55hKY4
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A. Students develop a model (e.g., diagrams, analogies, examples, abstract representations, physical models) to make 
sense of a phenomenon that involves wave behavior. In the model, students identify the relevant components, including: 
• Waves. 
• Wave amplitude. 
• Wavelength. 
• Motion of objects. 

2. Relationships 
A. Students identify and describe* the relevant relationships between components of the model, including: 

• Waves can be described* in terms of patterns of repeating amplitude and wavelength (e.g., in a water wave there is 
a repeating pattern of water being higher and then lower than the baseline level of the water). 

• Waves can cause an object to move. 
• The motion of objects varies with the amplitude and wavelength of the wave carrying it. 

3. Connections 
A. Students use the model to describe*: 

• The patterns in the relationships between a wave passing, the net motion of the wave, and the motion of an object 
caused by the wave as it passes.  

• How waves may be initiated (e.g., by disturbing surface water or shaking a rope or spring). 
• The repeating pattern produced as a wave is propagated. 

B. Students use the model to describe* that waves of the same type can vary in terms of amplitude and wavelength and 
describe* how this might affect the motion, caused by a wave, of an object.  

C. Students identify similarities and differences in patterns underlying waves and use these patterns to describe* simple 
relationships involving wave amplitude, wavelength, and the motion of an object (e.g., when the amplitude increases, 
the object moves more). 

Critical Background Knowledge 

Grade Band Progressions:  

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



  SC.4.2.1.a  23 

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

Modeling in K–2 builds 
on prior experiences 
and progresses to 
include using and 
developing models (i.e., 
diagram, drawing, 
physical replica, 
diorama, dramatization, 
or storyboard) that 
represent concrete 
events or design 
solutions.  
• 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 

Modeling in 3–5 builds on K–2 
experiences and progresses 
to building and revising 
simple models and using 
models to represent events 
and design solutions.  
• 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. 

Modeling in 6–8 builds on K–5 
experiences and progresses to 
developing, using, and revising 
models to describe, test, and 
predict more abstract 
phenomena and design systems.  
• 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 

Modeling in 9–12 builds on K–8 
experiences and progresses to using, 
synthesizing, and developing models to 
predict and show relationships among 
variables between systems and their 
components in the natural and 
designed worlds.  
• 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. 
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K-2 3-5 6-8 9-12 

natural and 
designed world(s).  

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

• Use a model to test cause 
and effect relationships or 
interactions concerning 
the functioning of a 
natural or designed 
system. 

to generate data to test ideas 
about phenomena in natural 
or designed systems, including 
those representing inputs and 
outputs, and those at 
unobservable scales. 

• 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): Patterns 

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

In grades K-2, 
children recognize 
that patterns in the 
natural and human 
designed world can 
be observed, used to 
describe 
phenomena, and 
used as evidence. 

In grades 3-5, students 
identify similarities and 
differences in order to sort 
and classify natural objects 
and designed products. 
They identify patterns 
related to time, including 
simple rates of change and 
cycles, and to use these 
patterns to make 
predictions. 

In grades 6-8, students recognize 
that macroscopic patterns are 
related to the nature of microscopic 
and atomic-level structure. They 
identify patterns in rates of change 
and other numerical relationships 
that provide information about 
natural and human designed 
systems. They use patterns to 
identify cause and effect 
relationships and use graphs and 
charts to identify patterns in data. 

In grades 9-12, students observe patterns 
in systems at different scales and cite 
patterns as empirical evidence for 
causality in supporting their explanations 
of phenomena. They recognize 
classifications or explanations used at 
one scale may not be useful or need 
revision using a different scale: thus, 
requiring improved investigations and 
experiments. They use mathematical 
representations to identify certain 
patterns and analyze patterns of 
performance in order to reengineer and 
improve a designed system. 

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

https://www.nap.edu/read/13165/chapter/9?term=PS4.A#131
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K-2 3-5 6-8 9-12 

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

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

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

The wavelength and frequency of 
a wave are related to one 
another by the speed of the 
wave, which depends on the 
type of wave and the medium 
through which it is passing. Waves 
can be used to transmit 
information and energy. 

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA.4.SL.2e. Use appropriate visual and/or digital tools to enhance verbal communication and add interest. 
• LA.4.RP.8 Read and comprehend a wide range of literary texts of appropriate complexity for Grade 4 independently and 

proficiently. 
• LA.4.RI.8 Read and comprehend a wide range of informational texts of appropriate complexity for Grade 4 independently 

and proficiently. 

Mathematics Connections: 
• 4.G.1.b Justify the classification of angles as acute, obtuse, or right. 
• 4.G.1.c Justify the classification of two-dimensional shapes based on the presence or absence of parallel and perpendicular 

lines, or the presence or absence of specific angles. 

Social Studies Connections: 

Fine and Performing Arts Connections: 

Connection to other grade level indicators 

Authentic Connections to Other Content Standards: 
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SC.4.2.1.a, SC.4.13.4.a, SC., SC.4.13.4.b, SC.4.4.2.e 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Wave, amplitude, wavelength, crest, trough, peak, rate, period 

Assessment Considerations 

Formative Assessment: 
• https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/ 

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

Knowledge, Skills, and Abilities: 
• KSA1: Observe and record data that represents wavelength and amplitude of waves. 
• KSA2: Use a model to show how waves can cause an object to move up and down. 
• KSA3: Develop a model of waves to describe patterns of waves. 
• KSA4: Use a model to make sense of the given phenomena in terms of amplitude.  
• KSA5: Use a model to make sense of the given phenomena in terms of wavelength.  
• KSA6: Describe patterns in terms of amplitude and wavelength and that waves can cause objects to move up and down 

https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/
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Standard: SC.4.2.1 Gather, analyze, and communicate evidence of waves and the information they transfer.  

Waves are regular patterns of motion that transfer energy and have properties such as amplitude (maximum distance of the wave 
crest from equilibrium) and wavelength (spacing between wave peaks). Waves in water can be directly observed. Light waves cause 
objects to be seen when light reflected from objects enters the eye. Humans use waves and other patterns to transfer information. 

Indicator Code: SC.4.2.1.b 

Generate and compare multiple solutions that use patterns to transfer information.  

NGSS Comparison: 4-PS4-3 

Other Indicators in this Standard 

SC.4.2.1.a 

Concepts and Skills to Master 

Foundation Boxes: 

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

Constructing Explanations and Designing Solutions 
• Constructing explanations and designing solutions in 3–5 

builds on K–2 experiences and progresses to the use of 
evidence in constructing explanations that specify 
variables that describe and predict phenomena and in 
designing multiple solutions to design problems. 

Patterns 
• Similarities and differences in patterns can be used to sort 

and classify designed products. 

 



  SC.4.2.1.b  28 

Disciplinary Core Idea (DCI) 

PS4.C:  Information Technologies and Instrumentation 
• Digitized information can be transmitted over long distances without significant degradation. High-tech devices, such as 

computers or cell phones, can receive and decode information—convert it from digitized form to voice—and vice versa. 

ETS1.C:  Optimizing the Design Solution 
• Different solutions need to be tested in order to determine which of them best solves the problem, given the criteria and the 

constraints. (secondary to 4.2.1.B) 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Echolocation in action - Daniel Kish Uses Echolocation To Navigate — The Wonder of Science 
• Variations of string and cup phones 
• Arecibo message - Arecibo message - Wikipedia 

 

Evidence Statements 

What does it look like to demonstrate proficiency on this indicator? 
4.2.1.b  Generate and compare multiple solutions that use patterns to transfer information. 
1. Using scientific knowledge to generate design solutions 

A. Students generate at least two design solutions, for a given problem, that use patterns to transmit a given piece of 
information (e.g., picture, message). Students describe* how the design solution is based on:  
• Knowledge of digitized information transfer (e.g., information can be converted from a sound wave into a digital 

signal such as patterns of 1s and 0s and vice versa; visual or verbal messages can be encoded in patterns of flashes of 
light to be decoded by someone else across the room). 

• Ways that high-tech devices convert and transmit information (e.g., cell phones convert sound waves into digital 
signals, so they can be transmitted long distances, and then converted back into sound waves; a picture or message 
can be encoded using light signals to transmit the information over a long distance). 

2. Describing* criteria and constraints, including quantification when appropriate 
A. Students describe* the given criteria for the design solutions, including the accuracy of the final transmitted information 

and that digitized information (patterns) transfer is used. 
B. Students describe* the given constraints of the design solutions, including: 

https://www.nap.edu/read/13165/chapter/9?term=PS4.A#136
https://www.nap.edu/read/13165/chapter/12#208
https://thewonderofscience.com/phenomenon/2018/7/8/daniel-kish-uses-echolocation-to-navigate
https://en.wikipedia.org/wiki/Arecibo_message
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• The distance over which information is transmitted. 
• Safety considerations. 
• Materials available. 

3. Evaluating potential solutions 
A. Students compare the proposed solutions based on how well each meets the criteria and constraints.  
B. Students identify similarities and differences in the types of patterns used in the solutions to determine whether some ways 

of transmitting information are more effective than others at addressing the problem. 

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 the 
use of evidence and 
ideas in constructing 
evidence-based 
accounts of natural 
phenomena and 
designing solutions.  
• 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 the use 
of evidence in 
constructing explanations 
that specify variables that 
describe and predict 
phenomena and in 
designing multiple 
solutions to design 
problems.  
• Construct an 

explanation of 
observed relationships 
(e.g., the distribution 

Constructing explanations and designing 
solutions in 6–8 builds on K– 5 
experiences and progresses to include 
constructing explanations and designing 
solutions supported by multiple sources 
of evidence consistent with scientific 
ideas, principles, and theories.  
• 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 

Constructing explanations and 
designing solutions in 9–12 builds on K–8 
experiences and progresses to 
explanations and designs that are 
supported by multiple and 
independent student-generated 
sources of evidence consistent with 
scientific ideas, principles, and theories.  
• 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, 
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K-2 3-5 6-8 9-12 

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.  

•  Generate 
and/or compare 
multiple solutions 
to a problem. 

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.  

• 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. 

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. 

• 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. 

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. 

• 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. 
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Crosscutting Concepts (CCCs): Patterns 

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

In grades K-2, 
children recognize 
that patterns in the 
natural and human 
designed world can 
be observed, used to 
describe 
phenomena, and 
used as evidence. 

In grades 3-5, students 
identify similarities and 
differences in order to sort 
and classify natural objects 
and designed products. 
They identify patterns 
related to time, including 
simple rates of change and 
cycles, and to use these 
patterns to make 
predictions. 

In grades 6-8, students recognize that 
macroscopic patterns are related to 
the nature of microscopic and 
atomic-level structure. They identify 
patterns in rates of change and other 
numerical relationships that provide 
information about natural and human 
designed systems. They use patterns 
to identify cause and effect 
relationships and use graphs and 
charts to identify patterns in data. 

In grades 9-12, students observe 
patterns in systems at different scales 
and cite patterns as empirical evidence 
for causality in supporting their 
explanations of phenomena. They 
recognize classifications or explanations 
used at one scale may not be useful or 
need revision using a different scale: 
thus, requiring improved investigations 
and experiments. They use 
mathematical representations to 
identify certain patterns and analyze 
patterns of performance in order to 
reengineer and improve a designed 
system. 

Disciplinary Core Ideas (DCIs): PS4.C:  Information Technologies and Instrumentation, ETS1.C:  Optimizing The Design Solution 

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

PS4.C 
People use devices 
to send and 
receive 
information. 

ETS1.C 
• Because there is 

PS4.C 
Object can be seen when 
light reflected from their 
surface enters our eyes.  

Patterns can encode, send, 
receive and decode 
information. 

PS4.C 
Waves can be used to transmit digital 
information. Digitized information is 
comprised of a pattern of 1s and 0s. 

ETS1.C 
• Although one design may not perform 

the best across all tests, identifying the 

PS4.C 
Large amounts of information 
can be stored and shipped 
around as a result of being 
digitized. 

ETS1.C 
• Criteria may need to be 

https://www.nap.edu/read/13165/chapter/9?term=PS4.A#136
https://www.nap.edu/read/13165/chapter/12#208
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K-2 3-5 6-8 9-12 

always more 
than one 
possible solution 
to a problem, it 
is useful to 
compare and 
test designs. 
(2.3.1.C)  

• Because there is 
always more 
than one 
possible solution 
to a problem, it 
is useful to 
compare and 
test designs. 
(secondary to 
2.13.3.B) 

ETS1.C 
• Different solutions need 

to be tested in order to 
determine which of them 
best solves the problem, 
given the criteria and the 
constraints. (secondary 
to 4.2.1.B)  

• Different solutions need 
to be tested in order to 
determine which of them 
best solves the problem, 
given the criteria and the 
constraints. (4.4.2.E) 

characteristics of the design that 
performed the best in each test can 
provide useful information for the 
redesign process—that is, some of the 
characteristics may be incorporated into 
the new design. (7.5.2.D)  

• The iterative process of testing the most 
promising solutions and modifying what is 
proposed on the basis of the test results 
leads to greater refinement and 
ultimately to an optimal 
solution.(secondary to 7.5.2.C)  

• The iterative process of testing the most 
promising solutions and modifying what is 
proposed on the basis of the test results 
leads to greater refinement and 
ultimately to an optimal solution. (8.1.1.B) 

broken down into simpler 
ones that can be 
approached systematically, 
and decisions about the 
priority of certain criteria over 
others (trade-offs) may be 
needed. (secondary to 
HS.1.1.C)  

• Criteria may need to be 
broken down into simpler 
ones that can be 
approached systematically, 
and decisions about the 
priority of certain criteria over 
others (trade-offs) may be 
needed. (HS.5.5.E) 

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA.4.RP.8 Read and comprehend a wide range of literary texts of appropriate complexity for Grade 4 independently and 

proficiently. 
• LA.4.RI.8 Read and comprehend a wide range of informational texts of appropriate complexity for Grade 4 independently 

and proficiently. 
• LA.4.RP.6 Explain what the text says explicitly and draw inferences when asking or answering questions, quoting or 

paraphrasing specific evidence from the text as appropriate. 
• LA.4.RI.6 Explain what the text says explicitly and draw inferences when asking or answering questions, quoting or 

paraphrasing specific evidence from the text as appropriate. 
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Mathematics Connections: 
• 4.G.2.b Determine the reasonableness of measurements involving time, length, weight, mass, capacity, and angles. 

Social Studies Connections: 

Fine and Performing Arts Connections: 

Connection to other grade level indicators 

Authentic Connections to Other Content Standards: 

4th Topics Model Bundle 2.pdf (nextgenscience.org) 

SC.4.4.2.b, SC.4.4.2.c, SC.4.2.1.b 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Wave, Encode, Decode, Digital, Transmit, Convert, Problem, Solutions, Criteria, Constraints, Models, Data, Test, Modify, 

Optimizing solutions 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository 

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

Knowledge, Skills, and Abilities: 
• KSA 1: Generate solutions using scientific knowledge for solutions that uses patterns to transfer information.  
• KSA 2: Describe and evaluate criteria and constraints for design solutions with patterns of transfer of energy.  
• KSA 3: Evaluate proposed solution based of criteria and constraints. 
• KSA 4: Evaluate similarities and differences in patterns to determine the effectiveness of a solution. 

https://www.nextgenscience.org/sites/default/files/4th%20Topics%20Model%20Bundle%202.pdf
https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/
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Topic: SC.4.4 Energy: Conservation and Transfer 
Standard: SC.4.4.2 Gather, analyze and communicate evidence of energy conservation and transfer.  

Energy is present whenever there are moving objects, sound, light, or heat. The faster a given object is moving, the more energy it 
possesses. When objects collide, energy can be transferred from one object to another causing the objects’ motions to change. 
Energy can also be transferred from place to place by electrical currents, heat, sound, or light. Devices can be designed to convert 
energy from one form to another. 

Indicator Code: SC.4.4.2.a 

Use evidence to construct an explanation relating the speed of an object to the energy of that object. Assessment does not include 
quantitative measures of changes in the speed of an object or on any precise or quantitative definition of energy. 

NGSS Comparison: 4-PS3-1 

Other Indicators in this Standard 

SC.4.4.2.b, SC.4.4.2.c, SC.4.4.2.d, SC.4.4.2.e, SC.4.4.2.f 

Concepts and Skills to Master 

Foundation Boxes: 

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

Constructing Explanations and Designing Solutions 
• Constructing explanations and designing solutions in 3–5 

builds on K–2 experiences and progresses to the use of 
evidence in constructing explanations that specify variables 
that describe and predict phenomena and in designing 
multiple solutions to design problems. 

Energy and Matter 
• Energy can be transferred in various ways and between 

objects. 
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Disciplinary Core Idea (DCI) 

PS3.A:  Definitions of Energy  

The faster a given object is moving, the more energy it possesses. 
 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Newton’s Cradle - Giant Newton's Cradle — The Wonder of Science 
• Nebraska volleyball or football examples 
• Air hockey 

Evidence Statements 

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

4.4.2.a   Use evidence to construct an explanation relating the speed of an object to the energy of that object. 
1. Articulating the explanation of phenomena 

A. Students articulate a statement that relates the given phenomenon to a scientific idea, including that the speed of a 
given object is related to the energy of the object (e.g., the faster an object is moving, the more energy it possesses). 

B. Students use the evidence and reasoning to construct an explanation for the phenomenon. 
2. Evidence 

A. Students identify and describe* the relevant given evidence for the explanation, including: 
• The relative speed of the object (e.g., faster vs. slower objects). 
• Qualitative indicators of the amount of energy of the object, as determined by a transfer of energy from that object 

(e.g., more or less sound produced in a collision, more or less heat produced when objects rub together, relative 
speed of a ball that was stationary following a collision with a moving object, more or less distance a stationary object 
is moved). 

3. Reasoning 
A. Students use reasoning to connect the evidence to support an explanation for the phenomenon. In the explanation, 

students describe* a chain of reasoning that includes: 
• Motion can indicate the energy of an object.  

https://www.nap.edu/read/13165/chapter/9?term=PS3.#120
https://thewonderofscience.com/phenomenon/2018/4/30/giant-newtons-cradle
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• The faster a given object is moving, the more observable impact it can have on another object (e.g., a fast-moving 
ball striking something (a gong, a wall) makes more noise than does the same ball moving slowly and striking the same 
thing). 

• The observable impact of a moving object interacting with its surroundings reflects how much energy was able to be 
transferred between objects and therefore relates to the energy of the moving object.  

