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[bookmark: _Toc209518817]Introduction
The performance expectations in fourth grade help students formulate answers to questions such as these: Why does an object’s motion change? How do we power clocks and other devices? What causes land and things on it to change, and how can we reduce the impact on humans? How do the structure and function of traits of living things benefit them? 
Fourth grade performance expectations include Energy (PS3); Waves and Their Applications in Technologies for Information Transfer (PS4); From Molecules to Organisms: Structures and Processes (LS1); Earth’s Place in the Universe (ESS1); Earth’s Systems (ESS2); Earth and Human Activity (ESS3); and Engineering Design (ETS1) from the Framework for K-12 Science Education (NRC, 2012). 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. Students are expected to develop an 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 impact of such processes on humans. In order to describe patterns of Earth’s features, students analyze and interpret data from maps. Students also 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, they describe that an object can be seen when light reflected from its surface enters the eye. 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. Students are expected to develop an understanding that energy can be transferred from place to place by sound, light, heat, and electric currents or from object to object through collisions. They apply their understanding of energy to design, test, and refine a device that converts energy from one form to another. The crosscutting concepts of patterns; cause and effect; energy and matter; systems and system models; interdependence of science, engineering, and technology; and influence of engineering, technology, and science on society and the natural world are called out as organizing concepts for these disciplinary core ideas. In the fourth grade performance expectations, students are expected to demonstrate grade-appropriate proficiency in asking questions, developing and using models, planning and carrying out investigations, analyzing and interpreting data, constructing explanations and designing solutions, engaging in argument from evidence, and obtaining, evaluating, and communicating information. Students are expected to use these practices to demonstrate understanding of the core ideas. 
The amount of time individual students need to achieve science standards will vary. The external standards review committees assumed that students in fourth grade would be provided with approximately 150 minutes of instruction per week for 36 weeks. 
Schools may take more or less time, depending on local factors that determine curriculum programming within a specific context. Science instruction may be a dedicated time in the school schedule or may be integrated with instruction of other subjects. The goal is for all students to have regular science instruction every year.
[bookmark: _Toc207871435][bookmark: _Toc209518818]Model Curriculum Framework for Fourth Grade Science
The NJDOE collaborated with OpenSciEd to develop the instructional and professional learning materials for the model curriculum framework for fourth grade science.
The instructional units are centered around real-world phenomena children encounter every day. In the model science curriculum framework, teaching science isn’t just about facts and figures; it’s about creating a science learning experience that sparks students’ curiosity and captures their imaginations. Through hands-on investigations and student-driven discussions, young learners will embark on a journey of scientific exploration, building a strong foundation for science learning in middle school and beyond.
Before implementing these instructional materials in your classroom, educators are strongly encouraged to attend professional learning to ensure effective and informed usage. The Liberty Science Center is a certified provider of this professional learning and offers sessions designed to support educators in understanding and applying the material with confidence and fidelity.
For more information on scheduling or registering for professional learning opportunities, please visit Liberty Science Center Professional Development.
[bookmark: _Toc209518819]

