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	[bookmark: _Toc153372764]Introduction
The use of formative assessment practices, with informative and immediate feedback that leads to adjustments to instructional next steps, has been shown to be effective in helping students learn (Black & Wiliam, 1998; Wylie & Lyon, 2009; Heritage, 2010). Interim or large-scale summative assessments, such as those required under the Every Student Succeeds Act of 2015 (ESSA), cannot and are not meant to inform daily instruction because of how and when they are administered. These forms of assessment can bring value to an assessment system, but only if coordinated and meaningfully aligned within a comprehensive, coherent system. 
The Coherence and Alignment Among Science Curriculum, Instruction, and Assessment (CASCIA) Project brings together three partner states—Nebraska, Alabama, and Alaska—with a team of researchers and experts to establish science assessment resources that are coordinated and aligned across all parts of the assessment system. With coherence as the guiding principle, these state-level educators and national science education and measurement experts have joined with hundreds of local educators to address states’ need for quality, standards-aligned science assessments that generate meaningful, interpretable, and actionable results, and to design a scoring and score reporting framework that builds educators’ capacity to track, interpret, and communicate students’ learning in science and to offer effective instruction for all students.
[bookmark: _Toc153372765]Purpose
The purpose of the Grade 8 Unit 2 End-of-Unit Assessment Task Interpretation Guide is to support educators’ understanding of the Grade 8 Unit 2 End-of-Unit assessment tasks and prompts, their features, and the evidence (i.e., knowledge and skills) they are designed to elicit about student learning, and how the assessment and the information it provides can be used to plan instruction and learning opportunities for students, whether it involves planning for instruction prior to teaching the instructional unit, reflecting on the quality and sufficiency of prior instruction and instructional materials or planning additional student
	
	learning opportunities or interventions in the subsequent unit (e.g., SIPS Unit 3).
The Grade 8 Unit 2 Science Assessment includes three science tasks, each including multiple scorable prompts. Task 1, Orbiting Around, includes three prompts and 12 possible score points, with two prompts having a Part A and Part B and one prompt having a Part A, B, and C; Task 2, Earth, Moon, and Sun includes two prompts and 12 possible score points with one prompt having a Part A, B, and C and one prompt having a Part A and Part B; Task 3, Earth’s Solar System, includes four prompts and 18 possible score points, with two prompts having a Part A, B, and C and two prompts having a Part A and Part B.
Prompts from the three tasks that measure similar combinations of dimensions (i.e., Disciplinary Core Ideas, Science and Engineering Practices, and Crosscutting Concepts) from the Next Generation Science Standards (NGSS) are organized into three performance categories. The NGSS Performance Expectations (PEs) are addressed in one or more performance categories to provide multiple opportunities to demonstrate flexible thinking and competency in different situations and contexts.
	Performance Category
	NGSS PEs
	Prompts in Performance Category
	Points Possible

	Model Relationships Among Objects in Earth’s Solar System
	MS-ESS1-1
MS-ESS1-2
MS-ESS1-3
	Task 1, Prompt 1AB
Task 1, Prompt 3AB
Task 2, Prompt 2A
Task 3, Prompt 3A
	13 points

	Support Arguments About Earth’s Place in the Solar System and Universe
	MS-ESS1-1
MS-ESS1-2
MS-ESS1-3
MS-PS2-4
	Task 1, Prompt 3C
Task 2, Prompt 1ABC
Task 2 Prompt 2B
Task 3, Prompt 3B
Task 3, Prompt 4
	16 points

	Analyze Data to Describe Interactions Among Objects in Earth’s Solar System
	MS-ESS1-3
MS-PS2-4
	Task 1, Prompt 2AB
Task 3, Prompt 1AB
Task 3, Prompt 1C
Task 3, Prompt 2
	13 points




		