• Because faster objects have a larger impact on their surroundings than objects moving more slowly, they have more 
energy due to motion (e.g., a fast-moving ball striking a gong makes more noise than a slow-moving ball doing the 
same thing because it has more energy that can be transferred to the gong, producing more sound). [Note: This refers 
only to relative bulk motion energy, not potential energy, to remain within the DCI.] 

• Therefore, the speed of an object is related to the energy of the object. 

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 the 
use of evidence and 
ideas in constructing 
evidence based 
accounts of natural 
phenomena and 
designing solutions. 
Make observations 
(firsthand or from 

Constructing 
explanations and 
designing solutions in 3–5 
builds on K–2 experiences 
and progresses to the use 
of evidence in 
constructing explanations 
that specify variables that 
describe and predict 
phenomena and in 
designing multiple 
solutions to design 
problems.  
• Construct an 

Constructing explanations and designing 
solutions in 6–8 builds on K– 5 experiences 
and progresses to include constructing 
explanations and designing solutions 
supported by multiple sources of 
evidence consistent with scientific ideas, 
principles, and theories.  
• 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.  

Constructing explanations and 
designing solutions in 9–12 builds on K–
8 experiences and progresses to 
explanations and designs that are 
supported by multiple and 
independent student-generated 
sources of evidence consistent with 
scientific ideas, principles, and 
theories.  
• Make a quantitative and/or 

qualitative claim regarding the 
relationship between dependent 
and independent variables.  

•  Construct and revise an 
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K-2 3-5 6-8 9-12 

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.  

•  Generate 
and/or compare 
multiple solutions 
to a problem. 

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.  

• 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. 

• 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. 

• 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. 

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. 

• 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. 
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Crosscutting Concepts (CCCs): Energy and Matter 

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

In grades K-2, 
students 
observe objects 
may break into 
smaller pieces, 
be put together 
into larger 
pieces, or 
change shapes. 

In grades 3-5, students 
learn matter is made of 
particles and energy can 
be transferred in various 
ways and between 
objects. Students observe 
the conservation of matter 
by tracking matter flows 
and cycles before and 
after processes and 
recognizing the total 
weight of substances does 
not change. 

In grades 6-8, students learn matter is 
conserved because atoms are 
conserved in physical and chemical 
processes. They also learn within a 
natural or designed system; the 
transfer of energy drives the motion 
and/or cycling of matter. Energy may 
take different forms (e.g. energy in 
fields, thermal energy, energy of 
motion). The transfer of energy can 
be tracked as energy flows through a 
designed or natural system. 

In grades 9-12, students learn that the total 
amount of energy and matter in closed 
systems is conserved. They can describe 
changes of energy and matter in a system in 
terms of energy and matter flows into, out of, 
and within that system. They also learn that 
energy cannot be created or destroyed. It 
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): PS3.A:  Definitions of Energy  

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

N/A 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 

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. 

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. 

https://www.nap.edu/read/13165/chapter/9?term=PS3.#120
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Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA.4.RP.6 Explain what the text says explicitly and draw inferences when asking or answering questions, quoting or 

paraphrasing specific evidence from the text as appropriate. 
• LA.4.RI.6 Explain what the text says explicitly and draw inferences when asking or answering questions, quoting or 

paraphrasing specific evidence from the text as appropriate. 
• LA.4.RP.8 Read and comprehend a wide range of literary texts of appropriate complexity for Grade 4 independently and 

proficiently. 
• LA.4.RI.8 Read and comprehend a wide range of informational texts of appropriate complexity for Grade 4 independently 

and proficiently. 
• LA.4.W.6.b Identify print and digital tools to gather information and evidence. 
• LA.4.W.4.b Use facts and details to support reasons and/or evidence. 
• LA.4.W.6.a Paraphrase information and evidence to support ideas while avoiding plagiarism. 
• LA.4.W.6.d Demonstrate academic integrity by avoiding overreliance on any one source and referencing sources in writing 

and speaking; provide a list of sources. 
• LA.4.SL.2e. Use appropriate visual and/or digital tools to enhance verbal communication and add interest. 
• LA.4.W.2.e Use appropriate print and digital/multimedia tools to produce, enhance, and/or publish writing individually or in 

collaboration with peers. 
• LA.4.SL.2 Report on a topic or text, tell a story, or recount an experience in an organized manner with appropriate facts and 

relevant, descriptive details to support themes or central ideas.  
• LA.4.SL.2.a. Demonstrate appropriate speaking techniques (e.g., appropriate eye contact, adequate volume, clear 

pronunciation) for a variety of purposes and situations, including interpreting 4th grade texts.  
• LA.4.SL.2b. Convey a perspective with clear reasoning and support.  
• LA.4.SL.2c. Identify the purpose and credibility of information being presented.  
• LA.4.W.6.a Paraphrase information and evidence to support ideas while avoiding plagiarism. 
• LA.4.W.6.d Demonstrate academic integrity by avoiding overreliance on any one source and referencing sources in writing 

and speaking; provide a list of sources. 

Mathematics Connections: 
• 4.D.1.a Generate and represent data using line plots where the horizontal scale is marked off in appropriate units—whole 

numbers, halves, fourths, or eighths. 

Social Studies Connections: 
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Fine and Performing Arts Connections: 

Connection to other grade level indicators 

Authentic Connections to Other Content Standards: 

4th Topics Model Bundle 3.pdf (nextgenscience.org) 

SC.4.4.2.a, SC. 4.4.2.c, SC.4.4.2.e 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Slow, Fast, Strong, Weak, Motion, Relationship, Energy moved by motion, Speed 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository 

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

Knowledge, Skills, and Abilities: 
• KSA1:  Locate relevant evidence. 
• KSA2:  Recognizing the pattern of energy movement. 
• KSA3:  Use reasoning to construct an explanation how speed affects the energy of that object. 

https://www.nextgenscience.org/sites/default/files/4th%20Topics%20Model%20Bundle%203.pdf
https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/


  SC.4.4.2.b  41 

Standard: SC.4.4.2 Gather, analyze and communicate evidence of energy conservation and transfer.  

Energy is present whenever there are moving objects, sound, light, or heat. The faster a given object is moving, the more energy it 
possesses. When objects collide, energy can be transferred from one object to another causing the objects’ motions to change. 
Energy can also be transferred from place to place by electrical currents, heat, sound, or light. Devices can be designed to convert 
energy from one form to another. 

Indicator Code: SC.4.4.2.b 

Make observations to provide evidence that energy can be transferred from place to place by sound, light, heat, and electrical 
currents. Assessment does not include quantitative measurements of energy.  

NGSS Comparison: 4-PS3-2 

Other Indicators in this Standard 

SC.4.4.2.a, SC.4.4.2.c, SC.4.4.2.d, SC.4.4.2.e, SC.4.4.2.f 

Concepts and Skills to Master 

Foundation Boxes: 

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

Planning and Carrying Out Investigations  
• Planning and carrying out investigations to answer 

questions or test solutions to problems in 3–5 builds on K–2 
experiences and progresses to include investigations that 
control variables and provide evidence to support 
explanations or design solutions. 

Energy and Matter 
• Energy can be transferred in various ways and between 

objects. 
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Disciplinary Core Idea (DCI) 

PS3.A:  Definitions of Energy  
 Energy can be moved from place to place by moving objects or through sound, light, or electric currents. 

PS3.B:  Conservation of Energy and Energy Transfer 
 Energy is present whenever there are moving objects, sound, light, or heat. When objects collide, energy can be transferred from 

one object to another, thereby changing their motion. In such collisions, some energy is typically also transferred to the surrounding 
air; as a result, the air gets heated, and sound is produced. 

 Light also transfers energy from place to place.  
 Energy can also be transferred from place to place by electric currents, which can then be used locally to produce motion, sound, 

heat, or light. The currents may have been produced to begin with by transforming the energy of motion into electrical energy. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Solar car - Solar Cars — The Wonder of Science 
• Roller coaster 
• Shattering glass with your voice - Shatter A Wine Glass With Your Voice — The Wonder of Science 

Evidence Statements 

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

4.4.2.b   Make observations to provide evidence that energy can be transferred from place to place by sound, light, heat, and 
electrical currents. 
1. Identifying the phenomenon under investigation 

A. From the given investigation plan, students describe* the phenomenon under investigation, which includes the following 
ideas: 

• The transfer of energy, including: 
a) Collisions between objects. 
b) Light traveling from one place to another. 
c) Electric currents producing motion, sound, heat, or light. 
d) Sound traveling from one place to another. 
e) Heat passing from one object to another. 

https://www.nap.edu/read/13165/chapter/9?term=PS3.#120
https://www.nap.edu/read/13165/chapter/9#105
https://thewonderofscience.com/phenomenon/2018/7/8/solar-cars
https://thewonderofscience.com/phenomenon/2018/5/3/shatter-a-wine-glass-with-your-voice
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f) Motion, sound, heat, and light causing a different type of energy to be observed after an interaction (e.g., 
in a collision between two objects, one object may slow down or stop, the other object may speed up, and the 
objects and surrounding air may be heated; a specific sound may cause the movement of an object; the energy 
associated with the motion of an object, via an electrical current, may be used to turn on a light). 

B. Students describe* the purpose of the investigation, which includes providing evidence for an explanation of the 
phenomenon, including the idea that energy can be transferred from place to place by: 
• Moving objects. 
• Sound. 
• Light. 
• Heat. 
• Electric currents. 

2. Identifying the evidence to address the purpose of the investigation 
A. From the given investigation plan, students describe* the data to be collected that will serve as the basis for evidence, 
including: 

• The motion and collision of objects before and after an interaction (e.g., when a given object is moving fast, it can 
move another object farther than when the same object is moving more slowly). 

• The relative presence of sound, light, or heat (including in the surrounding air) before and after an interaction (e.g. 
shining a light on an object can increase the temperature of the object; a sound can move an object). 

• The presence of electric currents flowing through wires causally linking one form of energy output (e.g., a moving 
object) to another form of energy output (e.g., another moving object; turning on a light bulb). 

B. Students describe* how their observations will address the purpose of the investigation, including how the observations will 
provide evidence that energy, in the form of light, sound, heat, and motion, can be transferred from place to place by 
sound, light, heat, or electric currents (e.g., in a system in which the motion of an object generates an observable 
electrical current to turn on a light, energy (from the motion of an object) must be transferred to another place (energy in 
the form of the light bulb) via the electrical current, because the motion doesn’t cause the light bulb to light up if the wire 
is not completing a circuit between them; when a light is directed at an object, energy (in the form of light) must be 
transferred from the source of the light to its destination and can be observed in the form of heat, because if the light is 
blocked, the object isn’t warmed. 

3. Planning the investigation 
A. From the given investigation plan, students identify and describe* how the data will be observed and recorded, including 

the tools and methods for collecting data on: 
• The motion and collision of objects, including any sound or heat producing the motion/collision, or produced by the 

motion/collision.  
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• The presence of energy in the form of sound, light, or heat in one place as a result of sound, light, or heat in a different 
place. 

• The presence of electric currents in wires and the presence of energy (in the form of sound, light, heat, or motion 
resulting from the flow of electric currents through a device). 

B. Students describe* the number of trials, controlled variables, and experimental set up. 
4. Collecting the data 

A. Students make and record observations according to the given investigation plan to provide evidence that: 
• Energy is present whenever there are moving objects, sound, light, or heat. 
• That energy has been transferred from place to place (e.g., a bulb in a circuit is not lit until a switch is closed and it 

lights, indicating that energy is transferred through electric current in a wire to light the bulb; a stationary ball is struck 
by a moving ball, causing the stationary ball to move and the moving ball to slow down, indicating that energy has 
been transferred from the moving ball to the stationary one).  

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 to answer 
questions or test solutions to 
problems in K–2 builds on 
prior experiences and 
progresses to simple 
investigations, based on fair 
tests, which provide data to 
support explanations or 
design solutions.  
• With guidance, plan and 

conduct an investigation 

Planning and carrying out 
investigations to answer 
questions or test solutions 
to problems in 3–5 builds 
on K–2 experiences and 
progresses to include 
investigations that control 
variables and provide 
evidence to support 
explanations or design 
solutions. 
• Plan and conduct an 

Planning and carrying out 
investigations in 6-8 builds on 
K-5 experiences and 
progresses to include 
investigations that use 
multiple variables and 
provide evidence to support 
explanations or solutions.  
• Plan an investigation 

individually and 
collaboratively, and in the 
design: identify 

Planning and carrying out investigations in 
9-12 builds on K-8 experiences and 
progresses to include investigations that 
provide evidence for and test conceptual, 
mathematical, physical, and empirical 
models. 
• 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 
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K-2 3-5 6-8 9-12 

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 
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. 

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 
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 

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.  

• 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. 

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 improve performance relative 
to criteria for success or other variables. 
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K-2 3-5 6-8 9-12 

better meets criteria 
for success. 

Crosscutting Concepts (CCCs): Energy and Matter 

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

In grades K-2, 
students 
observe objects 
may break into 
smaller pieces, 
be put together 
into larger 
pieces, or 
change shapes. 

In grades 3-5, students learn 
matter is made of particles 
and energy can be 
transferred in various ways 
and between objects. 
Students observe the 
conservation of matter by 
tracking matter flows and 
cycles before and after 
processes and recognizing 
the total weight of 
substances does not 
change. 

In grades 6-8, students learn matter is 
conserved because atoms are 
conserved in physical and chemical 
processes. They also learn within a 
natural or designed system; the transfer 
of energy drives the motion and/or 
cycling of matter. Energy may take 
different forms (e.g. energy in fields, 
thermal energy, energy of motion). The 
transfer of energy can be tracked as 
energy flows through a designed or 
natural system. 

In grades 9-12, students learn that the 
total amount of energy and matter in 
closed systems is conserved. They can 
describe changes of energy and matter 
in a system in terms of energy and matter 
flows into, out of, and within that system. 
They also learn that energy cannot be 
created or destroyed. It 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): PS3.A:  Definitions of Energy, PS3.B:  Conservation of Energy and Energy Transfer 

https://www.nap.edu/read/13165/chapter/9?term=PS3.#120
https://www.nap.edu/read/13165/chapter/9#105
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K-2 3-5 6-8 9-12 

N/A 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 

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. 

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. 

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA.4.RP.6 Explain what the text says explicitly and draw inferences when asking or answering questions, quoting or 

paraphrasing specific evidence from the text as appropriate. 
• LA.4.RI.6 Explain what the text says explicitly and draw inferences when asking or answering questions, quoting or 

paraphrasing specific evidence from the text as appropriate. 
• LA.4.RP.8 Read and comprehend a wide range of literary texts of appropriate complexity for Grade 4 independently and 

proficiently. 
• LA.4.RI.8 Read and comprehend a wide range of informational texts of appropriate complexity for Grade 4 independently 

and proficiently. 
• LA.4.W.6.b Identify print and digital tools to gather information and evidence. 
• LA.4.W.4.b Use facts and details to support reasons and/or evidence. 
• LA.4.W.6.a Paraphrase information and evidence to support ideas while avoiding plagiarism. 
• LA.4.W.6.d Demonstrate academic integrity by avoiding overreliance on any one source and referencing sources in writing 

and speaking; provide a list of sources. 
• LA.4.SL.2e. Use appropriate visual and/or digital tools to enhance verbal communication and add interest. 
• LA.4.W.2.e Use appropriate print and digital/multimedia tools to produce, enhance, and/or publish writing individually or in 

collaboration with peers. 
• LA.4.SL.2 Report on a topic or text, tell a story, or recount an experience in an organized manner with appropriate facts and 
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relevant, descriptive details to support themes or central ideas.  
• LA.4.SL.2.a. Demonstrate appropriate speaking techniques (e.g., appropriate eye contact, adequate volume, clear 

pronunciation) for a variety of purposes and situations, including interpreting 4th grade texts.  
• LA.4.SL.2b. Convey a perspective with clear reasoning and support.  
• LA.4.SL.2c. Identify the purpose and credibility of information being presented.  
• LA.4.W.6.a Paraphrase information and evidence to support ideas while avoiding plagiarism. 
• LA.4.W.6.d Demonstrate academic integrity by avoiding overreliance on any one source and referencing sources in writing 

and speaking; provide a list of sources. 

Mathematics Connections: 
• 4.D.1.a Generate and represent data using line plots where the horizontal scale is marked off in appropriate units—whole 

numbers, halves, fourths, or eighths. 
• 4.G.2.b Determine the reasonableness of measurements involving time, length, weight, mass, capacity, and angles. 

Social Studies Connections: 

Fine and Performing Arts Connections: 

Connection to other grade level indicators 

Authentic Connections to Other Content Standards: 

4th Topics Model Bundle 2.pdf (nextgenscience.org) 

SC.4.4.2.b, SC.4.4.2.d, SC.4.2.1.b 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• energy transfer, heat transfer, electric current, sound, light, heat, vibration 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository  

https://www.nextgenscience.org/sites/default/files/4th%20Topics%20Model%20Bundle%202.pdf
https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
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Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:  
• https://sipsassessments.org/  

Knowledge, Skills, and Abilities: 
• KSA1: Describe the purpose of a given investigation to provide evidence for an explanation that energy can be transferred 

from place to place. 
• KSA2: Describe the data to be collected from a given investigation plan that will serve as a basis for evidence that energy 

can be transferred from place to place. 
• KSA3: Describe how observations will address the purpose of an investigation that energy in the form of light, sound, heat, 

and motion, can be transferred from place to place by sound, light, heat, or electric currents. 

https://sipsassessments.org/
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Standard: SC.4.4.2 Gather, analyze and communicate evidence of energy conservation and transfer.  

Energy is present whenever there are moving objects, sound, light, or heat. The faster a given object is moving, the more energy it 
possesses. When objects collide, energy can be transferred from one object to another causing the objects’ motions to change. 
Energy can also be transferred from place to place by electrical currents, heat, sound, or light. Devices can be designed to convert 
energy from one form to another. 

Indicator Code: SC.4.4.2.c 

Ask questions and predict outcomes about the changes in energy that occur when objects collide. Emphasis is on the change in the 
energy due to the change in speed, not on the forces, as objects interact. Assessment does not include quantitative measurements of 
energy. 

NGSS Comparison: 4-PS3-3 

Other Indicators in this Standard 

SC.4.4.2.a, SC.4.4.2.b, SC.4.4.2.d, SC.4.4.2.e, SC.4.4.2.f 

Concepts and Skills to Master 

Foundation Boxes: 

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

Asking Questions and Defining Problems 
 Asking questions and defining problems in grades 3–5 builds on grades K–2 experiences 

and progresses to specifying qualitative relationships. 