Model Scope and Sequence
Unit 1: How does an object’s motion change?
4-PS3-1.	Use evidence to construct an explanation relating the speed of an object to the energy of that object.
4-PS3-3.	Ask questions and predict outcomes about the changes in energy that occur when objects collide.
Unit 2: How do we power clocks and other devices?
4-PS3-2.	Make observations to provide evidence that energy can be transferred from place to place by sound, light, heat, and electric currents.
4-PS3-4.	Apply scientific ideas to design, test, and refine a device that converts energy from one form to another.
4-PS4-3.	Generate and compare multiple solutions that use patterns to transfer information.
4-ESS3-1.	Obtain and combine information to describe that energy and fuels are derived from natural resources and their uses affect the environment.
3-5-ETS1-2.	Generate and compare multiple possible solutions to a problem based on how well each is likely to meet the criteria and constraints of the problem.
3-5-ETS1-3.	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.
Unit 3: What causes land and things on it to change? How can we reduce the impacts on humans?
4-PS4-1.	Develop a model of waves to describe patterns in terms of amplitude and wavelength and that waves can cause objects to move.
4-ESS1-1.	Identify evidence from patterns in rock formations and fossils in rock layers to support an explanation for changes in a landscape over time.
4-ESS2-1.	Make observations and/or measurements to provide evidence of the effects of weathering or the rate of erosion by water, ice, wind, or vegetation.
4-ESS2-2.	Analyze and interpret data from maps to describe patterns of Earth’s features.
4-ESS3-2.	Generate and compare multiple solutions to reduce the impacts of natural Earth processes on humans.
3-5-ETS1-2.	Generate and compare multiple possible solutions to a problem based on how well each is likely to meet the criteria and constraints of the problem.
Unit 4: How do the structure and function of traits of living things benefit them?
4-LS1-1.	Construct an argument that plants and animals have internal and external structures that function to support survival, growth, behavior, and reproduction.
4-LS1-2.	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 in different ways.
4-PS4-2.	Develop a model to describe that light reflecting from objects and entering the eye allows objects to be seen.
[bookmark: _Toc207871436][bookmark: _Toc209518820]Professional Learning Resources
The STEM Teaching Tools site has tools that can help you teach science, technology, engineering and math (STEM). Each tool is focused on a specific issue and leverages the best knowledge from research and practice.
NextGenScience works alongside educators to support the design of quality, coherent K–12 programs that align science standards, instructional materials, professional learning, and assessments to support meaningful science experiences for all students.
[bookmark: _Toc208913946][bookmark: _Toc209518821]Attributions
The New Jersey Student Learning Standards for Science are based on the Next Generation Science Standards: For States, By States (NGSS), developed by the National Research Council, the National Science Teachers Association, the American Association for the Advancement of Science, and Achieve. © 2013 Achieve, Inc. on behalf of the twenty-six states and partners that collaborated on the NGSS. Available at https://nap.nationalacademies.org/catalog/18290/next-generation-science-standards-for-states-by-states 
The science and engineering practices, disciplinary core ideas, and crosscutting concepts referenced are based on the Framework for K–12 Science Education: Practices, Crosscutting Concepts, and Core Ideas, developed by the National Research Council. © 2012 National Academy of Sciences. Published by the National Academies Press. Available at: https://nap.nationalacademies.org/catalog/13165/a-framework-for-k-12-science-education-practices-crosscutting-concepts 
The Model Science Curriculum Framework, and the Model Scope and Sequence are adapted from OpenSciEd Grade 4 Instructional Materials originally developed by The OpenSciEd Project of the National Center for Civic Innovation. © 2023 National Center for Civic Innovation Licensed under the Creative Commons Attribution Non-Commercial 4.0 International License (CC-BY-NC). Available at www.openscied.org.
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[bookmark: _Toc209518822]PS3: Energy
4-PS3-1.	Use evidence to construct an explanation relating the speed of an object to the energy of that object.
(Assessment Boundary: Assessment does not include quantitative measures of changes in the speed of an object or on any precise or quantitative definition of energy.)
	[bookmark: _Hlk209170945]Dimension
	Descriptions of the Developmentally Appropriate Elements

	[bookmark: _Hlk209087231]Science and Engineering Practices
	Constructing Explanations and Designing Solutions
· Constructing explanations and designing solutions includes the use of evidence in constructing explanations that specify variables that describe and predict phenomena and in designing multiple solutions to design problems.
· Use evidence (e.g., measurements, observations, patterns) to construct an explanation.

	Disciplinary Core Ideas
	PS3.A: Definitions of Energy
The faster a given object is moving, the more energy it possesses.

	Crosscutting Concepts
	Energy and Matter
Energy can be transferred in various ways and between objects.


Connections to other DCIs in fourth grade: N/A
Articulation of DCIs across grade levels: MS.PS3.A
Connections to English Language Arts: 
RI.CR.4.1.	Refer to details and examples as textual evidence when explaining what an informational text says explicitly and make relevant connections when drawing inferences from the text.
W.IW.4.2.	Write informative/explanatory texts to examine a topic and convey ideas and information clearly.
(Clarification Statements: Informative writing informs the reader by presenting facts, details, and descriptions about a topic. Explanatory writing explains a process, idea, or concept by showing how or why something happens.)
Connections to Mathematics: 
4.DL.A.1.	Create data-based questions, generate ideas based on the questions, and then refine the questions. 
(Science Example: Students develop questions to plan an investigation to measure the effects of the speed of an object
4.DL.A.2.	Develop strategies to collect various types of data and organize data digitally.
(Science example: Students use a model (table) to record measurements which is used to support the explanation that the faster the ball is moving the more energy it transfers in a collision
4.OA.A.3.	Solve multistep word problems posed with whole numbers and having whole- number answers using the four operations, including problems in which remainders must be interpreted. Represent these problems using equations with a letter standing for the unknown quantity. Assess the reasonableness of answers using mental computation and estimation strategies including rounding. 
(Science example: The class has 144 rubber bands with which to make rubber-band cars. If each car uses six rubber bands, how many cars can be made? If there are 28 students, at most how many rubber bands can each car have (if every car has the same number of rubber bands)?)
Observable features of the student performance by the end of the grade:
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 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:
i. The relative speed of the object (e.g., faster vs. slower objects).
ii. 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:
i. Motion can indicate the energy of an object.
ii. 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).
iii. 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.
iv. 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.)
v. Therefore, the speed of an object is related to the energy of the object.
4-PS3-2.	Make observations to provide evidence that energy can be transferred from place to place by sound, light, heat, and electric currents.
(Assessment Boundary: Assessment does not include quantitative measurements of energy.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Developing and Using Models
· Developing and using models includes building and revising simple models and using models to represent events and design solutions.
· Develop a model to describe phenomena.

	Disciplinary Core Ideas
	PS3.A: Definitions of Energy
Energy can be moved from place to place by moving objects or through sound, light, or electric currents. (Boundary: At this grade level, no attempt is made to give a precise or complete definition of energy.)
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. 

	Crosscutting Concepts
	Energy and Matter
Energy can be transferred in various ways and between objects.