	[bookmark: _Toc153372766]Contents
This document includes interpretive guidance to support educators’ understanding of each prompt on the Grade 8 Unit 2 EOU Assessment, its features, and the evidence it is designed to elicit about students’ learning, and offers important connections to the learning goals, formative assessment opportunities, and lesson descriptions within the SIPS Grade 8 Unit 2 Map / Instructional Framework as well as connections to future learning opportunities in the next unit.
For each prompt, the following information is provided:
· Performance Category – A classification of prompts within the EOU based on similarities in knowledge, skills, and abilities for which the prompts were designed to measure.
· Acquisition Goals – Specific goals that describe what students should understand, know, and be able to do at the end of a unit or course of instruction. The acquisition goals are derived from Stage 1 of the unit map / instructional framework that the prompt is intended to measure. 
· Prompt Knowledge and Skills for Measurement  – The evidence of student learning the prompt is designed to elicit.
· Prompt and Exemplar Response – The prompt consists of one to three sentences that raises an issue or asks a question to which students need to respond. An exemplar response represents a high-quality response that provides evidence that students have demonstrated the knowledge, skills, and abilities assessed by the prompt. Student exemplars are intended to assist in understanding the nature and expectations of the prompt. However, students may respond with other relevant scientifically accurate responses, evidence, observations, and ideas.
In general, a full-point exemplar response meets expectations and is:
· scientifically accurate
· complete
· coherent
	
	· consistent with the type of student evidence expected as described in the rubric
For examples of student responses for each prompt representative of the full range of score points possible based on the scoring rubric, access the Grade 8 Unit 2 EOU Assessment Scoring Guide.
· Prompt Complexity – The complexity features of the prompt based on the SIPS Complexity Framework. The sophistication of students’ ability to demonstrate sense-making is characterized by their ability to (a) use disciplinary core ideas (DCIs), scientific and engineering practices (SEPs), and crosscutting concepts (CCCs) together in the service of sense-making about a phenomenon or problem, and (b) engage with and respond to items and tasks designed using variable features representing combinations of Low, Moderate, and High complexity designations. These combinations of features are based on the SIPS Complexity Framework.
Adapted from the Cambridge Alignment Methodology (Forte, 2021) and informed by aspects of Achieve’s Framework to Evaluate Cognitive Complexity in Science Assessments (Achieve, 2019), the SIPS Complexity Framework is grounded in sense-making and students’ ability to flexibly apply knowledge through the integration of the same and new/different combinations of dimensions within the PEs from a unit bundle, in the context of a phenomenon or phenomenon-rooted design problem based on the focal DCIs. 
· Prompt Connections to the Unit Map / Instructional Framework – A high-level overview of the evidence elicited by the prompt related to the acquisition goals, connections to the instructionally-embedded formative assessment opportunities within stage 2 of the unit map, and connections to opportunities to learn based on the lesson descriptions within stage 3 of the unit map.
For each of the three tasks, the following information is provided:
· Connections to Future Learning Opportunities – The knowledge, skills, and abilities elicited by the prompt that can be leveraged and extended in future learning. Unit connections highlight where and how an educator can emphasize connections for students in the next unit.

	[bookmark: _Toc137113587][bookmark: _Toc153372767]SIPS Grade 8 Unit 2 EOU Assessment Task 1: Orbiting Around
[bookmark: _Toc137113588][bookmark: _Toc153372768]Task 1 Prompt 1 – Parts A and B
Performance Category: Model Relationships Among Objects in Earth’s Solar System
Acquisition Goals
· [bookmark: _Toc153372769][bookmark: _Toc151114313]A1. Obtain, evaluate, and/or communicate information that gravitational forces are always attractive. *
· [bookmark: _Toc153372770]A17. Construct a model of a two-body system showing the attractive forces and their impact on the motion of the two objects relative to one another. 
· A19. Construct and present an argument about how gravitational forces lead to a regular orbital motion of a moving object. 
Prompt 1 Parts A and B measure the students’ ability to:
· Develop or use models to support descriptions and predictions of relationships about the role of gravity and inertia in the motions of planets within the solar system.
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	Task 1 Prompt 1 Parts A and B Complexity

	Degree and Nature of Sensemaking
	Moderate
	This prompt…
· Requires integration of two dimensions in the service of sense-making

	Complexity of the Presentation
	Low
	· The amount and type of information provided in the scenario supports limited simple connections among ideas or 
· Provides few, simple graphics/data/models

	Cognitive Demand of Response Development
	Moderate
	· Requires drawing relationships and connecting ideas and practices 
· Requires a moderate level of sophistication with typical and relatively complex representation of ideas and application of skills 