Energy and Matter 
• Energy can be transferred in various ways and between 

objects. 
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Disciplinary Core Idea (DCI) 

PS3.A:  Definitions of Energy  
 Energy can be moved from place to place by moving objects or through sound, light, or electric currents. 

PS3.B:  Conservation of Energy and Energy Transfer 
 Energy is present whenever there are moving objects, sound, light, or heat. When objects collide, energy can be transferred from 

one object to another, thereby changing their motion. In such collisions, some energy is typically also transferred to the surrounding 
air; as a result, the air gets heated, and sound is produced. 

PS3.C:  Relationship Between Energy and Forces 
 When objects collide, the contact forces transfer energy so as to change the objects’ motions. 

 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Giant Newton’s Cradle - Giant Newton's Cradle — The Wonder of Science 
• Football collisions 
• Bumper cars 
• Billiards 
• Slow motion golf ball collision - Slow Motion Golf Ball Collision — The Wonder of Science 
• Objects that are dropped make sound when they hit the ground 

Evidence Statements 

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

4.4.2.c   Ask questions and predict outcomes about the changes in energy that occur when objects collide. 
1. Addressing phenomena of the natural world 

A. Students ask questions about the changes in energy that occur when objects collide, the answers to which would clarify: 
• A qualitative measure of energy (e.g., relative motion, relative speed, relative brightness) of the object before the 

collision. 
• The mechanism of energy transfer during the collision, including: 

a) The transfer of energy by contact forces between colliding objects that results in a change in the motion of 
the objects. 
b) The transfer of energy to the surrounding air when objects collide resulting in sound and heat. 

https://www.nap.edu/read/13165/chapter/9?term=PS3.#120
https://www.nap.edu/read/13165/chapter/9#105
https://www.nap.edu/read/13165/chapter/9#126
https://thewonderofscience.com/phenomenon/2018/4/30/giant-newtons-cradle
https://thewonderofscience.com/phenomenon/2018/7/8/slow-motion-golf-ball-collision
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B. Students predict reasonable outcomes about the changes in energy that occur after objects collide, based on patterns 
linking object collision and energy transfer between objects and the surrounding air. 

2. Identifying the scientific nature of the question 
A. Students ask questions that can be investigated within the scope of the classroom or an outdoor environment. 

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 
simple descriptive 
questions that 
can be tested.   
• Ask questions 

based on 
observations 
to find more 
information 
about the 
natural and/or 
designed 
world(s).  

• Ask and/or 
identify 

Asking questions and 
defining problems in 3–5 
builds on K–2 experiences 
and progresses to 
specifying qualitative 
relationships.  
• Ask questions about 

what would happen if 
a variable is changed. 

•  Identify scientific 
(testable) and non-
scientific 
(nontestable) 
questions.  

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

Asking questions and defining 
problems in 3–5 builds on K–2 
experiences and progresses to 
specifying qualitative relationships.  
• Ask questions about what would 

happen if a variable is 
changed. 

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

Asking questions and defining problems in 9–12 
builds on K–8 experiences and progresses to 
formulating, refining, and evaluating 
empirically testable questions and design 
problems using models and simulations.   

• Ask questions  
• that arise from careful observation of 

phenomena, or unexpected results, to 
clarify and/or seek additional 
information.  

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

• to determine relationships, including 
quantitative relationships, between 
independent and dependent variables.  

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

• Evaluate a question to determine if it is 
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K-2 3-5 6-8 9-12 

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. 

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. 

process, or system and includes 
several criteria for success and 
constraints on materials, time, or 
cost. appropriate, frame a 
hypothesis based on 
observations and scientific 
principles 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. 

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. 

Crosscutting Concepts (CCCs): Energy and Matter 
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K-2 3-5 6-8 9-12 

In grades K-2, 
students 
observe objects 
may break into 
smaller pieces, 
be put together 
into larger 
pieces, or 
change shapes. 

In grades 3-5, students 
learn matter is made of 
particles and energy can 
be transferred in various 
ways and between 
objects. Students observe 
the conservation of matter 
by tracking matter flows 
and cycles before and 
after processes and 
recognizing the total 
weight of substances does 
not change. 

In grades 6-8, students learn matter 
is conserved because atoms are 
conserved in physical and 
chemical processes. They also 
learn within a natural or designed 
system; the transfer of energy 
drives the motion and/or cycling of 
matter. Energy may take different 
forms (e.g. energy in fields, thermal 
energy, energy of motion). The 
transfer of energy can be tracked 
as energy flows through a 
designed or natural system. 

In grades 9-12, students learn that the total 
amount of energy and matter in closed systems 
is conserved. They can describe changes of 
energy and matter in a system in terms of 
energy and matter flows into, out of, and within 
that system. They also learn that energy cannot 
be created or destroyed. It 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): PS3.A:  Definitions of Energy, PS3.B:  Conservation of Energy and Energy Transfer, PS3.C:  
Relationship Between Energy and Forces 

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

PS3.A and 
PS3.B 
N/A 

PS3.C 
Bigger 
pushes and 
pulls cause 
bigger 

PS3.A and PS3.B 
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 and PS3.B  
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 and PS3.B  
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. 

https://www.nap.edu/read/13165/chapter/9?term=PS3.#120
https://www.nap.edu/read/13165/chapter/9#105
https://www.nap.edu/read/13165/chapter/9#126
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K-2 3-5 6-8 9-12 

changes in 
an object’s 
motion or 
shape. 

PS3.C 
When objects collide, contact 
forces transfer energy so as to 
change the objects’ motions. 

PS3.C 
When two objects interact, each one 
exerts a force on the other, and these 
forces can transfer energy between them 

PS3.C 
Fields contain energy that depends 
on the arrangement of the objects in 
the field. 

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA.4.RP.6 Explain what the text says explicitly and draw inferences when asking or answering questions, quoting or 

paraphrasing specific evidence from the text as appropriate. 
• LA.4.RI.6 Explain what the text says explicitly and draw inferences when asking or answering questions, quoting or 

paraphrasing specific evidence from the text as appropriate. 
• LA.4.RP.8 Read and comprehend a wide range of literary texts of appropriate complexity for Grade 4 independently and 

proficiently. 
• LA.4.RI.8 Read and comprehend a wide range of informational texts of appropriate complexity for Grade 4 independently 

and proficiently. 
• LA.4.W.6.b Identify print and digital tools to gather information and evidence. 
• LA.4.W.4.b Use facts and details to support reasons and/or evidence. 
• LA.4.W.6.a Paraphrase information and evidence to support ideas while avoiding plagiarism. 
• LA.4.W.6.d Demonstrate academic integrity by avoiding overreliance on any one source and referencing sources in writing 

and speaking; provide a list of sources. 
• LA.4.SL.2e. Use appropriate visual and/or digital tools to enhance verbal communication and add interest 
• LA.4.W.2.e Use appropriate print and digital/multimedia tools to produce, enhance, and/or publish writing individually or in 

collaboration with peers. 
• LA.4.SL.2 Report on a topic or text, tell a story, or recount an experience in an organized manner with appropriate facts and 

relevant, descriptive details to support themes or central ideas.  
• LA.4.SL.2.a. Demonstrate appropriate speaking techniques (e.g., appropriate eye contact, adequate volume, clear 

pronunciation) for a variety of purposes and situations, including interpreting 4th grade texts.  
• LA.4.SL.2b. Convey a perspective with clear reasoning and support.  
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• LA.4.SL.2c. Identify the purpose and credibility of information being presented.  
• LA.4.W.6.a Paraphrase information and evidence to support ideas while avoiding plagiarism. 
• LA.4.W.6.d Demonstrate academic integrity by avoiding overreliance on any one source and referencing sources in writing 

and speaking; provide a list of sources. 

Mathematics Connections: 
• 4.D.1.a Generate and represent data using line plots where the horizontal scale is marked off in appropriate units—whole 

numbers, halves, fourths, or eighths. 
• 4.G.2.b Determine the reasonableness of measurements involving time, length, weight, mass, capacity, and angles. 

Social Studies Connections: 

Fine and Performing Arts Connections: 

Connection to other grade level indicators 

Authentic Connections to Other Content Standards: 

4th Topics Model Bundle 3.pdf (nextgenscience.org) 

SC.4.4.2.a, SC.4.4.2.c, SC.4.4.2.e 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• energy transfer, collision, contact forces, motion, sound, light, heat, affected 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository 

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

Knowledge, Skills, and Abilities: 
• KSA1: Develop questions that can be investigated to address the changes in energy that occur when objects collide.  

https://www.nextgenscience.org/sites/default/files/4th%20Topics%20Model%20Bundle%203.pdf
https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/
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• KSA2: Create a prediction for the proposed question and investigation plan about when objects collide.   
• KSA3: Identify patterns that occur during an investigation such as the cause and effect relationships.  
• KSA4: Link scientific theory about energy transfer to the patterns seen when objects collide.  
• KSA5: Provide evidence and explanations of how energy has changed when objects collide.  
• KSA6: Explain the cause and effect relationship that occurs during the collision (transfer of energy).  
• KSA7: Connect evidence and explanations to the original question and prediction for the investigation. 
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Standard: SC.4.4.2 Gather, analyze and communicate evidence of energy conservation and transfer.  

Energy is present whenever there are moving objects, sound, light, or heat. The faster a given object is moving, the more energy it 
possesses. When objects collide, energy can be transferred from one object to another causing the objects’ motions to change. 
Energy can also be transferred from place to place by electrical currents, heat, sound, or light. Devices can be designed to convert 
energy from one form to another. 

Indicator Code: SC.4.4.2.d 

Apply scientific ideas to design, test, and refine a device that converts energy from one form to another. Examples of devices could 
include electric circuits that convert electrical energy into motion energy of a vehicle, light, or sound; and a passive solar heater that 
converts light into heat. Examples of constraints could include the materials, cost, or time to design the device. Devices should be 
limited to those that convert motion energy to electric energy or use stored energy to cause motion or produce light or sound. 

NGSS Comparison: 4-PS3-4 

Other Indicators in this Standard 

SC.4.4.2.a, SC.4.4.2.b, SC.4.4.2.c, SC.4.4.2.e, SC.4.4.2.f 

Concepts and Skills to Master 

Foundation Boxes: 



  SC.4.4.2.d  59 

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

Constructing Explanations and Designing Solutions 
• Constructing explanations and designing solutions in 3–5 

builds on K–2 experiences and progresses to the use of 
evidence in constructing explanations that specify 
variables that describe and predict phenomena and in 
designing multiple solutions to design problems. 

Energy and Matter 
• Energy can be transferred in various ways and between 

objects. 

Connections to Engineering, Technology, and Applications of Science 

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

• Engineers improve existing technologies or develop new 
ones. 

Connections to Nature of Science 

Science is a Human Endeavor  
• Most scientists and engineers work in teams.  

Science affects everyday life. 

 

Disciplinary Core Idea (DCI) 
PS3.B:  Conservation of Energy and Energy Transfer 

Energy can also be transferred from place to place by electric currents, which can then be used locally to produce motion, sound, 
heat, or light. The currents may have been produced to begin with by transforming the energy of motion into electrical energy. 

PS3.D:  Energy in Chemical Processes and Everyday Life 
 The expression “produce energy” typically refers to the conversion of stored energy into a desired form for practical use. 

ETS1.A:  Defining Engineering Problems 
 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. (secondary 
to 4.4.2.D) 

http://nstahosted.org/pdfs/ngss/20130509/AppendixJ-ScienceTechnologySocietyAndTheEnvironment_0.pdf
http://nstahosted.org/pdfs/ngss/20130509/AppendixJ-ScienceTechnologySocietyAndTheEnvironment_0.pdf
http://nstahosted.org/pdfs/ngss/AppendixH-TheNatureOfScienceInTheNextGenerationScienceStandards-4.9.13.pdf
https://www.nap.edu/read/13165/chapter/9#105
https://www.nap.edu/read/13165/chapter/9?term=PS3.#128
https://www.nap.edu/read/13165/chapter/12#204
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Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Solar cooker 
• Christmas pyramid 
• Water wheel for electricity - Building Hydroelectric Water Wheel from Scratch for Powering an Off Grid Cabin (youtube.com) 

Evidence Statements 

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

4.4.2.d   Apply scientific ideas to design, test, and refine a device that converts energy from one form to another. 
1. Using scientific knowledge to generate design solutions 

A. Given a problem to solve, students collaboratively design a solution that converts energy from one form to another. In the 
design, students: 

• Specify the initial and final forms of energy (e.g., electrical energy, motion, light). 
• Identify the device by which the energy will be transformed (e.g., a light bulb to convert electrical energy into light 

energy, a motor to convert electrical energy into energy of motion). 
2. Describing* criteria and constraints, including quantification when appropriate 

A. Students describe* the given criteria and constraints of the design, which include: 
• Criteria: 

a) The initial and final forms of energy. 
b) Description* of how the solution functions to transfer energy from one form to another. 

• Constraints: 
a) The materials available for the construction of the device. 
b) Safety considerations. 

3. Evaluating potential solutions 
A. Students evaluate the proposed solution according to how well it meets the specified criteria and constraints of the 
problem. 

4. Modifying the design solution 
A. Students test the device and use the results of the test to address problems in the design or improve its functioning. 

Critical Background Knowledge 

Grade Band Progressions:  

https://germanchristmasshopusa.com/pages/christmas-pyramids-windmills-faq#:%7E:text=The%20idea%20is%20simple%2C%20when%20candles%20are%20lit%2C,causes%20the%20propeller%20to%20spin%2C%20ma
https://www.youtube.com/watch?v=5teYg7t--wg
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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 the use of 
evidence and ideas in 
constructing evidence 
based accounts of 
natural phenomena 
and designing solutions. 
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.  
•  Generate and/or 

compare multiple 
solutions to a 
problem. 

Constructing explanations 
and designing solutions in 3–
5 builds on K–2 experiences 
and progresses to the use of 
evidence in constructing 
explanations that specify 
variables that describe and 
predict phenomena and in 
designing multiple solutions 
to design problems.  
• 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.  

• Apply scientific ideas to 
solve design problems.  

• Generate and compare 
multiple solutions to a 
problem based on how 

Constructing explanations and 
designing solutions in 6–8 builds on K– 
5 experiences and progresses to 
include constructing explanations and 
designing solutions supported by 
multiple sources of evidence 
consistent with scientific ideas, 
principles, and theories.  
• 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, 

Constructing explanations and 
designing solutions in 9–12 builds 
on K–8 experiences and progresses 
to explanations and designs that 
are supported by multiple and 
independent student-generated 
sources of evidence consistent 
with scientific ideas, principles, and 
theories.  
• 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, 
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K-2 3-5 6-8 9-12 

well they meet the 
criteria and constraints of 
the design solution. 

examples, or events.   
• Apply scientific reasoning to show 

why the data or evidence is 
adequate for the explanation or 
conclusion. 

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

• 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. 

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. 

• Design, evaluate, and/or refine 
a solution to a complex real-
world problem, based on 
scientific knowledge, student-
generated sources of 
evidence, prioritized criteria, 
and tradeoff considerations. 

Crosscutting Concepts (CCCs): Energy and Matter 

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

In grades K-2, 
students 
observe 
objects may 
break into 
smaller 

In grades 3-5, students learn 
matter is made of particles 
and energy can be 
transferred in various ways 
and between objects. 
Students observe the 

In grades 6-8, students learn matter 
is conserved because atoms are 
conserved in physical and 
chemical processes. They also learn 
within a natural or designed system; 
the transfer of energy drives the 

In grades 9-12, students learn that the total 
amount of energy and matter in closed systems 
is conserved. They can describe changes of 
energy and matter in a system in terms of 
energy and matter flows into, out of, and within 
that system. They also learn that energy cannot 
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K-2 3-5 6-8 9-12 

pieces, be 
put together 
into larger 
pieces, or 
change 
shapes. 

conservation of matter by 
tracking matter flows and 
cycles before and after 
processes and recognizing 
the total weight of 
substances does not 
change. 

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. 

be created or destroyed. It 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): PS3.B:  Conservation of Energy and Energy Transfer, PS3.D:  Energy in Chemical Processes 
and Everyday Life, ETS1.A:  Defining Engineering Problems 

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

PS3.B 
N/A 

PS3.D 
Sunlight 
warms 
Earth’s 
surface. 

PS3.B  
Moving objects contain energy. The 
faster the object moves, the more 
energy it has. Energy can be moved 
from place to place by moving 
objects, or through sound, light, or 
electrical currents. Energy can be 
converted from one form to another 
form 

PS3.D 
Energy can be “produced,” “used,” 
or “released” by converting stored 
energy. Plants capture energy from 
sunlight, which can later be used as 
fuel or food. 

PS3.B 
Kinetic energy can be distinguished from 
the various forms of potential energy. 
Energy changes to and from each type 
can be tracked through physical or 
chemical interactions. The relationship 
between the temperature and the total 
energy of a system depends on the types, 
states, and amounts of matter. 

PS3.D 
Sunlight is captured by plants and used in 
a reaction to produce sugar molecules, 
which can be reversed by burning those 
molecules to release energy.  

PS3.B 
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. 

PS3.D 
Photosynthesis is the primary 
biological means of capturing 
radiation from the sun; energy 
cannot be destroyed; it can be 
converted to less useful forms. 

https://www.nap.edu/read/13165/chapter/9#105
https://www.nap.edu/read/13165/chapter/9?term=PS3.#128
https://www.nap.edu/read/13165/chapter/12#204
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Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA.4.RP.6 Explain what the text says explicitly and draw inferences when asking or answering questions, quoting or 

paraphrasing specific evidence from the text as appropriate. 
• LA.4.RI.6 Explain what the text says explicitly and draw inferences when asking or answering questions, quoting or 

paraphrasing specific evidence from the text as appropriate. 
• LA.4.RP.8 Read and comprehend a wide range of literary texts of appropriate complexity for Grade 4 independently and 

proficiently. 
• LA.4.RI.8 Read and comprehend a wide range of informational texts of appropriate complexity for Grade 4 independently 

and proficiently. 
• LA.4.W.6.b Identify print and digital tools to gather information and evidence. 
• LA.4.W.4.b Use facts and details to support reasons and/or evidence. 
• LA.4.W.6.a Paraphrase information and evidence to support ideas while avoiding plagiarism. 
• LA.4.W.6.d Demonstrate academic integrity by avoiding overreliance on any one source and referencing sources in writing 

and speaking; provide a list of sources. 
• LA.4.SL.2e. Use appropriate visual and/or digital tools to enhance verbal communication and add interest 
• LA.4.W.2.e Use appropriate print and digital/multimedia tools to produce, enhance, and/or publish writing individually or in 

collaboration with peers. 
• LA.4.SL.2 Report on a topic or text, tell a story, or recount an experience in an organized manner with appropriate facts and 

relevant, descriptive details to support themes or central ideas.  
• LA.4.SL.2.a. Demonstrate appropriate speaking techniques (e.g., appropriate eye contact, adequate volume, clear 

pronunciation) for a variety of purposes and situations, including interpreting 4th grade texts.  
• LA.4.SL.2b. Convey a perspective with clear reasoning and support.  
• LA.4.SL.2c. Identify the purpose and credibility of information being presented.  
• LA.4.W.6.a Paraphrase information and evidence to support ideas while avoiding plagiarism. 
• LA.4.W.6.d Demonstrate academic integrity by avoiding overreliance on any one source and referencing sources in writing 

and speaking; provide a list of sources. 