Connections to other DCIs in fourth grade: N/A
Articulation of DCIs across grade levels: MS.PS3.A and MS.PS3.B; MS.PS4.B
Connections to English Language Arts: 
RI.MF.4.6.	Use evidence to show how graphics and visuals (e.g., illustrations, charts, graphs, diagrams, timelines, animations) support central ideas.
W.SE.4.6.	Gather relevant information from multiple print and digital sources; take notes, prioritize and categorize information; provide a list of sources.
(Science example: Students observe that when there are more holiday lights in the circuit, the generator is harder to crank. Then students could identify the evidence that construct explanations for the causes of the difference in how the system operates with different load.) 
Connections to Mathematics: 
MP.4.	Model with mathematics.
(Science example: Students use a chart to record data collected in the investigation about how changing the load affects the amount of energy needed to operate the lights.)
Observable features of the student performance by the end of the grade:
1. Students identify the phenomenon under investigation
a. From the given investigation plan, students describe the phenomenon under investigation, which includes the following ideas:
i. 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.
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:
i. Moving objects
ii. Sound
iii. Light
iv. Heat
v. 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:
i. 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).
ii. 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).
iii. 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:
i. The motion and collision of objects, including any sound or heat producing the motion/collision, or produced by the motion/collision.
ii. 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.
iii. 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:
i. Energy is present whenever there are moving objects, sound, light, or heat.
ii. 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).


4-PS3-3.	Ask questions and predict outcomes about the changes in energy that occur when objects collide.
(Clarification Statement: Emphasis is on the change in the energy due to the change in speed, not on the forces, as objects interact.) (Assessment Boundary: Assessment does not include quantitative measurements of energy.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Asking Questions and Defining 
· Asking questions and defining problems includes specifying qualitative relationships.
· Ask questions that can be investigated and predict reasonable outcomes based on patterns such as cause and effect relationships.

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

	Crosscutting Concepts
	Energy and Matter
Energy can be transferred in various ways and between objects.


Connections to other DCIs in fourth grade: N/A
Articulation of DCIs across grade levels: K.PS2.B; 3.PS2.A;MS.PS2.A; MS.PS3.A, MS.PS3.B, and MS.PS3.C
Connections to English Language Arts:
W.WR.4.5.	Conduct short research projects that use multiple reference sources (print and non-print) and build knowledge through investigation of different aspects of a topic. 
(Science example: Students obtain information about the transfer of energy in a collision.)
RI.AA.4.7.	Analyze how an author uses facts, details and explanations to develop ideas or to support their reasoning.
Connections to Mathematics: N/A
Observable features of the student performance by the end of the grade:
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:
i. A qualitative measure of energy (e.g., relative motion, relative speed, relative brightness) of the object before the collision.
ii. 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.
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.



4-PS3-4.	Apply scientific ideas to design, test, and refine a device that converts energy from one form to another.
(Clarification Statement: 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.) (Assessment Boundary: 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.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Constructing Explanations and Designing Solutions
· Constructing explanations and designing solutions includes the use of evidence in constructing explanations that specify variables that describe and predict phenomena and in designing multiple solutions to design problems.
· Apply scientific ideas to solve design problems.

	Disciplinary Core Ideas
	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)

	Crosscutting Concepts
	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.
Science is a Human Endeavor
· Most scientists and engineers work in teams.
· Science affects everyday life.


Connections to other DCIs in fourth grade: N/A
Articulation of DCIs across grade levels: K.ETS1.A; 2.ETS1.B; 5.PS3.D; 5.LS1.C; MS.PS3.A and MS.PS3.B; MS.ETS1.B and MS.ETS1.C
Connections to English Language Arts: 
RI.CI.4.2.	Summarize an informational text and interpret the author’s purpose or main idea citing key details from the text.
SL.PI.4.4.	Report on a topic or text, tell a story, or recount an experience in an organized manner, using appropriate facts and relevant, descriptive details to support main ideas or themes; speak clearly at an understandable pace.
Connections to Mathematics:
4.DL.A.2.	Develop strategies to collect various types of data and organize data digitally. 
MP.4.	Model with mathematics.
(Science example: Students could describe how change is measured in terms of differences over time and may occur at different rates, using the transformation of the energy of motion into electrical energy as an example.)
Observable features of the student performance by the end of the grade:
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:
i. Specify the initial and final forms of energy (e.g., electrical energy, motion, light).
ii. 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:
i. Criteria:
a) The initial and final forms of energy.
b) Description of how the solution functions to transfer energy from one form to another.
ii. 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.
[bookmark: PS4][bookmark: _Hlk166067235]

[bookmark: _Toc209518823]PS4: Waves and Their Applications in Technologies for Information Transfer
4-PS4-1.	Develop a model of waves to describe patterns in terms of amplitude and wavelength and that waves can cause objects to move.
(Clarification Statement: Examples of models could include diagrams, analogies, and physical models using wire to illustrate wavelength and amplitude of waves.) (Assessment Boundary: Assessment does not include interference effects, electromagnetic waves, non-periodic waves, or quantitative models of amplitude and wavelength.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Developing and Using Models
· Developing and using models includes building and revising simple models and using models to represent events and design solutions.
· Develop a model using an analogy, example, or abstract representation to describe a scientific principle.