	Cognitive Demand of Response Production
	Low
	· Responses include selection from a small set of options presented as text (e.g., word, short phrase) or other formats (e.g., or a simple graphic or process)




		Task 1 Prompt 1 Parts A and B 
Connections to the Instructional Framework

	Integration of Knowledge and Skills for Response Development

	· Students read the task and provided background information.
· Students recall Newton’s First Law of Motion and focus on the phenomena of the orbital nature of a planet and sun interacting via gravity and inertia.
· In Part A, students use the corresponding letters for each label provided to model gravity as the attractive force that keeps solar systems together. 
· In Part B, students provide a critique based on the model by citing relevant evidence that elaborates on what would happen if the planet had no inertia. Students are expected to recognize that the planet would be pulled into the sun and that gravitational forces and inertia lead to the regular orbital motion of a moving object.

	Formative Assessments 
	Opportunities to Learn

	Segment 1, pp. 12-13 
Formal Assessment: Modeling How Gravitational Forces Affect Motion (A17)
· Students develop a model that shows the attractive forces in a two-body system and the impact of the forces on the motion of the two objects relative to one another.
	Segment 1, p. 29
Modeling How Gravitational Forces Affect Motion (A17, A19*)
· In this lesson, students demonstrate how well they understand and can model the relationships between force, mass, and relative motion in two body systems.
Segment 3, pp. 36-37
Rotating Discs in Space (A19)
· Students explore why the disc shape in galaxies is so common and explore other questions about gravity. Students recognize that an attractive force of gravity drives all these processes.








	
	



	
[bookmark: _Toc153372771]Task 1 Prompt 2 – Parts A and B
Performance Category: Analyze Data to Describe Interactions Among Objects in Earth’s Solar System
Acquisition Goals
· A14. Obtain, evaluate, and/or communicate information that our solar system includes multiple types of objects that orbit the Sun (and may also orbit one another). *
· A15. Construct and present an argument to support or refute an explanation that our solar system includes multiple types of objects that orbit the sun (and may also orbit one another). *
· A16. Use data on orbital motions, including distances, to determine the relative masses of different objects in an orbital system. *
Prompt 2 Parts A and B measure the students’ ability to:
· Analyze and interpret data and graphs to support conclusions about observed patterns related to the orbits of the inner planets and outer planets at different scales.














	Task 1 Prompt 2 Parts A and B Complexity

	Degree and Nature of Sensemaking
	Moderate
	This prompt…
· Requires integration of two dimensions in the service of sense-making

	Complexity of the Presentation
	Moderate
	· The amount and type of information provided in the scenario supports multiple evident connections among ideas or concepts.
· Provides graphics/data/models

	Cognitive Demand of Response Development
	Moderate
	· Requires drawing relationships and connecting ideas and practices. 
· Requires a moderate level of sophistication with typical and relatively complex representation of ideas and application of skills 

	Cognitive Demand of Response Production
	Moderate
	· Responses include one or more sentences or a paragraph, a moderately complex graphic, or multiple steps in a simple or moderately complex process








	Task 1 Prompt 2 Parts A and B
Connections to the Instructional Framework

	Formative Assessments 
	Opportunities to Learn

	· [bookmark: _Toc153372772]Students describe scientific evidence about how scale (in mass, distance, and time) determines which components are relevant when understanding the solar system, galaxy, or universe.
Segment 3, pp. 19-20
[bookmark: _Toc153372773]Formal Assessment: Using Evidence to Develop an Argument about Objects in our Solar System (A14)
· [bookmark: _Toc153372774]Students describe (in degrees of magnitude) the relative spatial scales involved, from solar systems to galaxies to broader clusters in the universe.
· [bookmark: _Toc153372775]Students describe scientific evidence about how scale (in mass, distance, and time) determines which components are relevant when understanding the solar system, galaxy, or universe.
	Segment 3, pp. 37-38
Modeling Earth, Our Solar System, and Our Galaxy: “Around We Go” (A14)
· Students have explored the why behind the universe's structure, and now they switch to the “what” of the structure of our solar system, galaxy, and the universe. Students research objects in the solar system, present to their peers, and document what they learn.
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	Task 1 Prompt 2 Parts A and B
Connections to the Instructional Framework

	Integration of Knowledge and Skills for Response Development

	· Students read the prompt text and analyze the data table that includes information about planets in our solar system.
· Students identify a relationship between planets’ distance traveled in an orbital period and the order of planets outward from the sun.
· Students classify planets and inner or outer based on the time taken to complete an orbital period.
· Students use the patterns found in data to draw conclusions and identify characteristics based on planets’ locations within the solar system. 