Mathematics Connections: 
• 4.A.1.f Solve one- and two-step authentic problems using the four operations including interpreting remainders and the use 

of a letter to represent the unknown quantity. 
• 4.D.1.a Generate and represent data using line plots where the horizontal scale is marked off in appropriate units—whole 



  SC.4.4.2.d  65 

numbers, halves, fourths, or eighths. 

Social Studies Connections: 

Fine and Performing Arts Connections: 

Connection to other grade level indicators 

Authentic Connections to Other Content Standards: 

4th Topics Model Bundle 2.pdf (nextgenscience.org) 

SC.4.4.2.b, SC.4.4.2.d, SC.4.2.1.b 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• electrical energy, energy of motion, sound energy, heat energy, light energy, conversion, properties, problem, solutions, 

criteria, constraints, models, data, test, modify, optimizing solutions 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository 

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

Knowledge, Skills, and Abilities: 
• KSA1: Collaboratively design a solution for a given problem that converts energy from one form to another. 
• KSA2: Specify the initial and final forms of energy in a design solution that converts energy from one form to another. 
• KSA3: Describe the given criteria and constraints of a design solution that converts energy from one form to another. 
• KSA4: Evaluate the proposed solution to a problem involving energy conversion by how well it meets specified criteria and 

constraints. 

https://www.nextgenscience.org/sites/default/files/4th%20Topics%20Model%20Bundle%202.pdf
https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/
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Standard: SC.4.4.2 Gather, analyze and communicate evidence of energy conservation and transfer.  

Energy is present whenever there are moving objects, sound, light, or heat. The faster a given object is moving, the more energy it 
possesses. When objects collide, energy can be transferred from one object to another causing the objects’ motions to change. 
Energy can also be transferred from place to place by electrical currents, heat, sound, or light. Devices can be designed to convert 
energy from one form to another. 

Indicator Code: SC.4.4.2.e 

Plan and carry out fair tests in which variables are controlled and failure points are considered to identify aspects of a model or 
prototype that can be improved. 

NGSS Comparison: 3-5-ETS1-3 

Other Indicators in this Standard 

SC.4.4.2.a, SC.4.4.2.b, SC.4.4.2.c, SC.4.4.2.d, SC.4.4.2.f 

Concepts and Skills to Master 

Foundation Boxes: 

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

Planning and Carrying Out Investigations  
• Planning and carrying out investigations to answer questions 

or test solutions to problems in 3–5 builds on K–2 experiences 
and progresses to include investigations that control variables 
and provide evidence to support explanations or design 
solutions. 

System and System Models: 
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Disciplinary Core Idea (DCI) 

ETS1.B:  Developing Possible Solutions 
Tests are often designed to identify failure points or difficulties, which suggest the elements of the design that need to be improved. 

ETS1.C:  Optimizing the Design Solution 
Different solutions need to be tested in order to determine which of them best solves the problem, given the criteria and the constraints. 
 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Solar Car 
• Shatter a glass with your voice 
• A light bulb can be powered using the motion of a hamster wheel. 
 

Evidence Statements 

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

4.4.2.e   Plan and carry out fair tests in which variables are controlled and failure points are considered to identify aspects of a model or 
prototype that can be improved. 
1. Identifying the purpose of the investigation 

A. Students describe* the purpose of the investigation, which includes finding possible failure points or difficulties to identify 
aspects of a model or prototype that can be improved. 

2. Identifying the evidence to be address the purpose of the investigation 
A. Students describe* the evidence to be collected, including: 

• How well the model/prototype performs against the given criteria and constraints. 
• Specific aspects of the prototype or model that do not meet one or more of the criteria or constraints (i.e., failure 

points or difficulties).  
• Aspects of the model/prototype that can be improved to better meet the criteria and constraints.  

B. Students describe* how the evidence is relevant to the purpose of the investigation. 
3. Planning the investigation 

A. Students create a plan for the investigation that describes* different tests for each aspect of the criteria and constraints. 
For each aspect, students describe*: 

https://www.nap.edu/read/13165/chapter/12#206
https://www.nap.edu/read/13165/chapter/12#208
https://thewonderofscience.com/phenomenon/2018/7/8/solar-cars
https://thewonderofscience.com/phenomenon/2018/5/3/shatter-a-wine-glass-with-your-voice
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• The specific criterion or constraint to be used. 
• What is to be changed in each trial (the independent variable). 
• The outcome (dependent variable) that will be measured to determine success. 
• What tools and methods are to be used for collecting data. 
• What is to be kept the same from trial to trial to ensure a fair test. 

4. Collecting the data 
A. Students carry out the investigation, collecting and recording data according to the developed plan. 

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 to answer 
questions or test solutions to 
problems in K–2 builds on prior 
experiences and progresses to 
simple investigations, based on 
fair tests, which provide data to 
support explanations or design 
solutions. With guidance, plan 
and conduct an investigation 
in collaboration with peers (for 
K).  
• Plan and conduct an 

investigation collaboratively 
to produce data to serve as 
the basis for evidence to 
answer a question.  

Planning and carrying out 
investigations to answer 
questions or test solutions 
to problems in 3–5 builds 
on K–2 experiences and 
progresses to include 
investigations that control 
variables and provide 
evidence to support 
explanations or design 
solutions. 
• Plan and conduct an 

investigation 
collaboratively to 
produce data to serve 
as the basis for 
evidence, using fair 

Planning and carrying out 
investigations in 6-8 builds 
on K-5 experiences and 
progresses to include 
investigations that use 
multiple variables and 
provide evidence to 
support explanations or 
solutions.  
• Plan an investigation 

individually and 
collaboratively, and in 
the design: identify 
independent and 
dependent variables 
and controls, what tools 
are needed to do the 

Planning and carrying out investigations 
in 9-12 builds on K-8 experiences and 
progresses to include investigations that 
provide evidence for and test 
conceptual, mathematical, physical, 
and empirical models. 
• 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. 
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K-2 3-5 6-8 9-12 

•  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 on 
prior experiences. 

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 which 
better meets criteria for 
success. 

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

•  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 improve 
performance relative to criteria for 
success or other variables. 
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Crosscutting Concepts (CCCs): System and System Models 

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

In grades K-2, 
students 
understand 
objects and 
organisms can 
be described in 
terms of their 
parts; and 
systems in the 
natural and 
designed world 
have parts that 
work together. 

In grades 3-5, students 
understand that a 
system is a group of 
related parts that 
make up a whole and 
can carry out 
functions its individual 
parts cannot. They 
can also describe a 
system in terms of its 
components and their 
interactions. 

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

In grades 9-12, students can investigate or 
analyze a system by defining its boundaries 
and initial conditions, as well as its inputs and 
outputs. They can use models (e.g., physical, 
mathematical, computer models) to simulate 
the flow of energy, matter, and interactions 
within and between systems at different 
scales. They can also use models and 
simulations to predict the behavior of a system 
and recognize that these predictions have 
limited precision and reliability due to the 
assumptions and approximations inherent in 
the models. They can also design systems to 
do specific tasks. 

Disciplinary Core Ideas (DCIs): ETS1.B:  Developing Possible Solutions, ETS1.C:  Optimizing the Design Solution 

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

ETS1.B 
• Designs can be 

conveyed through 
sketches, drawings, or 
physical models. These 
representations are 
useful in 

ETS1.B 
• Research on a 

problem should be 
carried out before 
beginning to design a 
solution. Testing a 
solution involves 

ETS1.B 
• 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 
• When evaluating solutions, it is 

important to take into 
account a range of 
constraints, including cost, 
safety, reliability, and 
aesthetics, and to consider 

https://www.nap.edu/read/13165/chapter/12#206
https://www.nap.edu/read/13165/chapter/12#208
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K-2 3-5 6-8 9-12 

communicating ideas 
for a problem’s 
solutions to other 
people. (secondary to 
K.7.2.D)  

• Designs can be 
conveyed through 
sketches, drawings, or 
physical models. These 
representations are 
useful in 
communicating ideas 
for a problem’s 
solutions to other 
people. (1.6.2.B)  

• Designs can be 
conveyed through 
sketches, drawings, or 
physical models. These 
representations are 
useful in 
communicating ideas 
for a problem’s 
solutions to other 
people. (secondary to 
2.7.2.B) 

ETS1.C 
• Because there is 

always more than one 

investigating how well 
it performs under a 
range of likely 
conditions. (3.7.2.E)  

• At whatever stage, 
communicating with 
peers about 
proposed solutions is 
an important part of 
the design process, 
and shared ideas can 
lead to improved 
designs. (3.7.2.E)  

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

• Testing a solution 
involves investigating 
how well it performs 
under a range of likely 
conditions. 
(secondary to 
4.13.4.D) 

ETS1.C 

problem. (secondary to 6.4.1.A)  
• A solution needs to be tested, and 

then modified on the basis of the test 
results, in order to improve it. 
(secondary to7.5.2.C) · Sometimes 
parts of different solutions can be 
combined to create a solution that is 
better than any of its predecessors. 
(7.5.2.D)  

• There are systematic processes for 
evaluating solutions with respect to 
how well they meet the criteria and 
constraints of a problem. (secondary 
to 7.7.3.B)  

• There are systematic processes for 
evaluating solutions with respect to 
how well they meet the criteria and 
constraints of a problem. (7.7.3.C)  

• A solution needs to be tested, and 
then modified on the basis of the test 
results, in order to improve it. (8.1.1.B)  

• Models of all kinds are important for 
testing solutions. (8.1.1.B) 

ETS1.C 
• Although one design may not 

perform the best across all tests, 
identifying the characteristics of the 
design that performed the best in 
each test can provide useful 

social, cultural, and 
environmental impacts. 
(secondary to 
HS.7.2.E),(secondary to 
HS.7.2.F)  

• Both physical models and 
computers can be used in 
various 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. (HS.7.2.F)  

• 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. 
(HS.15.5.E) 
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K-2 3-5 6-8 9-12 

possible solution to a 
problem, it is useful to 
compare and test 
designs. (2.3.1.C)  

• Because there is 
always more than one 
possible solution to a 
problem, it is useful to 
compare and test 
designs. (secondary to 
2.13.3.B) 

• Different solutions 
need to be tested in 
order to determine 
which of them best 
solves the problem, 
given the criteria and 
the constraints. 
(secondary to 4.2.1.B)  

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

information for the redesign process—
that is, some of the characteristics 
may be incorporated into the new 
design. (7.5.2.D)  

• The iterative process of testing the 
most promising solutions and 
modifying what is proposed on the 
basis of the test results leads to 
greater refinement and ultimately to 
an optimal solution.(secondary to 
7.5.2.C)  

• The iterative process of testing the 
most promising solutions and 
modifying what is proposed on the 
basis of the test results leads to 
greater refinement and ultimately to 
an optimal solution. (8.1.1.B) 

ETS1.C 
• Criteria may need to be 

broken down into simpler 
ones that can be 
approached systematically, 
and decisions about the 
priority of certain criteria over 
others (trade-offs) may be 
needed. (secondary to 
HS.1.1.C)  

• Criteria may need to be 
broken down into simpler 
ones that can be 
approached systematically, 
and decisions about the 
priority of certain criteria over 
others (trade-offs) may be 
needed. (HS.5.5.E) 

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
Mathematics Connections: 

• 4.D.1.a Generate and represent data using line plots where the horizontal scale is marked off in appropriate units—whole 
numbers, halves, fourths, or eighths. 

• 4.A.1.d Determine the reasonableness of whole number products and quotients using estimations and number sense. 
• 4.A.1.e Create a simple algebraic expression or equation using a variable for an unknown number to represent an authentic 

mathematical situation (e.g., 3 + n = 15, 81 ÷ n = 9). 

Social Studies Connections: 
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Fine and Performing Arts Connections: 

Connection to other grade level indicators 

Authentic Connections to Other Content Standards: 

4th Topics Model Bundle 3.pdf (nextgenscience.org) 

SC.4.4.2.a, SC.4.4.2.c, SC.4.4.2.e 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• Fair test, variables, controlled variables, failure points, prototype, model, improve, plan, carry out, identify 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository 

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

Knowledge, Skills, and Abilities: 
• KSA1: Describe the evidence to be collected to determine how well the prototype performs against the given criteria and 

constraints. 
• KSA2: Describe the evidence to be collected to determine aspects of the prototype that can be improved to better meet 

the criteria and constraints. 
• KSA3: Create a plan for an investigation that describes the specific criterion and constraints to be tested. 
• KSA4: Create a plan for an investigation that includes the independent, dependent, and controlled variables to ensure a fair 

test to determine ways to improve a design solution. 
• KSA5: Create a plan for the investigation that includes the tools and methods for collecting data to identify ways to improve 

a design solution. 
• KSA6: Carry out an investigation to collect and record data according to a developed plan to identify ways to improve a 

design solution. 

https://www.nextgenscience.org/sites/default/files/4th%20Topics%20Model%20Bundle%203.pdf
https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/
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Standard: SC.4.4.2 Gather, analyze and communicate evidence of energy conservation and transfer.  

Energy is present whenever there are moving objects, sound, light, or heat. The faster a given object is moving, the more energy it 
possesses. When objects collide, energy can be transferred from one object to another causing the objects’ motions to change. 
Energy can also be transferred from place to place by electrical currents, heat, sound, or light. Devices can be designed to convert 
energy from one form to another. 

Indicator Code: SC.4.4.2.f 

Obtain and combine information to describe that energy and fuels are derived from natural resources and that their uses affect the 
environment. Examples of renewable energy resources could include wind energy, water behind dams, and sunlight; non-renewable 
energy resources are fossil fuels and fissile materials. Examples of environmental effects could include loss of habitat due to dams, loss 
of habitat due to surface mining, and air pollution from burning of fossil fuels.  

NGSS Comparison: 4-ESS3-1 

Other Indicators in this Standard 

SC.4.4.2.a, SC.4.4.2.b, SC.4.4.2.c, SC.4.4.2.d, SC.4.4.2.e 

Concepts and Skills to Master 

Foundation Boxes: 
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Disciplinary Core Idea (DCI) 

ESS3.A:  Natural Resources  

Energy and fuels that humans use are derived from natural sources, and their use affects the environment in multiple ways. Some 
resources are renewable over time, and others are not. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Solar panels on a house or business 
• Wind turbines producing energy 
• Solar panel “farms” 
• Solar Oven 

 

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

Obtaining, Evaluating, and Communicating Information 
• Obtaining, evaluating, and communicating 

information in 3–5 builds on K–2 experiences and 
progresses to evaluate the merit and accuracy of 
ideas and methods. 

Cause and Effect  
• Cause and effect relationships are routinely identified and used 

to explain change. 

Connections to Engineering, Technology, and Applications of Science 

Interdependence of Science, Engineering, and Technology 
• Knowledge of relevant scientific concepts and research findings 

is important in engineering. 

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

• Over time, people’s needs and wants change, as do their 
demands for new and improved technologies. 

https://www.nap.edu/read/13165/chapter/11?term=ESS3.A#192
http://nstahosted.org/pdfs/ngss/20130509/AppendixJ-ScienceTechnologySocietyAndTheEnvironment_0.pdf
http://nstahosted.org/pdfs/ngss/20130509/AppendixJ-ScienceTechnologySocietyAndTheEnvironment_0.pdf
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Evidence Statements 

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

4.4.2.f   Obtain and combine information to describe that energy and fuels are derived from natural resources and that their uses affect 
the environment. 
1. Obtaining information 

A. Students gather information from books and other reliable media about energy resources and fossil fuels (e.g., fossil fuels, 
solar, wind, water, nuclear), including: 
• How they are derived from natural sources (e.g., which natural resource they are derived from) [note: mechanisms 

should be limited to grade appropriate descriptions*, such as comparing the different ways energy resources are 
each derived from a natural resource). 

• How they address human energy needs. 
• The positive and negative environmental effects of using each energy resource. 

2. Evaluating information 
A. Students combine the obtained information to provide evidence about: 

• The effects on the environment of using a given energy resource. 
• Whether the energy resource is renewable. 
• The role of technology, including new and improved technology, in improving or mediating the environmental effects 

of using a given resource. 
3. Communicating information 

A. Students use the information they obtained and combined to describe* the causal relationships between: 
• Energy resources and the environmental effects of using that energy source. 
• The role of technology in extracting and using an energy resource. 

Critical Background Knowledge 

Grade Band Progressions:  

Science and Engineering Practices (SEPs): Obtaining, Evaluating, and Communicating Information 
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K-2 3-5 6-8 9-12 

Obtaining, evaluating, and 
communicating information 
in K–2 builds on prior 
experiences and uses 
observations and texts to 
communicate new 
information.  
• Read grade-appropriate 

texts and/or use media to 
obtain scientific and/or 
technical information to 
determine patterns in 
and/or evidence about 
the natural and designed 
world(s).  

• Describe how specific 
images (e.g., a diagram 
showing how a machine 
works) support a scientific 
or engineering idea.  

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

Obtaining, evaluating, and 
communicating information in 
3–5 builds on K–2 experiences 
and progresses to evaluating 
the merit and accuracy of 
ideas and methods.  
• Read and comprehend 

grade appropriate complex 
texts and/or other reliable 
media to summarize and 
obtain scientific and 
technical ideas and 
describe how they are 
supported by evidence.  

• Compare and/or combine 
across complex texts and/or 
other reliable media to 
support the engagement in 
other scientific and/or 
engineering practices. 

•  Combine information in 
written text with that 
contained in corresponding 
tables, diagrams, and/or 
charts to support the 
engagement in other 
scientific and/or 
engineering practices.  

•  Obtain and combine 

Obtaining, evaluating, and 
communicating information in 
6–8 builds on K–5 experiences 
and progresses to evaluating 
the merit and validity of ideas 
and methods.  
• Critically read scientific texts 

adapted for classroom use 
to determine the central 
ideas and/or obtain scientific 
and/or technical information 
to describe patterns in 
and/or evidence about the 
natural and designed 
world(s).  