	Disciplinary Core Ideas
	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; it does not move in the direction of the wave—observe, for example, a bobbing cork or seabird—except when the water meets the beach. Sound can make matter vibrate, and vibrating matter can make sound. (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). Waves can add or cancel one another as they cross, depending on their relative phase (i.e., relative position of peaks and troughs of the waves), but they emerge unaffected by each other. (Boundary: The discussion at this grade level is qualitative only; it can be based on the fact that two different sounds can pass a location in different directions without getting mixed up.)
· Earthquakes cause seismic waves, which are waves of motion in Earth’s crust.

	Crosscutting Concepts
	Patterns
Similarities and differences in patterns can be used to sort, classify, and analyze simple rates of change for natural phenomena.
Connections to Nature of Science
Scientific Knowledge is Based on Empirical Evidence
Science findings are based on recognizing patterns.


Connections to other DCIs in fourth grade: 4.PS3.A and 4.PS3.B
Articulation of DCIs across grade levels: MS.PS4.A
Connections to English Language Arts: 
SL.PI.4.4.	Report on a topic or text, tell a story, or recount an experience in an organized manner, using appropriate facts and relevant, descriptive details to support main ideas or themes; speak clearly at an understandable pace.
(Science example: Students could construct an argument with evidence that 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.)
SL.UM.4.5.	Add audio recordings and visual displays to presentations when appropriate to enhance the development of main ideas or themes.
Connections to Mathematics: 
4.DL.A. 2.	Develop strategies to collect various types of data and organize it digitally. 
(Science example: Students could make observations and/or measurements to produce data to serve as the basis for evidence for an explanation of a phenomenon related to waves moving across the surface of deep water, including that the water goes up and down in place and that there is no net motion in the direction of the wave..
MP.4.	Model with mathematics.
(Science example: Students could make observations and/or measurements to produce data to serve as the basis for evidence for an explanation of a phenomenon related to waves moving across the surface of deep water, including that the water goes up and down in place and that there is no net motion in the direction of the wave.)
Observable features of the student performance by the end of the grade:
1. Components of the model
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:
i. Waves.
ii. Wave amplitude.
iii. Wavelength.
iv. Motion of objects.
2. Relationships
a. Students identify and describe the relevant relationships between components of the model, including:
i. 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).
ii. Waves can cause an object to move.
iii. The motion of objects varies with the amplitude and wavelength of the wave carrying it.
3. Connections
a. Students use the model to describe:
i. 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.
ii. How waves may be initiated (e.g., by disturbing surface water or shaking a rope or spring).
iii. 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).

4-PS4-2.	Develop a model to describe that light reflecting from objects and entering the eye allows objects to be seen.
(Clarification Statement: The emphasis is on understanding that light traveling from the object to the eye determines what is seen.) (Assessment Boundary: Assessment does not include knowledge of specific colors reflected and seen, the cellular mechanisms of vision, or how the retina works.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Developing and Using Models
· Developing and using models includes building and revising simple models and using models to represent events and design solutions.
· Develop a model to describe phenomena.

	Disciplinary Core Ideas
	PS4.B: Electromagnetic Radiation
· An object can be seen when light reflected from its surface enters the eyes; the color people see depends on the color of the available light sources as well as the properties of the surface. (Boundary: This phenomenon is observed, but no attempt is made to discuss what confers the color reflection and absorption properties on a surface. 
· Lenses can be used to make eyeglasses, telescopes, or microscopes in order to extend what can be seen. The design of such instruments is based on understanding how the path of light bends at the surface of a lens.

	Crosscutting Concepts
	Cause and Effect
Cause and effect relationships are routinely identified.


Connections to other DCIs in fourth grade: N/A
Articulation of DCIs across grade levels: 5.LS1.C; 1.PS4.B and 1.PS4.C; MS.PS4.B; MS.LS1.D
Connections to English Language Arts: 
W.WR.4.5.	Conduct short research projects that use multiple reference sources (print and non-print) and build knowledge through investigation of different aspects of a topic.
SL.II.4.2.	Paraphrase portions of a text read aloud or information presented in diverse media and formats (e.g., visually, quantitatively, and orally).
(Science example: Students could communicate technical information in writing about the criteria and constraints of solutions to a problem related to light reflecting from objects and entering the eye.)
Connections to Mathematics: 
MP.4.	Model with mathematics.
4.G.A.1.	Draw points, lines, line segments, rays, angles (right, acute, obtuse), and perpendicular and parallel lines. Identify these in two-dimensional figures. 
(Science example: Students could develop a model to describe a phenomenon related to the idea that an object can be seen when light reflected from its surface enters the eyes.)
Observable features of the student performance by the end of the grade:
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:
i. Light (including the light source).
ii. Objects.
iii. The path that light follows.
iv. The eye.
2. Relationships
a. Students identify and describe causal relationships between the components, including:
i. Light enters the eye, allowing objects to be seen.
ii. Light reflects off objects and then can travel and enter the eye.
iii. 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:
i. Removing, blocking, or changing the light source (e.g., a dimmer light).
ii. Closing the eye.
iii. 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).