	Formative Assessments 
	Opportunities to Learn

	Segment 1, p. 11
[bookmark: _Toc153372776]Informal Assessment: Using Gravity to Find Alien Worlds (A16*)
· [bookmark: _Toc153372777]Students use data to answer questions and support explanations of objects in an orbital system based on orbital motions, including distances.
Segment 3, p. 18
[bookmark: _Toc153372778]Informal Assessment: Lumpy Space? Empty Space? Why is Our Universe the Way it is? (A14)
· [bookmark: _Toc153372779]Students describe (in degrees of magnitude) the relative spatial scales involved, from solar systems to galaxies to broader clusters in the universe.
	Segment 1, pp. 29-30
Using Gravity to Find Alien Worlds (A16)
· Students learn about the search for exoplanets and how astronomers can find these star systems using gravity. 
· Students discuss their ideas around exoplanets and consider how they might be discovered.
Segment 3, pp. 34-35
Lumpy Space? Empty Space? Why is Our Universe the Way it is? (A14)
· After students have brainstormed a set of questions they want to answer, the teacher provides students with websites that give information about the Milky Way galaxy, our solar system, and objects found in our solar system.





	Task 1 Prompt 2 Parts A and B
Connections to the Instructional Framework

	Formative Assessments 
	Opportunities to Learn

	Segment 3, pp. 20-21
[bookmark: _Toc153372780]Formal Assessment: Communicating About Objects in Our Solar System, The Milky Way, and the Universe (A14)
· Students use evidence, data, or a model to support an argument that our solar system includes multiple types of objects that orbit the sun (and may also orbit one another).
	











	
[bookmark: _Toc153372781]Task 1 Prompt 3 – Parts A and B
Performance Category: Model Relationships Among Objects in Earth’s Solar System
Acquisition Goals
· [bookmark: _Toc151114320]A13. Obtain, evaluate, and/or communicate information that our solar system is located within the Milky Way galaxy, one of many galaxies. *
· A14. Obtain, evaluate, and/or communicate information that our solar system includes multiple types of objects that orbit the Sun (and may also orbit one another). *
Prompt 3 Parts A and B measure students’ ability to:
· Develop or use models to support descriptions and predictions of relationships about scale relationships representing distances and objects in the solar system.
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	Task 1 Prompt 3 Parts A and B
Connections to the Instructional Framework

	Integration of Knowledge and Skills for Response Development

	· Students use a provided scale to create a model of a system that includes Earth, the moon, and a near-Earth object.
· In Part A, students complete a model using the provided scale and objects in the key.
· In Part B, students evaluate the limitations of the scale used in Part A by considering how to represent the diameter of the three objects in the model. 

	Formative Assessments 
	Opportunities to Learn

	Segment 3, p. 18
[bookmark: _Toc153372782]Informal Assessment: Lumpy Space? Empty Space? Why is Our Universe the Way it is? (A13, A14)
· [bookmark: _Toc153372783]Students describe (in degrees of magnitude) the relative spatial scales involved, from solar systems to galaxies to broader clusters in the universe.
· [bookmark: _Toc153372784]Students describe scientific evidence about how scale (in mass, distance, and time) determines which components are relevant when understanding the solar system, galaxy, or universe.

	Segment 3, pp. 34-35
Lumpy Space? Empty Space? Why is Our Universe the Way it is? (A13, A14)
· After students have brainstormed a set of questions they want to answer, the teacher provides students with websites that give information about the Milky Way galaxy, our solar system, and objects found in our solar system.