• Integrate qualitative and/or 
quantitative scientific and/or 
technical information in 
written text with that 
contained in media and 
visual displays to clarify 
claims and findings. 

• Gather, read, and synthesize 
information from multiple 
appropriate sources and 
assess the credibility, 
accuracy, and possible bias 
of each publication and 
methods used, and describe 

Obtaining, evaluating, and 
communicating information in 
6–8 builds on K–5 experiences 
and progresses to evaluating 
the merit and validity of ideas 
and methods.  
• Critically read scientific texts 

adapted for classroom use 
to determine the central 
ideas and/or obtain scientific 
and/or technical information 
to describe patterns in 
and/or evidence about the 
natural and designed 
world(s).  

• Integrate qualitative and/or 
quantitative scientific and/or 
technical information in 
written text with that 
contained in media and 
visual displays to clarify 
claims and findings.  

• Gather, read, and synthesize 
information from multiple 
appropriate sources and 
assess the credibility, 
accuracy, and possible bias 
of each publication and 
methods used, and describe 
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K-2 3-5 6-8 9-12 

claim.  
• Communicate information 

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

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

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

how they are supported or 
not supported by evidence.  

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

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

how they are supported or 
not supported by evidence.  

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

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

Crosscutting Concepts (CCCs): Cause and Effect  

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

Cause and Effect- In 
grades K-2, students 
learn that events 
have causes that 
generate observable 
patterns. They design 
simple tests to gather 
evidence to support 
or refute their own 
ideas about causes. 

Cause and Effect- In 
grades 3-5, students 
routinely identify and test 
causal relationships and 
use these relationships to 
explain change. They 
understand events that 
occur together with 
regularity might or might 
not signify a cause and 
effect relationship. 

Cause and Effect- In grades 6-8, 
students classify relationships as 
causal or correlational and 
recognize that correlation does not 
necessarily imply causation. They 
use cause and effect relationships 
to predict phenomena in natural or 
designed systems. They also 
understand that phenomena may 
have more than one cause, and 
some cause and effect relationships 

Cause and Effect- In grades 9-12, students 
understand that empirical evidence is 
required to differentiate between cause 
and correlation and to make claims about 
specific causes and effects. They suggest 
cause and effect relationships to explain 
and predict behaviors in complex natural 
and designed systems. They also propose 
causal relationships by examining what is 
known about smaller scale mechanisms 
within the system. They recognize changes 
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K-2 3-5 6-8 9-12 

in systems can only be described 
using probability. 

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

Disciplinary Core Ideas (DCIs): ESS3.A:  Natural Resources  

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

Plants and animals can change their 
local environment. 

Living things need water, air, and 
resources from the land, and they live 
in places that have the things they 
need. Humans use natural resources 
for everything they do. 

Energy and fuels humans 
use are derived from 
natural sources and their 
use affects the 
environment. Some 
resources are renewable 
over time, others are not. 

Humans depend on Earth’s land, 
ocean, atmosphere, and 
biosphere for different resources, 
many of which are limited or not 
renewable. Resources are 
distributed unevenly around the 
planet as a result of past geologic 
processes. 

Resource availability has 
guided the development 
of human society and 
use of natural resources 
has associated costs, 
risks, and benefits. 

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA.4.RP.6 Explain what the text says explicitly and draw inferences when asking or answering questions, quoting or 

paraphrasing specific evidence from the text as appropriate. 
• LA.4.RI.6 Explain what the text says explicitly and draw inferences when asking or answering questions, quoting or 

paraphrasing specific evidence from the text as appropriate. 
• LA.4.RP.8 Read and comprehend a wide range of literary texts of appropriate complexity for Grade 4 independently and 

proficiently. 
• LA.4.RI.8 Read and comprehend a wide range of informational texts of appropriate complexity for Grade 4 independently 

and proficiently. 
• LA.4.W.6.b Identify print and digital tools to gather information and evidence. 
• LA.4.W.4.b Use facts and details to support reasons and/or evidence. 

https://www.nap.edu/read/13165/chapter/11?term=ESS3.A#192
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• LA.4.W.6.a Paraphrase information and evidence to support ideas while avoiding plagiarism. 
• LA.4.W.6.d Demonstrate academic integrity by avoiding overreliance on any one source and referencing sources in writing 

and speaking; provide a list of sources. 
• LA.4.SL.2e. Use appropriate visual and/or digital tools to enhance verbal communication and add interest 
• LA.4.W.2.e Use appropriate print and digital/multimedia tools to produce, enhance, and/or publish writing individually or in 

collaboration with peers. 
• LA.4.SL.2 Report on a topic or text, tell a story, or recount an experience in an organized manner with appropriate facts and 

relevant, descriptive details to support themes or central ideas.  
• LA.4.SL.2.a. Demonstrate appropriate speaking techniques (e.g., appropriate eye contact, adequate volume, clear 

pronunciation) for a variety of purposes and situations, including interpreting 4th grade texts.  
• LA.4.SL.2b. Convey a perspective with clear reasoning and support.  
• LA.4.SL.2c. Identify the purpose and credibility of information being presented.  
• LA.4.W.6.a Paraphrase information and evidence to support ideas while avoiding plagiarism. 
• LA.4.W.6.d Demonstrate academic integrity by avoiding overreliance on any one source and referencing sources in writing 

and speaking; provide a list of sources. 

Mathematics Connections: 
• 4.A.1.d Determine the reasonableness of whole number products and quotients using estimations and number sense. 
• 4.D.1.a Generate and represent data using line plots where the horizontal scale is marked off in appropriate units—whole 

numbers, halves, fourths, or eighths.  
• 4.D.2 Analyze Data and Interpret Results: Students will analyze the data and interpret the results.  
• 4.D.2.a Solve authentic problems and analyze data involving addition or subtraction of fractions presented in line plots. 

Social Studies Connections: 

Fine and Performing Arts Connections: 

Connection to other grade level indicators 

Authentic Connections to Other Content Standards: 

4th Topics Model Bundle 5.pdf (nextgenscience.org) 

SC.4.2.1.a, SC.4.13.4.c, SC.4.4.2.a, SC.4.13.4.d, SC.4.4.2.e 

https://www.nextgenscience.org/sites/default/files/4th%20Topics%20Model%20Bundle%205.pdf
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Academic Language Development  

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• environment, conserve, resources, evaluate, problem, proposed solutions, criteria, constraints, data, optimal solution 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository 

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

Knowledge, Skills, and Abilities: 
• KSA1: Obtain information from books or other reliable resources (media sources) about energy resources and fossil fuels. 
• KSA2: Obtain information from media sources that address human energy needs. 
• KSA3: Compare or combine information from media sources to describe how energy and fuels come from natural resources.  
• KSA4: Identify natural resources used for energy and describe whether the energy resource is renewable. 
• KSA5: Gather and combine obtained information to provide evidence about the effects on the environment of using an 

energy source.   
• KSA6: Use information obtained and combined to describe the causal relationships between energy resources and 

environmental effects of using the source 
• KSA7: Use cause and effect patterns to describe how energy and fuel used from natural resources affects the environment. 

https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/
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Topic: SC.4.6 Structure, Function, and Information Processing 
Standard: SC.4.6.3 Gather and analyze data to communicate an understanding of structure, function and 
information processing of living things.  

 Through the study of organisms, inferences can be made about environments both past and present. Plants and animals have both 
internal and external structures that serve various functions for growth, survival, behavior, and reproduction. Animals use different sense 
receptors specialized for particular kinds of information to understand and respond to their environment. Some kinds of plants and 
animals that once lived on Earth can no longer be found. However, fossils from these organisms provide evidence about the types of 
organisms that lived long ago and the nature of their environments. Additionally, the presence and location of certain fossil types 
indicate changes that have occurred in environments over time. 

Indicator Code: SC.4.6.3.a 

Develop a model to describe that light reflecting from objects and entering the eyes allows objects to be seen. Assessment does not 
include knowledge of specific colors reflected and seen, the cellular mechanisms of vision, or how the retina works. 

NGSS Comparison: 4-PS4-2 

Other Indicators in this Standard 

SC.4.6.3.b, SC.4.6.3.c 

Concepts and Skills to Master 

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

Developing and Using Models 
• Modeling in 3–5 builds on K–2 experiences and progresses 

to building and revising simple models and using models to 
represent events and design solutions. 

Cause and Effect 
• Cause and effect relationships are routinely identified.  

 

 

Disciplinary Core Idea (DCI) 

PS4.B:  Electromagnetic Radiation  
• An object can be seen when light reflected from its surface enters the eyes. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Standing in front of a mirror, you can see objects that are behind you.  
• The surface of a lake is very still. The reflection of a tree on the bank can be seen on the lake’s surface. 
• Words written in red ink on a white paper cannot be seen when the only light source is red.  

Evidence Statements 

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

4.6.3.a   Develop a model to describe that light reflecting from objects and entering the eyes allows objects to be seen. 
1. Components of the model 

A. Students develop a model to make sense of a phenomenon involving the relationship between light reflection and 
visibility of objects. In the model, students identify the relevant components, including: 
• Light (including the light source).  
• Objects. 
• The path that light follows. 
• The eye. 

2. Relationships 
A. Students identify and describe* causal relationships between the components, including: 

https://www.nap.edu/read/13165/chapter/9?term=PS4.A#133
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• Light enters the eye, allowing objects to be seen. 
• Light reflects off of objects, and then can travel and enter the eye. 
• Objects can be seen only if light follows a path between a light source, the object, and the eye. 

3. Connections 
A. Students use the model to describe* that in order to see objects that do not produce their own light, light must reflect off 
the object and into the eye. 
B. Students use the model to describe* the effects of the following on seeing an object: 

• Removing, blocking, or changing the light source (e.g., a dimmer light). 
• Closing the eye. 
• Changing the path of the light (e.g., using mirrors to direct the path of light to allow the visualization of a previously 

unseen object or to change the position in which the object can be seen, using an opaque or translucent barrier 
between 1) the light source and the object or 2) the object and the eye to change the path light follows and the 
visualization of the object). 

Critical Background Knowledge 

Grade Band Progressions:  

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

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

Modeling in K–2 builds on 
prior experiences and 
progresses to include 
using and developing 
models (i.e., diagram, 
drawing, physical replica, 
diorama, dramatization, 
or storyboard) that 
represent concrete 
events or design solutions. 
Distinguish between a 

Modeling in 3–5 builds on K–2 
experiences and progresses 
to building and revising 
simple models and using 
models to represent events 
and design solutions.  
• Identify limitations of 

models.   
• Collaboratively develop 

and/or revise a model 
based on evidence that 

Modeling in 6–8 builds on K–5 
experiences and progresses to 
developing, using, and revising 
models to describe, test, and 
predict more abstract 
phenomena and design systems.  
• 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 

Modeling in 9–12 builds on K–8 
experiences and progresses to using, 
synthesizing, and developing models 
to predict and show relationships 
among variables between systems 
and their components in the natural 
and designed worlds.  
• Evaluate merits and limitations of 

two different models of the same 
proposed tool, process, 
mechanism or system in order to 
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K-2 3-5 6-8 9-12 

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. 

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 functioning of a 
natural or designed 
system. 

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 representing inputs and 
outputs, and those at 
unobservable scales. 

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, 
and/or solve problems. 

Crosscutting Concepts (CCCs): Cause and Effect  



  SC.4.6.3.a  86 

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

Cause and Effect- In 
grades K-2, students 
learn that events have 
causes that generate 
observable patterns. 
They design simple 
tests to gather 
evidence to support or 
refute their own ideas 
about causes. 

Cause and Effect- In 
grades 3-5, students 
routinely identify and test 
causal relationships and 
use these relationships to 
explain change. They 
understand events that 
occur together with 
regularity might or might 
not signify a cause and 
effect relationship. 

Cause and Effect- In grades 6-8, 
students classify relationships as 
causal or correlational and 
recognize that correlation does not 
necessarily imply causation. They use 
cause and effect relationships to 
predict phenomena in natural or 
designed systems. They also 
understand that phenomena may 
have more than one cause, and 
some cause and effect relationships 
in systems can only be described 
using probability. 

Cause and Effect- In grades 9-12, 
students understand that empirical 
evidence is required to differentiate 
between cause and correlation and to 
make claims about specific causes and 
effects. They suggest cause and effect 
relationships to explain and predict 
behaviors in complex natural and 
designed systems. They also propose 
causal relationships by examining what is 
known about smaller scale mechanisms 
within the system. They recognize 
changes in systems may have various 
causes that may not have equal effects. 

Disciplinary Core Ideas (DCIs): PS4.B:  Electromagnetic Radiation  

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

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

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

Patterns can encode, send, 
receive and decode information. 

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

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: 

https://www.nap.edu/read/13165/chapter/9?term=PS4.A#133
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• LA.4.SL.2e. Use appropriate visual and/or digital tools to enhance verbal communication and add interest. 
• LA.4.RI.8 Read and comprehend a wide range of informational texts of appropriate complexity for Grade 4 independently 

and proficiently. 

Mathematics Connections: 
• 4.G.1.b Justify the classification of angles as acute, obtuse, or right. 
• 4.G.1.c Justify the classification of two-dimensional shapes based on the presence or absence of parallel and perpendicular 

lines, or the presence or absence of specific angles. 
• 4.G.1.d Recognize, draw, and justify lines of symmetry in two-dimensional shapes. 

Social Studies Connections: 
• SS 3.3.2.c Explain how and why places and regions change over time. 
• SS 3.3.3.a Describe how the environment influences human activities and how humans alter the environment to suit their 

needs. 

Fine and Performing Arts Connections: 

Connection to other grade level indicators 

Authentic Connections to Other Content Standards: 

4th Topics Model Bundle 1.pdf (nextgenscience.org) 

SC.4.6.3.a, SC.4.6.3.b, SC.4.6.3.c, SC.4.4.2.e 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• energy, light waves, light source, path of light, reflect, surface 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository 

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

https://www.nextgenscience.org/sites/default/files/4th%20Topics%20Model%20Bundle%201.pdf
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 the relevant components of a model that explains the phenomenon involving the relationship between light 

reflection and visibility of objects.  
• KSA2:  Develop a model to describe that in order to be seen, light must reflect off objects that don’t make their own light and 

enter the eyes. 
• KSA3:  Use a given model to explain that light reflects from objects that don’t produce their own light and enters the eyes 

allowing objects to be seen. 
• KSA4:  Develop or use a given model to predict how changing the amount of light reflecting from an object will affect the 

visibility of the object. 
• KSA5: Develop or use a given model to predict how changing the path that light follows between a light source, the object, 

and the eye affects the visibility of the object. 
• KSA6: Identify and describe causal relationships between light reflection and visibility of objects. 
• KSA7: Develop or use a given model to predict how using an opaque or translucent barrier between the light source and 

object or eyes affects seeing the object. 
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Standard: SC.4.6.3 Gather and analyze data to communicate an understanding of structure, function and 
information processing of living things.  

Through the study of organisms, inferences can be made about environments both past and present. Plants and animals have both 
internal and external structures that serve various functions for growth, survival, behavior, and reproduction. Animals use different sense 
receptors specialized for particular kinds of information to understand and respond to their environment. Some kinds of plants and 
animals that once lived on Earth can no longer be found. However, fossils from these organisms provide evidence about the types of 
organisms that lived long ago and the nature of their environments. Additionally, the presence and location of certain fossil types 
indicate changes that have occurred in environments over time. 

Indicator Code: SC.4.6.3.b 

Construct an argument that plants and animals have internal and external structures that function to support survival, growth, behavior, 
and reproduction. Examples of structures could include thorns, stems, roots, colored petals, heart, stomach, lung, brain, and skin. 
Assessment is limited to macroscopic structures within plant and animal systems.  

NGSS Comparison: 4-LS1-1 

Other Indicators in this Standard 

SC.4.6.3.a, SC.4.6.3.c 

Concepts and Skills to Master 

Foundation Boxes: 

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

Engaging in Argument from Evidence 
• Engaging in argument from evidence in 3–5 builds on K–2 

experiences and progresses to critiquing the scientific 
explanations or solutions proposed by peers by citing 
relevant evidence about the natural and designed world(s). 

Systems and System Models 
• A system can be described in terms of its components 

and their interactions. 

 



  SC.4.6.3.b  90 

 

Disciplinary Core Idea (DCI) 

LS1.A:  Structure and Function 
• Plants and animals have both internal and external structures that serve various functions in growth, survival, behavior, and 

reproduction. 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Why do sunflowers follow the sun? 
• Air plants, no soil needed 
• Desert beetle harvests water 
• Polar bears are actually black 

 

Evidence Statements 

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

4.6.3.b   Construct an argument that plants and animals have internal and external structures that function to support survival, growth, 
behavior, and reproduction. 
1. Supported claims 

A. Students make a claim to be supported about a phenomenon. In the claim, students include the idea that plants and 
animals have internal and external structures that function together as part of a system to support survival, growth, 
behavior, and reproduction. 

2. Identifying scientific evidence 
A. Students describe* the given evidence, including: 

• The internal and external structures of selected plants and animals.  
• The primary functions of those structures 

3. Evaluating and critiquing evidence 
A. Students determine the strengths and weaknesses of the evidence, including whether the evidence is relevant and 
sufficient to support a claim about the role of internal and external structures of plants and animals in supporting survival, growth, 
behavior, and/or reproduction. 

4. Reasoning and synthesis 

https://www.nap.edu/read/13165/chapter/10#143
https://thewonderofscience.com/phenomenon/2018/6/15/why-do-sunflowers-follow-the-sun
https://thewonderofscience.com/phenomenon/2018/5/13/air-plants-no-soil-needed
https://thewonderofscience.com/phenomenon/2018/7/11/desert-beetle-harvests-water
https://thewonderofscience.com/phenomenon/2018/5/3/polar-bears-are-actually-black
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A. Students use reasoning to connect the relevant and appropriate evidence and construct an argument that includes the 
idea that plants and animals have structures that, together, support survival, growth, behavior, and/or reproduction. 
Students describe* a chain of reasoning that includes: 
• Internal and external structures serve specific functions within plants and animals (e.g., the heart pumps blood to the 

body, thorns discourage predators). 
• The functions of internal and external structures can support survival, growth, behavior, and/or reproduction in plants 

and animals (e.g., the heart pumps blood throughout the body, which allows the entire body access to oxygen and 
nutrients; thorns prevent predation, which allows the plant to grow and reproduce). 