4-PS4-3.	Generate and compare multiple solutions that use patterns to transfer information.
(Clarification Statement: Examples of solutions could include drums sending coded information through sound waves, using a grid of 1’s and 0’s representing black and white to send information about a picture, and using Morse code to send text.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Constructing Explanations and Designing Solutions
· Constructing explanations and designing solutions includes the use of evidence in constructing explanations that specify variables that describe and predict phenomena and in designing multiple solutions to design problems.
· Generate and compare multiple solutions to a problem based on how well they meet the criteria and constraints of the design solution.

	Disciplinary Core Ideas
	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)

	Crosscutting Concepts
	Patterns
Similarities and differences in patterns can be used to sort and classify designed products.
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.


Connections to other DCIs in fourth grade: 4.ETS1.A
Articulation of DCIs across grade levels: K.ETS1.A; 2.ETS1.B and 2.ETS1.C, 3.PS2.A; MS.PS4.C, MS.ETS1.B
Connections to English Language Arts: 
W.SE.4.6.	Gather relevant information from multiple print and digital sources; take notes, prioritize and categorize information; provide a list of sources.
(Science example: Students could combine information from written text with information from diagrams and charts about high-tech devices, such as computers or cell phones, that can convert information from digitized form to voice and vice versa to define a simple design problem.)
RI.CR.4.1.	Refer to details and examples as textual evidence when explaining what an informational text says explicitly and make relevant connections when drawing inferences from the text.
W.IW.4.2.	Write informative/explanatory texts to examine a topic and convey ideas and information clearly. 
(Clarification Statements: Informative writing informs the reader by presenting facts, details, and descriptions about a topic. Explanatory writing explains a process, idea, or concept by showing how or why something happens.)
Connections to Mathematics: N/A
Observable features of the student performance by the end of the grade:
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:
i. 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).
ii. 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:
i. The distance over which information is transmitted.
ii. Safety considerations.
iii. 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.


[bookmark: ls1][bookmark: _Toc209518824]LS1: From Molecules to Organisms: Structures and Processes
[bookmark: _Hlk29210522]4-LS1-1.	Construct an argument that plants and animals have internal and external structures that function to support survival, growth, behavior, and reproduction.
(Clarification Statement: Examples of macroscopic structures in plants and animals include features that support survival and function. In plants, thorns can help deter predators, stems provide support and transport water and nutrients, roots absorb water and nutrients from the soil, and brightly colored petals attract pollinators. In animals, the heart pumps blood throughout the body, the stomach digests food, the lungs enable breathing, the brain coordinates bodily functions, and the skin acts as a protective barrier.) (Assessment Boundary: Assessment is limited to macroscopic structures within plant and animal systems.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Engaging in Argument from Evidence 
· Engaging in argument from evidence includes critiquing the scientific explanations or solutions proposed by peers by citing relevant evidence about the natural and designed world(s).
· Construct an argument with evidence, data, and/or a model.

	Disciplinary Core Ideas
	LS1.A: Structure and Function
Plants and animals have both internal and external structures that serve various functions in growth, survival, behavior, and reproduction. (Boundary: Stress at this grade level is on understanding the macroscale systems and their function, not microscopic processes.)

	Crosscutting Concepts
	Systems and System Models
A system can be described in terms of its components and their interactions.


Connections to other DCIs in fourth grade: N/A
Articulation of DCIs across grade levels: 1.LS1.A and 1.LS1.D; 3.LS3.B; MS.LS1.A
Connections to English Language Arts: 
RI.MF.4.6.	Use evidence to show how graphics and visuals (e.g., illustrations, charts, graphs, diagrams, timelines, animations) support central ideas.
(Science example: Students could combine information from written text with information from diagrams and charts about high-tech devices, such as computers or cell phones, that can convert information from digitized form to voice and vice versa to define a simple design problem.)
SL.PI.4.4.	Report on a topic or text, tell a story, or recount an experience in an organized manner, using appropriate facts and relevant, descriptive details to support main ideas or themes; speak clearly at an understandable pace.
(Science example: Students can report on how and why the shapes and parts of plants’ and animals’ internal and external structures serve functions in growth, survival, behavior, and reproduction.)
Connections to Mathematics: 
4.G.A.3.	Recognize a line of symmetry for a two-dimensional figure as a line across the figure such that the figure can be folded across the line into matching parts. Identify line-symmetric figures and draw lines of symmetry. 
(Science example: Recognize symmetry, or lack of symmetry, in the internal and external structures of plants and animals. Does the symmetry or lack thereof contribute to the function? (For example, bilateral symmetry is a signal of reproductive fitness in many animals; the asymmetry in an owl’s face helps it pinpoint the location of prey.))
Observable features of the student performance by the end of the grade:
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:
i. The internal and external structures of selected plants and animals.
ii. 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
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:
i. Internal and external structures serve specific functions within plants and animals (e.g., the heart pumps blood to the body, thorns discourage predators).
ii. 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).
iii. 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).