	
	
	Task 1 Prompt 3 Parts A and B Complexity

	Degree and Nature of Sensemaking
	High
	This prompt…
· Requires integration of three dimensions in the service of sense-making
· Requires a combination of previously learned ideas or concepts and newly presented information

	Complexity of the Presentation
	Moderate
	· The amount and type of information provided in the scenario supports multiple evident connections among ideas or concepts
· Provides graphics/data/models

	Cognitive Demand of Response Development
	High
	· Requires selection and application of multiple complex ideas and practices
· Requires high degree of sense-making, reasoning, and/or transfer

	Cognitive Demand of Response Production
	High
	· Responses include multiple paragraphs, multiple graphics of at least moderate complexity, or multiple steps in a complex process








	Task 1 Prompt 3 Parts A and B
Connections to the Instructional Framework, Continued

	Formative Assessments 
	Opportunities to Learn

	Segment 3, pp. 19-20
[bookmark: _Toc153372785]Formal Assessment: Using Evidence to Develop an Argument about Objects in our Solar System (A13, A14)
· [bookmark: _Toc153372786]Students describe (in degrees of magnitude) the relative spatial scales involved, from solar systems to galaxies to broader clusters in the universe.
· [bookmark: _Toc153372787]Describe scientific evidence about how scale (in mass, distance, and time) determines which components are relevant when understanding the solar system, galaxy, or universe.
	Segment 3, pp. 37-38
Modeling Earth, Our Solar System, and Our Galaxy: “Around We Go” (A13, A14)
· Students have explored the why behind the universe's structure, and now they switch to the “what” of the structure of our solar system, galaxy, and the universe. Students research objects in the solar system, present to their peers, and document what they learn.









	[bookmark: _Hlk143241469]
[bookmark: _Toc153372788]Task 1 Prompt 3 – Part C
Performance Category: Support Arguments About Earth’s Place in the Solar System and Universe
Acquisition Goals
· A14. Obtain, evaluate, and/or communicate information that our solar system includes multiple types of objects that orbit the Sun (and may also orbit one another). *
· A15. Construct and present an argument to support or refute an explanation that our solar system includes multiple types of objects that orbit the sun (and may also orbit one another). *
Prompt 3 Part C measures students’ ability to:
· Support an argument with evidence, data, or a model to explain the relationship between asteroid diameters and frequency. 






	Task 1 Prompt 3 Part C Complexity

	Degree and Nature of Sensemaking
	Moderate
	This prompt…
· Requires integration of two dimensions in the service of sense-making

	Complexity of the Presentation
	Low
	· The amount and type of information provided in the scenario supports limited simple connections among ideas or concepts

	Cognitive Demand of Response Development
	Moderate
	· Response requires a moderate level of sophistication with typical but relatively complex representation of ideas and application of skills

	Cognitive Demand of Response Production
	Moderate
	· Responses include one or more sentences or a paragraph, a moderately complex graphic, or multiple steps in a simple or moderately complex process
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	Task 1 Prompt 3 Part C
Connections to the Instructional Framework

	Integration of Knowledge and Skills for Response Development

	· Students refer to Figure 3, which shows the diameter of asteroids versus the number of asteroids in our solar system.
· Students interpret a graph displaying a data set to describe the relationship between asteroid diameters and the number of asteroids in Earth’s solar system.
· Students support their answer using data from Figure 3 and reasoning that is centered around the inverse relationship between the size and number of asteroids 

	Formative Assessments 
	Opportunities to Learn

	Segment 3, pp. 20-21
[bookmark: _Toc153372789]Formal Assessment: Communicating About Objects in Our Solar System, The Milky Way, and the Universe (A14*, A15)
· Students identify and use evidence, data, or a model to support an argument that our solar system includes multiple types of objects that orbit the sun (and may also orbit one another).
	Segment 3, pp. 34-35
Lumpy Space? Empty Space? Why is Our Universe the Way it is? (A14)
· After students have brainstormed a set of questions they want to answer, the teacher provides students with websites that give information about the Milky Way galaxy, our solar system, and objects found in our solar system.
Segment 3, pp. 37-38
Modeling Earth, Our Solar System, and Our Galaxy: “Around We Go” (A14)
· Students explore the structure of our solar system, galaxy, and universe by researching topics (e.g., stars, planets, exoplanets, comets, asteroids, etc.) and sharing their learning with peers.