• Different structures work together as part of a system to support survival, growth, behavior, and/or reproduction (e.g., 
the heart works with the lungs to carry oxygenated blood throughout the system; thorns protect the plant, allowing 
reproduction via stamens and pollen to occur). 

Critical Background Knowledge 

Grade Band Progressions:  

Science and Engineering Practices (SEPs): Engaging in Argument from Evidence 

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

Engaging in argument 
from evidence in K–2 
builds on prior 
experiences and 
progresses to comparing 
ideas and 
representations about 
the natural and designed 
world(s). Identify 
arguments that are 
supported by evidence. 
Distinguish between 
explanations that 
account for all gathered 

Engaging in argument from 
evidence in 3–5 builds on 
K–2 experiences and 
progresses to critiquing the 
scientific explanations or 
solutions proposed by 
peers by citing relevant 
evidence about the 
natural and designed 
world(s). Compare and 
refine arguments based on 
an evaluation of the 
evidence presented.  

Engaging in argument from 
evidence in 3–5 builds on K–2 
experiences and progresses to 
critiquing the scientific 
explanations or solutions 
proposed by peers by citing 
relevant evidence about the 
natural and designed world(s). 
 Compare and refine 
arguments based on an 
evaluation of the evidence 
presented.  

Engaging in argument from evidence in 9–
12 builds on K–8 experiences and 
progresses to using appropriate and 
sufficient evidence and scientific 
reasoning to defend and critique claims 
and explanations about the natural and 
designed world(s). Arguments may also 
come from current scientific or historical 
episodes in science.  

• Compare and evaluate competing 
arguments or design solutions in light of 
currently accepted explanations, new 
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evidence and those that 
do not.  

• Analyze why some 
evidence is relevant 
to a scientific question 
and some is not.  

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

• Listen actively to 
arguments to indicate 
agreement or 
disagreement based 
on evidence, and/or 
to retell the main 
points of the 
argument.   

• Construct an 
argument with 
evidence to support a 
claim.  

• Make a claim about 
the effectiveness of 
an object, tool, or 
solution that is 
supported by relevant 
evidence. 

 

• Distinguish among facts, 
reasoned judgment 
based on research 
findings, and 
speculation in an 
explanation.  

•  Respectfully provide 
and receive critiques 
from peers about a 
proposed procedure, 
explanation, or model 
by citing relevant 
evidence and posing 
specific questions.  

• Construct and/or 
support an argument 
with evidence, data, 
and/or a model.  

• Use data to evaluate 
claims about cause 
and effect.  

• Make a claim about 
the merit of a solution to 
a problem by citing 
relevant evidence 
about how it meets the 
criteria and constraints 
of the problem. 

• Distinguish among facts, 
reasoned judgment based 
on research findings, and 
speculation in an 
explanation.  

•  Respectfully provide and 
receive critiques from peers 
about a proposed 
procedure, explanation, or 
model by citing relevant 
evidence and posing 
specific questions.  

•  Construct and/or support 
an argument with 
evidence, data, and/or a 
model.  

• Use data to evaluate 
claims about cause and 
effect.  

• Make a claim about the 
merit of a solution to a 
problem by citing relevant 
evidence about how it 
meets the criteria and 
constraints of the problem. 

• Evaluate competing design 
solutions based on jointly 
developed and agreed-
upon design criteria. 

evidence, limitations (e.g., trade-offs), 
constraints, and ethical issues.  

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

• Respectfully provide and/or receive 
critiques on scientific arguments by 
probing reasoning and evidence, 
challenging ideas and conclusions, 
responding thoughtfully to diverse 
perspectives, and determining 
additional information required to 
resolve contradictions.  

• Construct, use, and/or present an oral 
and written argument or 
counterarguments based on data and 
evidence.  

• Make and defend a claim based on 
evidence about the natural world or 
the effectiveness of a design solution 
that reflects scientific knowledge and 
student-generated evidence.  

• Evaluate competing design solutions to 
a real-world problem based on 
scientific ideas and principles, 
empirical evidence, and/or logical 
arguments regarding relevant factors 
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K-2 3-5 6-8 9-12 

(e.g. economic, societal, 
environmental, ethical considerations). 

 

Crosscutting Concepts (CCCs): Systems and System Models 

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

In grades K-2, 
students 
understand 
objects and 
organisms can be 
described in terms 
of their parts; and 
systems in the 
natural and 
designed world 
have parts that 
work together. 

In grades 3-5, 
students 
understand that a 
system is a group of 
related parts that 
make up a whole 
and can carry out 
functions its 
individual parts 
cannot. They can 
also describe a 
system in terms of its 
components and 
their interactions. 

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

In grades 9-12, students can investigate or 
analyze a system by defining its boundaries and 
initial conditions, as well as its inputs and outputs. 
They can use models (e.g., physical, 
mathematical, computer models) to simulate the 
flow of energy, matter, and interactions within 
and between systems at different scales. They 
can also use models and simulations to predict 
the behavior of a system and recognize that 
these predictions have limited precision and 
reliability due to the assumptions and 
approximations inherent in the models. They can 
also design systems to do specific tasks. 

Disciplinary Core Ideas (DCIs): LS1.A:  Structure and Function 

https://www.nap.edu/read/13165/chapter/10#143
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K-2 3-5 6-8 9-12 

All organisms have 
external parts that 
they use to 
perform daily 
functions. 

Organisms have both 
internal and external 
macroscopic structures that 
allow for growth, survival, 
behavior, and reproduction. 

All living things are made up 
of cells. In organisms, cells 
work together to form tissues 
and organs that are 
specialized for particular body 
functions. 

Systems of specialized cells within organisms 
help perform essential functions of life. Any one 
system in an organism is made up of numerous 
parts. Feedback mechanisms maintain an 
organism’s internal conditions within certain 
limits and mediate behaviors. 

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA.4.RP.6 Explain what the text says explicitly and draw inferences when asking or answering questions, quoting or 

paraphrasing specific evidence from the text as appropriate. 
• LA.4.RI.6 Explain what the text says explicitly and draw inferences when asking or answering questions, quoting or 

paraphrasing specific evidence from the text as appropriate. 
• LA.4.RP.8 Read and comprehend a wide range of literary texts of appropriate complexity for Grade 4 independently and 

proficiently. 
• LA.4.RI.8 Read and comprehend a wide range of informational texts of appropriate complexity for Grade 4 independently 

and proficiently. 
• LA.4.W.5.a  Introduce a topic clearly and group related information into paragraphs and sections including text features, 

illustrations, and/or multimedia elements. 
• LA.4.W.5.b Develop the topic with information (e.g. facts, definitions, details, quotations) related to the topic. 
• LA.4.W.5.c Use linking words and phrases and key vocabulary to connect ideas and categories of information. 
• LA.4.W.5.d Provide a concluding statement or section related to the information or explanation(s). 
• LA.4.SL.2 Report on a topic or text, tell a story, or recount an experience in an organized manner with appropriate facts and 

relevant, descriptive details to support themes or central ideas.  

Mathematics Connections: 
• 4.G.1.b Justify the classification of angles as acute, obtuse, or right. 
• 4.G.1.c Justify the classification of two-dimensional shapes based on the presence or absence of parallel and perpendicular 

lines, or the presence or absence of specific angles. 
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• 4.G.1.d Recognize, draw, and justify lines of symmetry in two-dimensional shapes. 

Social Studies Connections: 

Fine and Performing Arts Connections: 

Connection to other grade level indicators 

Authentic Connections to Other Content Standards: 

4th Topics Model Bundle 1.pdf (nextgenscience.org) 

SC.4.6.3.a, SC.4.6.3.b, SC.4.6.3.c, SC.4.4.2.e 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• organism, internal, external, structure, function, survival, growth, behavior, reproduction, variation 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository 

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

Knowledge, Skills, and Abilities: 
• KSA1: Describe evidence that plants and animals have internal and external structures. 
• KSA2: Describe the function of plants’ internal or external structures using provided evidence and how each affects survival, 

growth, behavior, and/or reproduction. 
• KSA3: Describe the function of animals’ internal or external structures using provided evidence and how each affects 

survival, growth, behavior, and/or reproduction. 
• KSA4: Identify relevant evidence to support the claim that plants and animals have internal and external structures. 
• KSA5: Make, or use, a claim that different structures work together as a system to support survival, growth, behavior, and/or 

reproduction. 
• KSA6: Support an argument with data/observations/model that plants and animals have internal and external structures that 

https://www.nextgenscience.org/sites/default/files/4th%20Topics%20Model%20Bundle%201.pdf
https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/
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function to support survival, growth, behavior, and/or reproduction. 
• KSA7: Construct an argument with relevant data/observations/model that plants and animals have internal and external 

structures that function to support survival, growth, behavior, and/or reproduction. 
• KSA8: Determine the strengths and weaknesses of evidence to support an argument that plants and animals have internal 

and external structures that support survival, growth, behavior, and/or reproduction. 
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Standard: SC.4.6.3 Gather and analyze data to communicate an understanding of structure, function and 
information processing of living things.  

Through the study of organisms, inferences can be made about environments both past and present. Plants and animals have both 
internal and external structures that serve various functions for growth, survival, behavior, and reproduction. Animals use different sense 
receptors specialized for particular kinds of information to understand and respond to their environment. Some kinds of plants and 
animals that once lived on Earth can no longer be found. However, fossils from these organisms provide evidence about the types of 
organisms that lived long ago and the nature of their environments. Additionally, the presence and location of certain fossil types 
indicate changes that have occurred in environments over time. 

Indicator Code: SC.4.6.3.c 

Use a model to describe that animals receive different types of information through their senses, process the information in their brain, 
and respond to the information. Emphasis is on systems of information transfer. Assessment does not include the mechanisms by which 
the brain stores and recalls information or the mechanisms of how sensory receptors function. 

NGSS Comparison: 4-LS1-2 

Other Indicators in this Standard 

SC.4.6.3.a, SC.4.6.3.b 

Concepts and Skills to Master 

Foundation Boxes: 

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

Developing and Using Models 
• Modeling in 3–5 builds on K–2 experiences and progresses 

to building and revising simple models and using models to 
represent events and design solutions. 

Systems and System Models 
• A system can be described in terms of its components and 

their interactions. 
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Disciplinary Core Idea (DCI) 

LS1.D:  Information Processing 
• Different sense receptors are specialized for particular kinds of information, which may be then processed by the animal’s 

brain. Animals are able to use their perceptions and memories to guide their actions.  

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Mysterious glowing ball 
• Screw caravan 
• Can prairie dogs talk? 

 

Evidence Statements 

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

4.6.3.c   Use a model to describe that animals receive different types of information through their senses, process the information in their 
brain, and respond to the information. 
1. Components of the model 

A. From a given model, students identify and describe* the relevant components for testing interactions concerning the 
functioning of a given natural system, including: 
• Different types of information about the surroundings (e.g., sound, light, odor, temperature). 
• Sense receptors able to detect different types of information from the environment. 
• Brain. 
• Animals’ actions. 

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

• Different types of sense receptors detect specific types of information within the environment. 
• Sense receptors send information about the surroundings to the brain. 
• Information that is transmitted to the brain by sense receptors can be processed immediately as perception of the 

environment and/or stored as memories. 
• Immediate perceptions or memories processed by the brain influence an animal’s action or responses to features in 

https://www.nap.edu/read/13165/chapter/10#148
https://thewonderofscience.com/phenomenon/2018/7/9/mysterious-glowing-ball
https://thewonderofscience.com/phenomenon/2018/7/5/shrew-caravan
https://thewonderofscience.com/phenomenon/2018/5/13/can-prairie-dogs-talk
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the environment.  
3. Connections 

A. Students use the model to describe* that: 
• Information in the environment interacts with animal behavioral output via interactions mediated by the brain. 
• Different types of sensory information are relayed to the brain via different sensory receptors, allowing experiences to 

be perceived, stored as memories, and influence behavior (e.g., an animal sees a brown, rotten fruit and smells a bad 
odor — this sensory information allows the animal to use information about other fruits that appear to be rotting to 
make decisions about what to eat; an animal sees a red fruit and a green fruit — after eating them both, the animal 
learns that the red fruit is sweet and the green fruit is bitter and then uses this sensory information, perceived and 
stored as memories, to guide fruit selection next time). 

• Sensory input, the brain, and behavioral output are all parts of a system that allow animals to engage in appropriate 
behaviors.  

B. Students use the model to test interactions involving sensory perception and its influence on animal behavior within a 
natural system, including interactions between: 
• Information in the environment. 
• Different types of sense receptors. 
• Perception and memory of sensory information. 
• Animal behavior. 

Critical Background Knowledge 

Grade Band Progressions:  

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

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

Modeling in K–2 builds 
on prior experiences 
and progresses to 
include using and 
developing models (i.e., 
diagram, drawing, 

Modeling in 3–5 builds on K–2 
experiences and progresses 
to building and revising 
simple models and using 
models to represent events 
and design solutions.  

Modeling in 6–8 builds on K–5 
experiences and progresses to 
developing, using, and revising 
models to describe, test, and 
predict more abstract phenomena 
and design systems.  

Modeling in 9–12 builds on K–8 
experiences and progresses to using, 
synthesizing, and developing models 
to predict and show relationships 
among variables between systems 
and their components in the natural 
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physical replica, 
diorama, dramatization, 
or storyboard) that 
represent concrete 
events or design 
solutions. 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 functioning of a 
natural or designed 
system. 

• 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 representing inputs and 
outputs, and those at 
unobservable scales. 

and designed worlds.  
• 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, 
and/or solve problems. 
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Crosscutting Concepts (CCCs): Systems and System Models 

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

In grades K-2, 
students 
understand 
objects and 
organisms can be 
described in terms 
of their parts; and 
systems in the 
natural and 
designed world 
have parts that 
work together. 

In grades 3-5, students 
understand that a 
system is a group of 
related parts that make 
up a whole and can 
carry out functions its 
individual parts cannot. 
They can also describe a 
system in terms of its 
components and their 
interactions. 

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

In grades 9-12, students can investigate or 
analyze a system by defining its boundaries 
and initial conditions, as well as its inputs and 
outputs. They can use models (e.g., physical, 
mathematical, computer models) to simulate 
the flow of energy, matter, and interactions 
within and between systems at different scales. 
They can also use models and simulations to 
predict the behavior of a system and 
recognize that these predictions have limited 
precision and reliability due to the assumptions 
and approximations inherent in the models. 
They can also design systems to do specific 
tasks. 

 

Disciplinary Core Ideas (DCIs): LS1.D:  Information Processing 

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

Animals sense and communicate 
information and respond to 
inputs with behaviors that help 
them grow and survive. 

Different sense receptors are 
specialized for particular kinds of 
information; Animals use their 
perceptions and memories to guide 
their actions. 

Each sense receptor responds to different inputs, 
transmitting them as signals that travel along nerve 
cells to the brain; The signals are then processed in 
the brain, resulting in immediate behavior or 
memories. 

N/A 
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Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA.4.SL.2e. Use appropriate visual and/or digital tools to enhance verbal communication and add interest. 

Mathematics Connections: 
• 4.D.2 Analyze Data and Interpret Results: Students will analyze the data and interpret the results.  
• 4.D.2.a Solve authentic problems and analyze data involving addition or subtraction of fractions presented in line plots. 

Social Studies Connections: 

Fine and Performing Arts Connections: 

Connection to other grade level indicators 

Authentic Connections to Other Content Standards: 

4th Topics Model Bundle 1.pdf (nextgenscience.org) 

SC.4.6.3.a, SC.4.6.3.b, SC.4.6.3.c, SC.4.4.2.e 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• sense receptors, receiving information, processing information, responding to information, perceptions 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository 

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

Knowledge, Skills, and Abilities: 
• KSA1: Identify and describe the relevant components of a given model used for testing interactions within a given natural 

system. 

https://www.nextgenscience.org/sites/default/files/4th%20Topics%20Model%20Bundle%201.pdf
https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/
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• KSA2: Identify and describe the relevant components of a given model showing that sense receptors can detect different 
types of information from the environment. 

• KSA3: Describe the relationships between components of a model showing how animals use different sensors to detect 
specific types of information within an environment. 

• KSA4: Describe the relationships between components of a model showing how information is transmitted to the brain by 
sense receptors and processed immediately or stored as memories. 

• KSA5: Use a model to describe that information in the environment interacts with animal behavioral output through 
interactions controlled by the brain. 

• KSA6: Use a model to test interactions involving sensory perception and its influence on animal behavior. 
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Topic: SC.4.13 Earth's Systems: Processes That Shape the Earth 

Standard: SC.4.13.4 Gather and analyze data to communicate an understanding of Earth's systems and 
processes that shape the Earth.  

The Sun is a star that appears larger and brighter than other stars because it is closer to Earth. The rotation of Earth on its axis and orbit 
of Earth around the Sun cause observable patterns. These include day and night; daily changes in the length and direction of 
shadows; and different positions of the Sun and stars at different times of the day, month, and year. 

Indicator Code: SC.4.13.4.a 

Identify evidence from patterns in rock formations and fossils in rock layers to support an explanation for changes in a landscape over 
time. Examples of evidence from patterns could include rock layers with marine shell fossils above rock layers with plant fossils and no 
shells, indicating a change from land to water over time; and a canyon with different rock layers in the walls and a river in the bottom, 
indicating that over time a river cut through the rock. Assessment does not include specific knowledge of the mechanism of rock 
formation or memorization of specific rock formations and layers. Assessment is limited to relative time.  

NGSS Comparison: 4-ESS1-1 

Other Indicators in this Standard 

SC.4.13.4.b, SC.4.13.4.c, SC.4.13.4.d 

Concepts and Skills to Master 

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

Constructing Explanations and Designing Solutions 
• Constructing explanations and designing solutions in 3–5 

builds on K–2 experiences and progresses to the use of 
evidence in constructing explanations that specify 
variables that describe and predict phenomena and in 
designing multiple solutions to design problems. 

 

Patterns 
• Patterns can be used as evidence to support an 

explanation.  

Connections to Nature of Science 

Scientific Knowledge Assumes an Order and Consistency in 
Natural Systems 

• Science assumes consistent patterns in natural systems.  
 

Disciplinary Core Idea (DCI) 

ESS1.C:  The History of Planet Earth 
• Local, regional, and global patterns of rock formations reveal changes over time due to earth forces, such as earthquakes. 

The presence and location of certain fossil types indicate the order in which rock layers were formed.  

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• How the Grand Canyon was formed 
• Layers of soil in different locations- notice the coloring, different materials, etc. 
• Fossils of plants were found in Antarctica. 
• Whale fossils have been found in the rocks in the Andes Mountains. 
• Fossilized palm leaves were found in the desert basin. 