4-LS1-2.	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 in different ways.
(Clarification Statement: Emphasis is on systems of information transfer.) (Assessment Boundary: Assessment does not include the mechanisms by which the brain stores and recalls information or the mechanisms of how sensory receptors function.)


	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Developing and Using Models
· Developing and using models includes building and revising simple models and using models to represent events and design solutions.
· Use a model to test interactions concerning the functioning of a natural system.

	Disciplinary Core Ideas
	LS1.D: Information Processing
· Different sense receptors are specialized for particular kinds of information, which may then be processed and integrated by an animal’s brain, with some information stored as memories. 
· Animals are able to use their perceptions and memories to guide their actions. 
· Some responses to information are instinctive—that is, animals’ brains are organized so that they do not have to think about how to respond to certain stimuli.

	Crosscutting Concepts
	Systems and System Models
A system can be described in terms of its components and their interactions.


Connections to other DCIs in fourth grade: N/A
Articulation of DCIs across grade levels: MS.LS1.A and MS.LS1.D
Connections to English Language Arts: 
SL.PE.4.1.	Engage effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grade 4 topics and texts, building on others’ ideas and expressing their own clearly.
(Science example: Students could use the idea that animals are able to use their perceptions and memories to guide their actions to make predictions about what would happen (e.g., how an animal would act) if a variable changes, such as when what the animal perceives changes.)
SL.UM.4.5.	Add audio recordings and visual displays to presentations when appropriate to enhance the development of main ideas or themes.
Connections to Mathematics: N/A


Observable features of the student performance by the end of the grade:
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:
i. Different types of information about the surroundings (e.g., sound, light, odor, temperature).
ii. Sense receptors able to detect different types of information from the environment.
iii. Brain.
iv. Animals’ actions.
2. Relationships
a. Students describe the relationships between components in the model, including:
i. Different types of sense receptors detect specific types of information within the environment.
ii. Sense receptors send information about the surroundings to the brain.
iii. Information that is transmitted to the brain by sense receptors can be processed immediately as perception of the environment and/or stored as memories.
iv. Immediate perceptions or memories processed by the brain influence an animal’s action or responses to features in the environment.
3. Connections
a. Students use the model to describe that:
i. Information in the environment interacts with animal behavioral output via interactions mediated by the brain.
ii. 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).
iii. 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:
i. Information in the environment.
[bookmark: ess1][bookmark: _Toc209518825]ESS1: Earth’s Place in the Universe
4-ESS1-1.	Identify evidence from patterns in rock formations and fossils in rock layers to support an explanation for changes in a landscape over time.
(Clarification Statement: 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 Boundary: 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.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Constructing Explanations and Designing Solutions
· Constructing explanations and designing solutions includes the use of evidence in constructing explanations that specify variables that describe and predict phenomena and in designing multiple solutions to design problems.
· Identify the evidence that supports particular points in an explanation.

	Disciplinary Core Ideas
	ESS1.C: The History of Planet Earth
· Earth has changed over time. Understanding how landforms develop, are weathered (broken down into smaller pieces), and erode (get transported elsewhere) can help infer the history of the current landscape. 
· 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. Patterns of tree rings and ice cores from glaciers can help reconstruct Earth’s recent climate history.

	Crosscutting Concepts
	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.


[bookmark: _Hlk166072104]Connections to other DCIs in fourth grade: N/A
Articulation of DCIs across grade levels: 2.ESS1.C; 3.LS4.A; MS.LS4.A; MS.ESS1.C; MS.ESS2.A and MS.ESS2.B
Connections to English Language Arts: 
RI.CT.4.8.	Compare and contrast the treatment of similar themes, topics and patterns of events in informational texts from authors of different cultures.
SL.PE.4.1.	Engage effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grade 4 topics and texts, building on others’ ideas and expressing their own clearly. 
(Science examples: Students could use examples of local, regional, and global patterns of rock formations to explain that change is measured in terms of differences over time and may occur at different rates.
Students could describe how the science methods they used to investigate the presence and location of certain fossils were determined by their questions.)
Connections to Mathematics:
MP.2.	Reason abstractly and quantitatively.
4.M.A.1.	Know relative sizes of measurement units within one system of units including km, m, cm; kg, g; lb, oz.; l, ml; hr, min, sec. Within a single system of measurement, express measurements in a larger unit in terms of a smaller unit. Record measurement equivalents in a two-column table.
(Science example: A limestone layer with many marine fossils is visible in the Grand Canyon. One reference book lists this layer as being 300 feet thick. Another reference book lists this layer as being 100 yards thick. Are the two references consistent?)
Observable features of the student performance by the end of the grade:
1. Articulating the explanation of phenomena
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:
i. 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).
ii. Ordering of rock layers (e.g., layer with marine fossils is found below layer with land fossils).
iii. Presence of particular fossils (e.g., shells, land plants) in specific rock layers.
iv. 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:
i. 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).
ii. 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).
iii. 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).
[bookmark: ess2]

[bookmark: _Toc209518826]ESS2: Earth’s Systems
4-ESS2-1.	Make observations and/or measurements to provide evidence of the effects of weathering or the rate of erosion by water, ice, wind, or vegetation.
(Clarification Statement: 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 Boundary: Assessment is limited to a single form of weathering or erosion.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Planning and Carrying Out Investigations 
· Planning and carrying out investigations to answer questions or test solutions to problems includes investigations that control variables and provide evidence to support explanations.
· Make observations and/or measurements to produce data to serve as the basis for evidence for an explanation of a phenomenon.