	Future Learning Connected to evidence elicited in Task 1

	Crosscutting Concepts 
· In Unit 2, students identify patterns that reveal the relationships between gravity and the place of objects with mass on Earth and the universe. Using models, students can make sense of how time, space, and gravitational force interact within the solar system. Their experience with these concepts will help them as they apply these concepts in Unit 3 to use a geological timescale to organize Earth’s history and to identify cause and effect relationships as they pertain to the adaptations, evolutionary pressures on all types of organisms, and how we use the fossil record and rock strata to learn about the history of organisms and landforms/rocks. They will also use graphs, charts, and images to identify patterns in data from fossil records as they document the existence of various lifeforms and various factors and mechanisms that lead to genetic variation. In Unit 3, Acquisition Goal 2 requires students to use mathematical representations of time appropriate for representing events and time scale(s) necessary to support conclusions about events that occurred during Earth's history. (Formal Assessment: Plotting Events to Scale, pp. 13-14) 
Disciplinary Core Ideas 
· In Unit 2, students analyze similarities and differences of planetary objects at different scales and understand how they are kept in place in the universe. In working with these disciplinary core ideas, students are positioned to make connections across systems of planetary objects at different scales and the role that gravity plays in keeping them in orbit. These ideas prepare students for Unit 3, in which they will focus on changes in life and land over Earth’s history, how this is related to the adaptations and evolutionary pressures on all types of organisms, and how we use the fossil record and rock strata to learn about the history of organisms and landforms/rocks. In Unit 3, Acquisition Goal 4 requires students to construct an explanation based on evidence from scientific sources about how rock strata form in the present to explain how rock strata formed earlier in Earth's history. (Informal Assessment: Utilizing Informational Texts for Learning, pp. 10-11)
Science and Engineering Practices 
· In Unit 2, students develop and use models to construct and support evidence-based arguments that center around the role of gravity in keeping objects in orbit in the solar system. In Unit 3, students use models to describe and/or explain phenomena and scientific concepts. Acquisition Goal 3 requires students to develop and/or use a model of the process of rock strata formation to describe how it allows us to collect evidence about the relative age of rocks and/or landforms. (Formal Assessment: What Was First, Second, Third…, pp. 11-12)




	[bookmark: _Toc153372790]SIPS Grade 8 Unit 2 EOU Assessment Task 2: Earth, Moon, and Sun
[bookmark: _Toc153372791]Task 2 Prompt 1 – Parts A, B, and C 
Performance Category: Support Arguments About Earth’s Place in the Solar System and Universe
Acquisition Goals
· A7: Construct a model of Earth within the Earth-sun system that includes the tilt of Earth and that accounts for the seasonal variation in the amount of sunlight.*
· A8: Construct an explanation of the relationship between the amount of solar energy in terms of Earth's position within its orbit around the sun.*
· A9: Use a model of the Earth/sun system to show how different hemispheres will experience different amounts of sunlight during the orbit of Earth around the sun.
· A10: Develop and use a model of the Earth-sun-moon system to describe the cyclic patterns of lunar phases, eclipses of the sun and moon, and seasons.*
· A15: Construct and present an argument to support or refute an explanation that our solar system includes multiple types of objects that orbit the sun (and may also orbit one another).*
Prompt 1 Parts A, B, and C measure students’ ability to:
· Support an argument with evidence, data, or a model to explain the role of Earth’s axial tilt in causing seasons. 
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	Task 2 Prompt 1 Part A Complexity

	Degree and Nature of Sensemaking
	Low
	This prompt…
· Requires one or two dimensions
· One dimension may have a greater degree of emphasis than another

	Complexity of the Presentation
	Low
	· The amount and type of information provided in the scenario supports limited simple connections among ideas or concepts
· Provides few, simple graphics/data/models

	Cognitive Demand of Response Development
	Moderate
	· Requires application of ideas and practices given cues and guidance
· Requires drawing relationships and connecting ideas and practices

	Cognitive Demand of Response Production
	Moderate
	· Responses include one or more sentences or a paragraph, a moderately complex graphic, or multiple steps in a simple or moderately complex process




	
	
	Task 2 Prompt 1 Part B Complexity

	Degree and Nature of Sensemaking
	Low
	This prompt…
· Requires one or two dimensions
· One dimension may have a greater degree of emphasis than another

	Complexity of the Presentation
	Low
	· The amount and type of information provided in the scenario supports limited simple connections among ideas or concepts
· Provides few, simple graphics/data/models