 

Evidence Statements 

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

4.13.4.a   Identify evidence from patterns in rock formations and fossils in rock layers to support an explanation for changes in a 
landscape over time. 
1. Articulating the explanation of phenomena 

http://nstahosted.org/pdfs/ngss/AppendixH-TheNatureOfScienceInTheNextGenerationScienceStandards-4.9.13.pdf
http://nstahosted.org/pdfs/ngss/AppendixH-TheNatureOfScienceInTheNextGenerationScienceStandards-4.9.13.pdf
https://www.nap.edu/read/13165/chapter/11#177
https://thewonderofscience.com/phenomenon/2018/5/13/how-was-the-grand-canyon-formed
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A. Students identify the given explanation for a phenomenon, which includes a statement about the idea that landscapes 
change over time.  
B. From the given explanation, students identify the specific aspects of the explanation they are supporting with evidence. 

2. Evidence 
A. Students identify the evidence relevant to supporting the explanation, including local and regional patterns in the 
following: 

• Different rock layers found in an area (e.g., rock layers taken from the same location show marine fossils in some layers 
and land fossils in other layers). 

• Ordering of rock layers (e.g., layer with marine fossils is found below layer with land fossils). 
• Presence of particular fossils (e.g., shells, land plants) in specific rock layers. 
• The occurrence of events (e.g., earthquakes) due to Earth forces. 

3. Reasoning 
A. Students use reasoning to connect the evidence to support particular points of the explanation, including the 

identification of a specific pattern of rock layers and fossils (e.g., a rock layer containing shells and fish below a rock layer 
containing fossils of land animals and plants is a pattern indicating that, at one point, the landscape had been covered 
by water and later it was dry land). Students describe* reasoning for how the evidence supports particular points of the 
explanation, including: 
• Specific rock layers in the same location show specific fossil patterns (e.g., some lower rock layers have marine fossils, 

while some higher rock layers have fossils of land plants). 
• Since lower layers were formed first then covered by upper layers, this pattern indicates that the landscape of the 

area was transformed into the landscape indicated by the upper layer (e.g., lower marine fossils indicate that, at one 
point, the landscape was covered by water, and upper land fossils indicate that later the landscape was dry land). 

• Irregularities in the patterns of rock layers indicate disruptions due to Earth forces (e.g., a canyon with different rock 
layers in the walls and a river in the bottom, indicating that over time a river cut through the rock). 

Critical Background Knowledge 

Grade Band Progressions:  

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



  SC.4.13.4.a  107 

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

Constructing 
explanations and 
designing solutions in K–
2 builds on prior 
experiences and 
progresses to the use of 
evidence and ideas in 
constructing evidence-
based accounts of 
natural phenomena 
and designing solutions. 
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.  

•  Generate and/or 
compare multiple 
solutions to a 
problem. 

Constructing explanations 
and designing solutions in 
3–5 builds on K–2 
experiences and 
progresses to the use of 
evidence in constructing 
explanations that specify 
variables that describe and 
predict phenomena and in 
designing multiple solutions 
to design problems.  
• 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.  

• Apply scientific ideas to 

Constructing explanations and 
designing solutions in 6–8 builds on K– 5 
experiences and progresses to include 
constructing explanations and designing 
solutions supported by multiple sources 
of evidence consistent with scientific 
ideas, principles, and theories.  
• 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 

Constructing explanations and 
designing solutions in 9–12 builds 
on K–8 experiences and 
progresses to explanations and 
designs that are supported by 
multiple and independent 
student-generated sources of 
evidence consistent with scientific 
ideas, principles, and theories.  
• 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 



  SC.4.13.4.a  108 

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

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. 

why the data or evidence is 
adequate for the explanation or 
conclusion. 

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

• 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. 

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. 

• 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): Patterns 

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

In grades K-2, 
children 
recognize that 
patterns in the 
natural and 
human designed 
world can be 

In grades 3-5, students 
identify similarities and 
differences in order to 
sort and classify natural 
objects and designed 
products. They identify 
patterns related to time, 

In grades 6-8, students recognize that 
macroscopic patterns are related to 
the nature of microscopic and 
atomic-level structure. They identify 
patterns in rates of change and other 
numerical relationships that provide 
information about natural and 

In grades 9-12, students observe patterns in 
systems at different scales and cite patterns 
as empirical evidence for causality in 
supporting their explanations of phenomena. 
They recognize classifications or explanations 
used at one scale may not be useful or need 
revision using a different scale: thus, requiring 
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observed, used 
to describe 
phenomena, 
and used as 
evidence. 

including simple rates of 
change and cycles, and 
to use these patterns to 
make predictions. 

human designed systems. They use 
patterns to identify cause and effect 
relationships and use graphs and 
charts to identify patterns in data. 

improved investigations and experiments. 
They use mathematical representations to 
identify certain patterns and analyze patterns 
of performance in order to reengineer and 
improve a designed system. 

Disciplinary Core Ideas (DCIs): ESS1.C:  The History of Planet Earth 

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

Some events on Earth 
occur very quickly; 
others can occur very 
slowly. 

Certain features on 
Earth can be used to 
order events that 
have occurred in a 
landscape. 

Rock strata and the fossil record 
can be used as evidence to 
organize the relative occurrence 
of major historical events in Earth’s 
history. 

The rock record resulting from tectonic and 
other geoscience processes as well as objects 
from the solar system can provide evidence of 
Earth’s early history and the relative ages of 
major geologic formations. 

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA.4.W.6.b Identify print and digital tools to gather information and evidence. 
• LA.4.W.4.b Use facts and details to support reasons and/or evidence. 
• LA.4.W.6.a Paraphrase information and evidence to support ideas while avoiding plagiarism. 
• LA.4.W.6.d Demonstrate academic integrity by avoiding overreliance on any one source and referencing sources in writing 

and speaking; provide a list of sources. 
• LA.4.W.4.b Use facts and details to support reasons and/or evidence. 
• LA.4.W.2.e Use appropriate print and digital/multimedia tools to produce, enhance, and/or publish writing individually or in 

collaboration with peers. 

Mathematics Connections: 
• 4.G.2.c Generate simple conversions from a larger unit to a smaller unit within the customary and metric systems of 

measurements. 

https://www.nap.edu/read/13165/chapter/11#177
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Social Studies Connections: 

Fine and Performing Arts Connections: 

Connection to other grade level indicators 

Authentic Connections to Other Content Standards: 

4th Topics Model Bundle 4.pdf (nextgenscience.org) 

SC.4.2.1.a, SC.4.13.4.a, SC.4.13.4.b 

Academic Language Development  

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• environment, rock layers, fossil, change over time 

Assessment Considerations 

Formative Assessment: 
• https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/ 

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

Knowledge, Skills, and Abilities: 
• KSA1: Identify specific parts of a given explanation for changes in a landscape over time that will be supported by evidence. 
• KSA2: Identify relevant evidence for supporting an explanation, including local and regional patterns, for changes in a 

landscape over time. 
• KSA3: Identify patterns in different rock layers found in an area as evidence for changes in a landscape over time. 
• KSA4: Identify patterns in the ordering of rock layers and the presence of particular fossils in specific layers as evidence for 

changes in a landscape over time. 
• KSA5: Identify patterns in the occurrence of events due to Earth forces as evidence for changes in a landscape over time. 
• KSA6: Use reasoning to connect evidence to support particular points of an explanation for changes in a landscape over 

time. 

https://www.nextgenscience.org/sites/default/files/4th%20Topics%20Model%20Bundle%204.pdf
https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/
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Standard: SC.4.13.4 Gather and analyze data to communicate an understanding of Earth's systems and 
processes that shape the Earth.  

The Sun is a star that appears larger and brighter than other stars because it is closer to Earth. The rotation of Earth on its axis and orbit 
of Earth around the Sun cause observable patterns. These include day and night; daily changes in the length and direction of 
shadows; and different positions of the Sun and stars at different times of the day, month, and year. 

Indicator Code: SC.4.13.4.b 

Make observations and/or measurements to provide evidence of the effects of weathering or the rate of erosion by water, ice, wind, 
or vegetation. Examples of variables to test could include angle of slope in the downhill movement of water, amount of vegetation, 
speed of wind, relative rate of deposition, cycles of freezing and thawing of water, cycles of heating and cooling, and volume of 
water flow. Assessment is limited to a single form of weathering or erosion. 

NGSS Comparison: 4-ESS2-1 

Other Indicators in this Standard 

SC.4.13.4.a, SC.4.13.4.c, SC.4.13.4.d 

Concepts and Skills to Master 

Foundation Boxes: 

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

Planning and Carrying Out Investigations 
• Planning and carrying out investigations to answer 

questions or test solutions to problems in 3–5 builds on K–2 
experiences and progresses to include investigations that 
control variables and provide evidence to support 
explanations or design solutions.  

Cause and Effect 
• Cause and effect relationships are routinely identified, 

tested, and used to explain change. 

 



  SC.4.13.4.b  112 

 

Disciplinary Core Idea (DCI) 

ESS2.A:  Earth Materials and Systems 
• Rainfall helps to shape the land and affects the types of living things found in a region. Water, ice, wind, living organisms, and 

gravity break rocks, soils, and sediments into smaller particles and move them around.  

ESS2.E:  Biogeology 
• Living things affect the physical characteristics of their regions.  

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Why do rivers curve? 
• How was the Grand Canyon formed? 
• Biological Weathering 

Evidence Statements 

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

4.13.4.b   Make observations and/or measurements to provide evidence of the effects of weathering or the rate of erosion by water, 
ice, wind, or vegetation. 
1. Identifying the phenomenon under investigation 

A. From the given investigation plan, students identify the phenomenon under investigation, which includes the following 
idea: the effects of weathering or the rate of erosion of Earth’s materials.  

B. From the given investigation plan, students identify the purpose of the investigation, which includes providing evidence 
for an explanation of the phenomenon. 

2. Identifying the evidence to address the purpose of the investigation 
A. From the given investigation plan, students describe* the data to be collected that will serve as the basis for evidence. 
B. From the given investigation plan, students describe* the evidence needed, based on observations and/or 

measurements made during the investigation, including: 
• The change in the relative steepness of slope of the area (e.g., no slope, slight slope, steep slope). 
• The kind of weathering or erosion to which the Earth material is exposed. 
• The change in the shape of Earth materials as the result of weathering or the rate of erosion by one of the following: 

https://www.nap.edu/read/13165/chapter/11#180
https://www.nap.edu/read/13165/chapter/11#189
https://thewonderofscience.com/phenomenon/2018/5/13/why-do-rivers-curve
https://thewonderofscience.com/phenomenon/2018/5/13/how-was-the-grand-canyon-formed
https://thewonderofscience.com/phenomenon/2018/2/9/biological-weathering
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a) Motion of water. 
b) Ice (including melting and freezing processes). 
c) Wind (speed and direction). 
d) Vegetation. 

C. Students describe* how the data to be collected will serve as evidence to address the purpose of the investigation, 
including to help identify cause and effect relationships between weathering or erosion, and Earth materials.  

3. Planning the investigation 
A. From the given investigation plan, students describe* how the data will be collected, including: 

• The relative speed of the flow of air or water. 
• The number of cycles of freezing and thawing. 
• The number and types of plants growing in the Earth material. 
• The relative amount of soil or sediment transported by erosion. 
• The number or size of rocks transported by erosion.  
• The breakdown of materials by weathering (e.g., ease of breaking before or after weathering, size/number of rocks 

broken down). 
B. Students describe* the controlled variables, including: 

• Those variables that affect the movement of water (e.g., flow speed, volume, slope). 
• Those variables that affect the movement of air. 
• The water temperature and forms of matter (e.g., freezing, melting, room temperature).  
• The presence or absence of plants growing in or on the Earth material. 

4. Collecting the data 
A. Students make and record observations according to the given investigation plan to provide evidence for the effects of 

weathering or the rate of erosion on Earth materials (e.g., rocks, soils, and sediment). 

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 to answer 
questions or test solutions to 
problems in K–2 builds on 
prior experiences and 
progresses to simple 
investigations, based on 
fair tests, which provide 
data to support 
explanations or design 
solutions. 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 
measuring a 
phenomenon to 
determine which way 
can answer a question. 

• Make observations 
(firsthand or from 
media) and/or 

Planning and carrying out 
investigations to answer 
questions or test solutions 
to problems in 3–5 builds 
on K–2 experiences and 
progresses to include 
investigations that control 
variables and provide 
evidence to support 
explanations or design 
solutions. 
• 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 
methods and/or tools 
for collecting data. 

•  Make observations 
and/or measurements 
to produce data to 
serve as the basis for 
evidence for an 

Planning and carrying out 
investigations in 6-8 builds on 
K-5 experiences and 
progresses to include 
investigations that use multiple 
variables and provide 
evidence to support 
explanations or solutions.  
• 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.  

• Evaluate the accuracy of 

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

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. 

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. 

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. 

Crosscutting Concepts (CCCs): Cause and Effect 

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

Cause and Effect- 
In grades K-2, 
students learn that 
events have causes 
that generate 
observable 
patterns. They 
design simple tests 
to gather evidence 

Cause and Effect- In 
grades 3-5, students 
routinely identify and test 
causal relationships and 
use these relationships to 
explain change. They 
understand events that 
occur together with 
regularity might or might 

Cause and Effect- In grades 6-8, 
students classify relationships as causal 
or correlational and recognize that 
correlation does not necessarily imply 
causation. They use cause and effect 
relationships to predict phenomena in 
natural or designed systems. They also 
understand that phenomena may have 
more than one cause, and some cause 

Cause and Effect- In grades 9-12, 
students understand that empirical 
evidence is required to differentiate 
between cause and correlation and to 
make claims about specific causes and 
effects. They suggest cause and effect 
relationships to explain and predict 
behaviors in complex natural and 
designed systems. They also propose 
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to support or refute 
their own ideas 
about causes. 

not signify a cause and 
effect relationship. 

and effect relationships in systems can 
only be described using probability. 

causal relationships by examining what is 
known about smaller scale mechanisms 
within the system. They recognize 
changes in systems may have various 
causes that may not have equal effects. 

Disciplinary Core Ideas (DCIs):  ESS2.A:  Earth Materials and Systems, ESS2.E:  Biogeology 

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

ESS2.A 
Wind and water change the 
shape of the land. 

ESS2.E 
Plants and animals can change 
their local environment.  

Living things need water, air, and 
resources from the land, and they 
live in places that have the things 
they need. Humans use natural 
resources for everything they do. 

ESS2.A 
Four major Earth systems interact. 
Rainfall helps to shape the land and 
affects the types of living things 
found in a region. Water, ice, wind, 
organisms, and gravity break rocks, 
soils, and sediments into smaller 
pieces and move them around. 

ESS2.E 
Living things can affect the physical 
characteristics of their environment.  

ESS2.A 
Energy flows and matter 
cycles within and among 
Earth’s systems, including 
the sun and Earth’s interior 
as primary energy sources. 
Plate tectonics is one result 
of these processes. 

ESS2.E 
[Content found in LS4.A and 
LS4.D] 

ESS2.A 
Feedback effects exist 
within and among Earth’s 
systems. 

ESS2.E 
The biosphere and Earth’s 
other systems have many 
interconnections that 
cause a continual 
coevolution of Earth’s 
surface and life on it 

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA.4.W.6.b Identify print and digital tools to gather information and evidence. 
• LA.4.W.4.b Use facts and details to support reasons and/or evidence. 
• LA.4.W.6.a Paraphrase information and evidence to support ideas while avoiding plagiarism. 

https://www.nap.edu/read/13165/chapter/11#180
https://www.nap.edu/read/13165/chapter/11#189
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• LA.4.W.6.d Demonstrate academic integrity by avoiding overreliance on any one source and referencing sources in writing 
and speaking; provide a list of sources. 

• LA.4.W.4.b Use facts and details to support reasons and/or evidence. 
• LA.4.W.2.e Use appropriate print and digital/multimedia tools to produce, enhance, and/or publish writing individually or in 

collaboration with peers. 

Mathematics Connections: 
• 4.G.2.c Generate simple conversions from a larger unit to a smaller unit within the customary and metric systems of 

measurement. 
• 4.G.2.a Identify and use the appropriate tools, operations, and units of measurement, both customary and metric, to solve 

authentic problems involving time, length, weight, mass, and capacity. 

Social Studies Connections: 
• SS 3.3.3.b Identify ecosystems. For example: forests, deserts, grasslands  
• SS 3.3.3.c Explain the importance of Earth's natural resources.  
• SS 3.3.2.c Explain how and why places and regions change over time. 

Fine and Performing Arts Connections: 

Connection to other grade level indicators 

Authentic Connections to Other Content Standards: 

4th Topics Model Bundle 4.pdf (nextgenscience.org) 

SC.4.2.1.a, SC.4.13.4.a, SC.4.13.4.b 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• weathering, erosion, vegetation, sediment, geosphere, hydrosphere, biosphere, effects 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository 

https://www.nextgenscience.org/sites/default/files/4th%20Topics%20Model%20Bundle%204.pdf
https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
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Stackable, Instructionally Embedded, Portable Science (SIPS) Assessments:  
• https://sipsassessments.org/ 

 

Knowledge, Skills, and Abilities: 
• KSA1: Make observations from given data of rainfall to provide evidence of rate of erosion.  
• KSA2: Make observations from given data of rainfall to provide evidence of the effects of weathering. 
• KSA3: Make observations from given data to provide evidence of the effects of weathering. 
• KSA4:   Use measurements from given data to provide evidence of weathering or the rate of erosion by water, ice, wind, or 

vegetation. 
• KSA5: Make observations and/or measurements to provide evidence of the effects of weathering. 
• KSA6: Make observations and/or measurements to provide evidence of the rate of erosion by water, ice, wind, or 

vegetation. 
• KSA7: Make observations and/or measurements to produce data to serve as the basis for evidence of the effects of 

weathering or the rate of erosion.  
• KSA8: Provide evidence of the different variables that contribute to erosion.  
• KSA9: Provide evidence that living things affect the physical characteristics of their regions.  
• KSA10: Make observations and/or measurements to provide evidence of the cause and effect of the phenomenon. 

https://sipsassessments.org/
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Standard: SC.4.13.4 Gather and analyze data to communicate an understanding of Earth's systems and 
processes that shape the Earth.  

The Sun is a star that appears larger and brighter than other stars because it is closer to Earth. The rotation of Earth on its axis and orbit 
of Earth around the Sun cause observable patterns. These include day and night; daily changes in the length and direction of 
shadows; and different positions of the Sun and stars at different times of the day, month, and year. 