	Disciplinary Core Ideas
	ESS2.A: Earth Materials and Systems
· Rainfall helps 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. 
· Human activities affect Earth’s systems and their interactions at its surface.

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


Connections to other DCIs in fourth grade: N/A
Articulation of DCIs across grade levels: 5.PS2.B; 5.ESS1.B
Connections to English Language Arts: 
SL.PI.4.4.	Report on a topic or text, tell a story, or recount an experience in an organized manner, using appropriate facts and relevant, descriptive details to support main ideas or themes; speak clearly at an understandable pace.
(Science example: Students could combine information in written text with information in charts to support an argument about how rainfall affects the types of living things found in a region.)
RI.MF.4.6.	Use evidence to show how graphics and visuals (e.g., illustrations, charts, graphs, diagrams, timelines, animations) support central ideas. 
(Science example: Students could represent data in various graphical displays to reveal patterns that indicate relationships between ice and the breaking of rocks, soils, and sediments into smaller particles.)
Connections to Mathematics:
MP.5.	Use appropriate tools strategically.
(Science example: Students could represent data in various graphical displays to reveal patterns that indicate relationships between ice and the breaking of rocks, soils, and sediments into smaller particles.)
4.M.A.1.	Know relative sizes of measurement units within one system of units including km, m, cm; kg, g; lb, oz.; l, ml; hr, min, sec. Within a single system of measurement, express measurements in a larger unit in terms of a smaller unit. Record measurement equivalents in a two-column table. 
Observable features of the student performance by the end of the grade:
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:
i. The change in the relative steepness of slope of the area (e.g., no slope, slight slope, steep slope).
ii. The kind of weathering or erosion to which the Earth material is exposed.
iii. The change in the shape of Earth materials as the result of weathering or the rate of erosion by one of the following:
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:
i. The relative speed of the flow of air or water.
ii. The number of cycles of freezing and thawing.
iii. The number and types of plants growing in the Earth material.
iv. The relative amount of soil or sediment transported by erosion.
v. The number or size of rocks transported by erosion.
vi. The breakdown of materials by weathering (e.g., ease of breaking before or after weathering, size/number of rocks broken down).
a. Students describe the controlled variables, including:
i. Those variables that affect the movement of water (e.g., flow speed, volume, slope).
ii. Those variables that affect the movement of air.
iii. The water temperature and forms of matter (e.g., freezing, melting, room temperature).
iv. 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).
4-ESS2-2.	Analyze and interpret data from maps to describe patterns of Earth’s features. 
(Clarification Statement: 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.) (Assessment Boundary: Assessment does not include plate tectonics.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Analyzing and Interpreting Data
· Analyzing and interpreting data includes quantitative approaches to collecting data and conducting multiple trials of qualitative observations.
· Analyze and interpret data to make sense of phenomena using logical reasoning.

	Disciplinary Core Ideas
	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.

	Crosscutting Concepts
	Patterns
Patterns can be used as evidence to support an explanation.


Connections to other DCIs in fourth grade: N/A
Articulation of DCIs across grade levels: 2.ESS2.B and 2.ESS2.C; 5.ESS2.C; MS.ESS1.C; MS.ESS2.A and MS.ESS2.B
Connections to English Language Arts: 
RI.MF.4.6.	Use evidence to show how graphics and visuals (e.g., illustrations, charts, graphs, diagrams, timelines, animations) support central ideas.
(Science example: Students could 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).
W.IW.4.2.	Write informative/explanatory texts to examine a topic and convey ideas and information clearly.
(Science example: Students could use logical reasoning, based on their evidence, to explain the causes of the earthquakes occurring in a pattern around the Pacific Ocean.)
Connections to Mathematics:
4.M.A.1.	Know relative sizes of measurement units within one system of units including km, m, cm; kg, g; lb, oz.; l, ml; hr, min, sec. Within a single system of measurement, express measurements in a larger unit in terms of a smaller unit. Record measurement equivalents in a two-column table. 
(Science example: One map shows that a particular point in the ocean is 1600 meters deep while another map shows the same point as being 1.5 kilometers deep. Are the two maps consistent?)
4.M.A.2.	Use the four operations to solve word problems involving distances, intervals of time, liquid volumes, masses of objects, and money, including problems involving simple fractions or decimals, and problems that require expressing measurements given in a larger unit in terms of a smaller unit. Represent measurement quantities using diagrams such as number line diagrams that feature a measurement scale. 
(Science example: A coastline reduces by an average of 4 feet per year. In an 18-month period, approximately how much of the coastline has been lost?)
Observable features of the student performance by the end of the grade:
1. Organizing data
a. [bookmark: _Hlk210306527]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:
i. Volcanoes and earthquakes occur in bands that are often along the boundaries between continents and oceans.
ii. 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 by a ring of volcanoes, all continents are surrounded by water (assume Europe and Asia are identified as Eurasia)).