	Cognitive Demand of Response Development
	Low
	· Requires a connection or retrieval of factual information
· Response requires a low level of sophistication with routinely encountered well-practiced applications

	Cognitive Demand of Response Production
	Low
	· Responses include selection from a small set of options presented as text (e.g., word, short phrase) or other formats (e.g., or a simple graphic or process





	

	Task 2 Prompt 1 Part C Complexity

	Degree and Nature of Sensemaking
	Low
	This prompt…
· Requires one or two dimensions
· One dimension may have a greater degree of emphasis than another

	Complexity of the Presentation
	Low
	· The amount and type of information provided in the scenario supports limited simple connections among ideas or concepts
· Provides few, simple graphics/data/models

	Cognitive Demand of Response Development
	Moderate
	· Requires application of ideas and practices given cues and guidance
· Requires drawing relationships and connecting ideas and practices

	Cognitive Demand of Response Production
	Moderate
	· Responses include one or more sentences or a paragraph, a moderately complex graphic, or multiple steps in a simple or moderately complex process










	Task 2 Prompt 1 Parts A, B, and C 
Connections to the Instructional Framework, Continued

	Formative Assessments 
	Opportunities to Learn

	Segment 2, pp. 14-15
Informal Assessment: Develop and Use Models of the Earth-Sun-Moon System (A8, A9)
· Students identify the evidence that supports a claim related to the relationship between the amount of solar energy reaching Earth and Earth's position within its orbit around the sun. 
· Students describe how a model supports the idea that different hemispheres will experience different amounts of sunlight during the orbit of Earth around the sun.
Segment 2, pp. 15-16
Formal Assessment: Develop and Use Models of Earth’s Tilt and Seasons (A7*, A9)
· [bookmark: _Toc151114340][bookmark: _Toc153372792]Students describe how a model supports the idea that the tilt of the Earth accounts for the seasonal variation in the amount of sunlight.
	Segment 2, pp. 30-31
Where Are We? (A7*, A8, A9)
· The teacher provides students with materials to construct an Earth-sun-moon system model to help us understand our system's heat and light. Students use what they already know to construct their models.
Segment 2, p. 32
Solar Energy and Seasons (A8)
· Students analyze daylight hours and surface temperatures to identify patterns that arise from differences in solar radiation for various locations on Earth and use those data and patterns as evidence in their explanation about the sources of the patterns linked by the data.





	
	

	Task 2 Prompt 1 Parts A, B, and C 
Connections to the Instructional Framework

	Integration of Knowledge and Skills for Response Development

	Part A
· Students review the provided informational text and model about the Earth-sun system.
· Students support their argument with evidence, indicating that the day is represented by the globe making one full rotation about its axis, and the year is represented by the globe making one full revolution around the flashlight.
Part B
· Students review the provided informational text and model about the Earth-sun system.
· Students use the provided model to identify a relationship between Earth’s axial tilt and appearance of seasons as it orbits the sun.
· Students support their argument with evidence, including Earth’s tilt and orbit around the sun over a year.
Part C
· Students review the provided informational text and model about the Earth-sun system.
· Students use the provided model to connect the heat generated by the flashlight and the sun as it hits the surface of the globe/Earth. 
· Students identify a relationship between the tilt of the Earth’s axis and the amount of insolation received on the Earth.
· Students support their argument with evidence, including relating the temperature to where the sun/flashlight shines directly on the surface and recognizing the equator as the warmest area and the poles as the coldest area.








	Task 2 Prompt 1 Parts A, B, and C 
Connections to the Instructional Framework, Continued

	Formative Assessments 
	Opportunities to Learn

	· [bookmark: _Toc153372793][bookmark: _Toc151114342]Students describe the relevant relationships between Earth and the sun and how different hemispheres will experience different amounts of sunlight during Earth's orbit around the sun.
· [bookmark: _Toc153372794]Students describe the relevant relationships between components shown in an Earth-sun model showing how the tilt of Earth accounts for the seasonal variation in the amount of sunlight.
Segment 2, p. 17
Formal Assessment: Comparing Our Model to Other Models (A7*, A8)
· [bookmark: _Toc151114341][bookmark: _Toc153372795]Students use models to show how the change in season at a given place on Earth is directly related to the orientation of the tilted Earth and the position of Earth in its orbit around the sun.
	Segment 2, p. 33
Comparing Our Model to Other Models (A8, A9)
· Having worked on and refined their models, students shift to looking at others’ models and comparing them with their own. 
· Students make additional revisions to their model after examining other models. They explain any limitations to their model and how it does or does not explain natural phenomena related to the Earth-sun-moon system.