Indicator Code: SC.4.13.4.c 

Analyze and interpret data from maps to describe patterns of Earth's features. Maps can include topographic maps of Earth’s land and 
ocean floor, as well as maps of the locations of mountains, continental boundaries, volcanoes, and earthquakes. 

NGSS Comparison: 4-ESS2-2 

Other Indicators in this Standard 

SC.4.13.4.a, SC.4.13.4.b, SC.4.13.4.d 

Concepts and Skills to Master 

Foundation Boxes: 

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

Analyzing and Interpreting Data 
• Analyzing data in 3–5 builds on K–2 experiences and 

progresses to introducing quantitative approaches to 
collecting data and conducting multiple trials of 
qualitative observations. When possible and feasible, 
digital tools should be used. 

 

Patterns 
• Patterns can be used as evidence to support an 

explanation.  
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Disciplinary Core Idea (DCI) 

ESS2.B:  Plate Tectonics and Large-Scale System Interactions 
• The locations of mountain ranges, deep ocean trenches, ocean floor structures, earthquakes, and volcanoes occur in 

patterns. Most earthquakes and volcanoes occur in bands that are often along the boundaries between continents and 
oceans. Major mountain chains form inside continents or near their edges. Maps can help locate the different land and water 
features areas of Earth.  

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Compare maps of riverbed patterns 
• Compare maps of mountain heights 
• Yellowstone Supervolcano 
• Virtual field trips 

Evidence Statements 

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

4.13.4.c   Analyze and interpret data from maps to describe patterns of Earth's features. 
1. Organizing data  

A. Students organize data using graphical displays (e.g., table, chart, graph) from maps of Earth’s features (e.g., locations of 
mountains, continental boundaries, volcanoes, earthquakes, deep ocean trenches, ocean floor structures). 

2. Identifying relationships 
A. Students identify patterns in the location of Earth features, including the locations of mountain ranges, deep ocean 

trenches, ocean floor structures, earthquakes, and volcanoes. These relationships include: 
• Volcanoes and earthquakes occur in bands that are often along the boundaries between continents and oceans. 
• Major mountain chains form inside continents or near their edges. 

3. Interpreting data 
A. Students use logical reasoning based on the organized data to make sense of and describe* a phenomenon. In their 

description*, students include that Earth features occur in patterns that reflect information about how they are formed or 
occur (e.g., mountain ranges tend to occur on the edges of continents or inside them, the Pacific Ocean is surrounded 

https://www.nap.edu/read/13165/chapter/11#182
https://thewonderofscience.com/phenomenon/2018/7/5/yellowstone-supervolcano
https://thewonderofscience.com/phenomenon/2018/6/10/virtual-field-trips
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by a ring of volcanoes, all continents are surrounded by water [assume Europe and Asia are identified as Eurasia]). 

Critical Background Knowledge 

Grade Band Progressions:  

Science and Engineering Practices (SEPs): Analyzing and Interpreting Data 

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

Analyzing data in K–2 
builds on prior 
experiences and 
progresses to 
collecting, recording, 
and sharing 
observations.  
• 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 answer 

Analyzing data in 3–5 builds 
on K–2 experiences and 
progresses to introducing 
quantitative approaches 
to collecting data and 
conducting multiple trials of 
qualitative observations. 
When possible and 
feasible, digital tools should 
be used.   
• Represent data in 

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

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

Analyzing data in 6–8 builds on K–5 
experiences and progresses to 
extending quantitative analysis to 
investigations, distinguishing between 
correlation and causation, and basic 
statistical techniques of data and error 
analysis.   
• 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, mode, and variability) to 
analyze and characterize data, 

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

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

• 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 
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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. 

• Compare and contrast 
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. 

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. 

analysis (e.g., measurement 
error, sample selection) when 
analyzing and 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): Patterns 

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

In grades K-2, 
children recognize 
that patterns in the 
natural and human 
designed world can 
be observed, used to 
describe 

In grades 3-5, students 
identify similarities and 
differences in order to sort 
and classify natural objects 
and designed products. 
They identify patterns 
related to time, including 

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

In grades 9-12, students observe 
patterns in systems at different scales 
and cite patterns as empirical evidence 
for causality in supporting their 
explanations of phenomena. They 
recognize classifications or explanations 
used at one scale may not be useful or 
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phenomena, and 
used as evidence. 

simple rates of change and 
cycles, and to use these 
patterns to make 
predictions. 

designed systems. They use patterns 
to identify cause and effect 
relationships and use graphs and 
charts to identify patterns in data. 

need revision using a different scale: 
thus, requiring improved investigations 
and experiments. They use 
mathematical representations to 
identify certain patterns and analyze 
patterns of performance in order to 
reengineer and improve a designed 
system. 

Disciplinary Core Ideas (DCIs):  ESS2.B:  Plate Tectonics and Large-Scale System Interactions 

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

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

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

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

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

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA.4.W.6.b Identify print and digital tools to gather information and evidence. 
• LA.4.W.4.b Use facts and details to support reasons and/or evidence. 

Mathematics Connections: 
• 4.G.2.a Identify and use the appropriate tools, operations, and units of measurement, both customary and metric, to solve 

authentic problems involving time, length, weight, mass, and capacity. 

Social Studies Connections: 
• SS 3.3.1.a Identify and apply map elements.  
• SS 3.3.1.b Use a map to identify location and distribution of physical and human features.  
• SS 3.3.1.c Determine why things are located where they are in the community.  
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• SS 3.3.1.d Locate specific places on maps and globes.  
• SS 3.3.1.e Identify the continents, oceans, and hemispheres. 

Fine and Performing Arts Connections: 

Connection to other grade level indicators 

Authentic Connections to Other Content Standards: 

4th Topics Model Bundle 5.pdf (nextgenscience.org) 

SC.4.2.1.a, SC.4.13.4.c, SC.4.4.2.f, SC.4.13.4.d, SC.4.4.2.e 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• earthquake, volcano, mountain chain, mountain range, continent, boundary, ocean floor, ocean trench, topographic map, 

Earth’s features 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository 

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

Knowledge, Skills, and Abilities: 
• KSA1: Organize data using graphical displays from maps of Earth’s features. 
• KSA2: Identify patterns in the location of Earth features. 
• KSA3: Use data from maps to identify that volcanoes and earthquakes occur in bands along the boundaries between 

oceans and continents. 
• KSA4: Use data from maps to identify that mountain chains for inside continents or near their edges. 
• KSA5: Use reasoning based on organized data to describe that Earth features occur in patterns that reflect how the features 

were formed. 

https://www.nextgenscience.org/sites/default/files/4th%20Topics%20Model%20Bundle%205.pdf
https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/
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Standard: SC.4.13.4 Gather and analyze data to communicate an understanding of Earth's systems and 
processes that shape the Earth.  

The Sun is a star that appears larger and brighter than other stars because it is closer to Earth. The rotation of Earth on its axis and orbit 
of Earth around the Sun cause observable patterns. These include day and night; daily changes in the length and direction of 
shadows; and different positions of the Sun and stars at different times of the day, month, and year. 

Indicator Code: SC.4.13.4.d 

Generate and compare multiple solutions to reduce the impacts of natural Earth processes on humans. Examples of solutions could 
include designing an earthquake resistant building and improving monitoring of volcanic activity. Assessment is limited to earthquakes, 
floods, tsunamis, and volcanic eruptions.  

NGSS Comparison: 4-ESS3-2 

Other Indicators in this Standard 

SC.4.13.4.a, SC.4.13.4.b, SC.4.13.4.c 

Concepts and Skills to Master 

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

Constructing Explanations and Designing Solutions 
• Constructing explanations and designing solutions in 3–5 

builds on K–2 experiences and progresses to the use of 
evidence in constructing explanations that specify 
variables that describe and predict phenomena and in 
designing multiple solutions to design problems. 

 

Cause and Effect 
• Cause and effect relationships are routinely identified, 

tested, and used to explain change. 

Connections to Engineering, Technology, and Applications of Science 

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

• Engineers improve existing technologies or develop new 
ones to increase their benefits, to decrease known risks, 
and to meet societal demands.  

 

Disciplinary Core Idea (DCI) 

ESS3.B:  Natural Hazards 
• A variety of hazards result from natural processes (e.g., earthquakes, tsunamis, volcanic eruptions). Humans cannot eliminate 

the hazards but can take steps to reduce their impacts. (4.13.4.D) (Note: This Disciplinary Core Idea can also be found in 
3.WC.)  

ETS1.B:  Designing Solutions to Engineering Problems 
• Testing a solution involves investigating how well it performs under a range of likely conditions. (secondary to 4.13.4.D) 

Possible Science and/or Engineering Phenomena to Support 3D Instruction 
• Building a dam vs levy to help prevent floods 
• Elephants warn of tsunami 
• Yellowstone supervolcano 
• Stilt houses 

 

 

http://nstahosted.org/pdfs/ngss/20130509/AppendixJ-ScienceTechnologySocietyAndTheEnvironment_0.pdf
http://nstahosted.org/pdfs/ngss/20130509/AppendixJ-ScienceTechnologySocietyAndTheEnvironment_0.pdf
https://www.nap.edu/read/13165/chapter/11#192
https://www.nap.edu/read/13165/chapter/12#206
https://thewonderofscience.com/phenomenon/2018/7/5/yellowstone-supervolcano
https://thewonderofscience.com/phenomenon/2018/6/10/stilt-houses
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Evidence Statements 

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

4.13.4.d   Generate and compare multiple solutions to reduce the impacts of natural Earth processes on humans. 
1. Using scientific knowledge to generate design solutions 

A. Given a natural Earth process that can have a negative effect on humans (e.g., an earthquake, volcano, flood, 
landslide), students use scientific information about that Earth process and its effects to design at least two solutions that 
reduce its effect on humans. 

B. In their design solutions, students describe* and use cause and effect relationships between the Earth process and its 
observed effect. 

2. Describing* criteria and constraints, including quantification when appropriate 
A. Students describe* the given criteria for the design solutions, including using scientific information about the Earth process 

to describe* how well the design must alleviate the effect of the Earth process on humans.   
B. Students describe* the given constraints of the solution (e.g., cost, materials, time, relevant scientific information), 

including performance under a range of likely conditions. 
3. Evaluating potential solutions 

A. Students evaluate each design solution based on whether and how well it meets the each of the given criteria and 
constraints.  
B. Students compare the design solutions to each other based on how well each meets the given criteria and constraints. 
C. Students describe* the design solutions in terms of how each alters the effect of the Earth process on humans. 

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 

Constructing 
explanations and 
designing solutions in 3–5 

Constructing explanations and designing 
solutions in 6–8 builds on K– 5 experiences 
and progresses to include constructing 

Constructing explanations and 
designing solutions in 9–12 builds on 
K–8 experiences and progresses to 
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K-2 3-5 6-8 9-12 

K–2 builds on prior 
experiences and 
progresses to the use 
of evidence and 
ideas in constructing 
evidence based 
accounts of natural 
phenomena and 
designing solutions. 
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.  
•  Generate and/or 

compare multiple 
solutions to a 
problem. 

builds on K–2 experiences 
and progresses to the use 
of evidence in 
constructing explanations 
that specify variables that 
describe and predict 
phenomena and in 
designing multiple 
solutions to design 
problems.  
• 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.  

• Apply scientific ideas 
to solve design 

explanations and designing solutions 
supported by multiple sources of 
evidence consistent with scientific ideas, 
principles, and theories.  
• 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. 

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

explanations and designs that are 
supported by multiple and 
independent student-generated 
sources of evidence consistent with 
scientific ideas, principles, and 
theories.  
• 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 
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problems.  
• Generate and 

compare multiple 
solutions to a problem 
based on how well 
they meet the criteria 
and constraints of the 
design solution. 

• 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. 

which the reasoning and data 
support the explanation or 
conclusion. 

• 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 

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

Cause and Effect- In 
grades K-2, students 
learn that events have 
causes that generate 
observable patterns. 
They design simple 
tests to gather 
evidence to support or 
refute their own ideas 
about causes. 

Cause and Effect- In grades 
3-5, students routinely 
identify and test causal 
relationships and use these 
relationships to explain 
change. They understand 
events that occur together 
with regularity might or 
might not signify a cause 
and effect relationship. 

Cause and Effect- In grades 6-8, 
students classify relationships as 
causal or correlational, and 
recognize that correlation does 
not necessarily imply causation. 
They use cause and effect 
relationships to predict 
phenomena in natural or 
designed systems. They also 
understand that phenomena 
may have more than one cause, 
and some cause and effect 
relationships in systems can only 
be described using probability. 

Cause and Effect- In grades 9-12, 
students understand that empirical 
evidence is required to differentiate 
between cause and correlation and to 
make claims about specific causes and 
effects. They suggest cause and effect 
relationships to explain and predict 
behaviors in complex natural and 
designed systems. They also propose 
causal relationships by examining what is 
known about smaller scale mechanisms 
within the system. They recognize 
changes in systems may have various 
causes that may not have equal effects. 
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Disciplinary Core Ideas (DCIs):  ESS3.B:  Natural Hazards, ETS1.B:  Designing Solutions to Engineering Problems 

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

ESS3.B 
In a region, some kinds of 
severe weather are more 
likely than others. Forecasts 
allow communities to 
prepare for severe weather. 

ETS1.B 
• Designs can be 

conveyed through 
sketches, drawings, or 
physical models. 
These representations 
are useful in 
communicating ideas 
for a problem’s 
solutions to other 
people. (secondary to 
K.7.2.D)  

• Designs can be 
conveyed through 
sketches, drawings, or 
physical models. 
These representations 
are useful in 
communicating ideas 
for a problem’s 
solutions to other 

ESS3.B 
A variety of hazards result 
from natural processes; 
humans cannot eliminate 
hazards but can reduce 
their impacts. 

ETS1.B 
• 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. (3.7.2.E)  

• At whatever stage, 
communicating with 
peers about proposed 
solutions is an 
important part of the 
design process, and 
shared ideas can lead 
to improved designs. 
(3.7.2.E)  

• Tests are often 

ESS3.B 
Mapping the history of natural 
hazards in a region and 
understanding related geological 
forces. 

ETS1.B 
• 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 
problem. (secondary to 6.4.1.A)  

• A solution needs to be tested, 
and then modified on the basis 
of the test results, in order to 
improve it. (secondary to7.5.2.C) 
· Sometimes parts of different 
solutions can be combined to 
create a solution that is better 
than any of its predecessors. 
(7.5.2.D)  

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

ESS3.B 
Natural hazards and other 
geological events have shaped 
the course of human history at 
local, regional, and global scales. 

ETS1.B 
• 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 to 
HS.7.2.E),(secondary to 
HS.7.2.F)  

• Both physical models and 
computers can be used in 
various 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; 

https://www.nap.edu/read/13165/chapter/11#192
https://www.nap.edu/read/13165/chapter/12#206
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people. (1.6.2.B)  
• Designs can be 

conveyed through 
sketches, drawings, or 
physical models. 
These representations 
are useful in 
communicating ideas 
for a problem’s 
solutions to other 
people. (secondary to 
2.7.2.B) 

designed to identify 
failure points or 
difficulties, which 
suggest the elements 
of the design that 
need to be improved. 
(4.4.2.E)  

• Testing a solution 
involves investigating 
how well it performs 
under a range of likely 
conditions. (secondary 
to 4.13.4.D) 

problem. (secondary to 7.7.3.B)  
• There are systematic processes 

for evaluating solutions with 
respect to how well they meet 
the criteria and constraints of a 
problem. (7.7.3.C)  

• A solution needs to be tested, 
and then modified on the basis 
of the test results, in order to 
improve it. (8.1.1.B)  

• Models of all kinds are important 
for testing solutions. (8.1.1.B) 

and in making a persuasive 
presentation to a client about 
how a given design will meet 
his or her needs. (HS.7.2.F)  

• 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. 
(HS.15.5.E) 

Related Cross-Curricular Standards: Current Grade Level 

ELA Connections: 
• LA.4.W.6.b Identify print and digital tools to gather information and evidence. 
• LA.4.W.4.b Use facts and details to support reasons and/or evidence. 
• LA.4.RP.6 Explain what the text says explicitly and draw inferences when asking or answering questions, quoting or 

paraphrasing specific evidence from the text as appropriate. 
• LA.4.RI.6 Explain what the text says explicitly and draw inferences when asking or answering questions, quoting or 

paraphrasing specific evidence from the text as appropriate. 
• LA.4.RP.8 Read and comprehend a wide range of literary texts of appropriate complexity for Grade 4 independently and 

proficiently. 
• LA.4.RI.8 Read and comprehend a wide range of informational texts of appropriate complexity for Grade 4 independently 

and proficiently. 

Mathematics Connections: 

Social Studies Connections: 
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• SS 3.3.3.a Describe how the environment influences human activities and how humans alter the environment to suit their 
needs.  

• SS 3.3.3.b Identify ecosystems.  
• SS 3.3.3.c Explain the importance of Earth's natural resources. 

Fine and Performing Arts Connections: 

Connection to other grade level indicators 

Authentic Connections to Other Content Standards: 

4th Topics Model Bundle 5.pdf (nextgenscience.org) 

SC.4.2.1.a, SC.4.13.4.c, SC.4.4.2.f, SC.4.13.4.d, SC.4.4.2.e 

Academic Language Development 

Words to support student discourse related to the Disciplinary Core Ideas (DCIs): 
• effects, natural hazards, reduce, impact, problem, solutions, criteria, constraints, models, data, test, modify, optimizing 

solutions 

Assessment Considerations 

Formative Assessment: 
• Formative Task Repository 

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

Knowledge, Skills, and Abilities: 
• KSA1: Use scientific information about a given Earth process and its effects to design solutions that reduce its effect on 

humans.  
• KSA2: Describe and use cause and effect relationships between the Earth process and its observed effect in a design solution 

to reduce the effect on humans. 
• KSA3: Describe given criteria for design solutions, including using scientific information about the Earth process to describe 

how well a design must alleviate the effect of the Earth process on humans. 

https://www.nextgenscience.org/sites/default/files/4th%20Topics%20Model%20Bundle%205.pdf
https://www.education.ne.gov/assessment/science-classroom-formative-task-repository-for-grades-5-8/
https://sipsassessments.org/
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• KSA4: Describe given constraints of a design solution that reduces the effect of an Earth process on humans.  
• KSA5: Evaluates design solutions based on whether and how well it meets each of the given criteria and constraints. 
• KSA6: Describe design solutions in terms of how each alters the effect of Earth processes on humans. 
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