[bookmark: ess3][bookmark: _Toc209518827]ESS3: Earth and Human Activity
4-ESS3-1.	Obtain and combine information to describe that energy and fuels are derived from natural resources and their uses affect the environment.
(Clarification Statement: 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 fossil fuels. This concept is prerequisite to understanding the direct and indirect human impacts on climate, and more broadly, the environment.) 
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Obtaining, Evaluating, and Communicating Information
· Obtaining, evaluating, and communicating information includes evaluating the merit and accuracy of ideas and methods.
· Obtain and combine information from books and other reliable media to explain phenomena.

	Disciplinary Core Ideas
	ESS3.A: Natural Resources
· All materials, 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.
· 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.

	Crosscutting Concepts
	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.


Connections to other DCIs in fourth grade: N/A
Articulation of DCIs across grade levels: 5.ESS3.C; MS.PS3.D; MS.ESS2.A; MS.ESS3.A, MS.ESS3.C and MS.ESS3.D
Connections to English Language Arts: 
W.WR.4.5.	Conduct short research projects that use multiple reference sources (print and non-print) and build knowledge through investigation of different aspects of a topic. 
W.SE.4.6.	Gather relevant information from multiple print and digital sources; take notes, prioritize and categorize information; provide a list of sources. 
Connections to Mathematics:
MP.2.	Reason abstractly and quantitatively.
MP.4.	Model with mathematics.
(Science example: Students could collaboratively develop a model based on evidence that shows the relationships among variables for frequent and regular occurring events such as the relationship between use of fuels and effects on the environment.)
4.OA.A.1.	Interpret a multiplication equation as a comparison, e.g., interpret 35 = 5 × 7 as a statement that 35 is 5 times as many as 7 and 7 times as many as 5. Represent verbal statements of multiplicative comparisons as multiplication equations. 
(Science example: Be quantitative when discussing environmental effects. For example, say not only that a particular oil spill was ‘large,’ but that 5 million gallons were spilled, or that the oil spill was 40 times larger than the next- worst oil spill.)
Observable features of the student performance by the end of the grade:
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:
i. 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).
ii. How they address human energy needs.
iii. The positive and negative environmental effects of using each energy resource.
2. Evaluating information
a. Students combine the obtained information to provide evidence about:
i. The effects on the environment of using a given energy resource.
ii. Whether the energy resource is renewable.
iii. 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:
i. Energy resources and the environmental effects of using that energy source.
ii. The role of technology in extracting and using an energy resource.
4-ESS3-2.	Generate and compare multiple solutions to reduce the impacts of natural Earth processes have on humans.
(Clarification Statement: Solutions to reduce the impacts of natural Earth processes can include designing earthquake-resistant buildings and improving systems for monitoring volcanic activity. Developing these kinds of solutions helps lay the groundwork for students to later use systematic and iterative approaches to design objects, processes, and systems that address broader challenges such as climate change and environmental harm. (Assessment Boundary: Assessment is limited to earthquakes, floods, tsunamis, and volcanic eruptions.)
	Dimension
	Descriptions of the Developmentally Appropriate Elements

	Science and Engineering Practices
	Constructing Explanations and Designing Solutions
· Constructing explanations and designing solutions includes the use of evidence in constructing explanations that specify variables that describe and predict phenomena and in designing multiple solutions to design problems.
· Generate and compare multiple solutions to a problem based on how well they meet the criteria and constraints of the design solution.

	Disciplinary Core Ideas
	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. 
ETS1.B: Designing Solutions to Engineering Problems
Testing a solution involves investigating how well it performs under a range of likely conditions. (secondary)

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


Connections to other DCIs in fourth grade: N/A
Articulation of DCIs across grade levels: K.ETS1.A; 2.ETS1.B and 2.ETS1.C; MS.ESS2.A; MS.ESS3.B; MS.ETS1.B
Connections to English Language Arts: 
RL.CR.4.1.	Refer to details and examples as textual evidence when explaining what a literary text says explicitly and make relevant connections when drawing inferences from the text. 
RI.CT.4.8.	Compare and contrast the treatment of similar themes, topics and patterns of events in informational texts from authors of different cultures.
Connections to Mathematics:
MP.2.	Reason abstractly and quantitatively. 
MP.4	Model with mathematics.
(Science example: Students could analyze data to refine the design of a proposed process intended to reduce the impact of a hazard resulting from a natural process (e.g., earthquakes, tsunamis, volcanic eruptions).
4.OA.A.1.	Interpret a multiplication equation as a comparison, e.g., interpret 35 = 5 × 7 as a statement that 35 is 5 times as many as 7 and 7 times as many as 5. Represent verbal statements of multiplicative comparisons as multiplication equations. 


Observable features of the student performance by the end of the grade:
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.
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