	
[bookmark: _Toc153372796]Task 2 Prompt 2 – Part A
Performance Category: Model Relationships Among Objects in Earth’s Solar System
Acquisition Goals
· A10. Develop and use a model of the Earth-sun-moon system to describe the cyclic patterns of lunar phases, eclipses of the sun and moon, and seasons. 
· A14. Obtain, evaluate, and/or communicate information that our solar system includes multiple types of objects that orbit the Sun (and may also orbit one another.*
Prompt 2 – Part A measures students’ ability to:
· Develop or use models to support descriptions and predictions of relationships about lunar phases in terms of the relative positions of the sun, Earth, and moon. 
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	Task 2 Prompt 2 Part A Complexity

	Degree and Nature of Sensemaking
	Moderate
	This prompt…
· Requires integration of two dimensions in the service of sensemaking 
· Requires a combination of previously learned ideas or concepts and newly presented information

	Complexity of the Presentation
	Moderate
	· The amount and type of information provided in the scenario supports multiple evident connections among ideas or concepts
· Provides graphics/data/models

	Cognitive Demand of Response Development
	Low
	· Requires well-defined set of actions or procedures
· Requires a connection or retrieval of factual information

	Cognitive Demand of Response Production
	Low
	· Responses include selection from a small set of options presented as text (e.g., word, short phrase) or other formats (e.g., or a simple graphic or process)







	Task 2 Prompt 2 Part A
Connections to the Instructional Framework, Continued

	Formative Assessments 
	Opportunities to Learn

	Segment 2, p. 17
Formal Assessment: Comparing Our Model to Other Models (A10)
· Students develop and use a model to describe the cyclic patterns of lunar phases and eclipses of the sun and moon and to describe the seasons.

	Segment 2, pp. 31-32
Observing the Sun, Earth, and Moon (A10)
· Students explore observational data about the Earth-sun-moon system using an online resource that provides location/date-specific sky data. 
· After looking at the data and discussing the patterns found, students revisit their explanatory model of the Earth-sun-moon system and modify it to account for these new observations.
Segment 2, p. 33
Comparing Our Model to Other Models (A10)
· Students evaluate and compare others’ models and their own. 
· Students make additional revisions to their model after examining other models. They explain any limitations to their model and how it does or does not explain natural phenomena related to the Earth-sun-moon system.



	
	

	Task 2 Prompt 2 Part A
Connections to the Instructional Framework

	Integration of Knowledge and Skills for Response Development

	· Students read the prompt and refer to the model showing the lunar phases' cyclic pattern.
· Students complete the model to predict the correct sequence of the lunar cycle based on the positions of the sun, moon, and Earth relative to each other.

	Formative Assessments 
	Opportunities to Learn

	Segment 2, pp. 14-15
Informal Assessment: Develop and Use Models of the Earth-Sun-Moon System (A10)
· Students develop and use a model to describe the cyclic patterns of lunar phases and eclipses of the sun and moon and to describe the seasons.
Segment 2, pp. 16-17
Formal Assessment: Observing the Sun, Earth, and Moon (A10)
· Students develop and use a model to describe the cyclic patterns of lunar phases and eclipses of the sun and moon and to describe the seasons.
	Segment 2, pp. 30-31
Where Are We? (A10)
· The teacher provides students with materials to construct an Earth-sun-moon system model to help us understand our system's heat and light. Students use what they already know to construct their models.










	
[bookmark: _Toc153372797]Task 2 Prompt 2 – Part B
Performance Categories: Support Arguments About Earth’s Place in the Solar System and Universe
Acquisition Goals:
· A10. Develop and use a model of the Earth-sun-moon system to describe the cyclic patterns of lunar phases, eclipses of the sun and moon, and seasons. 
· A15. Construct and present an argument to support or refute an explanation that our solar system includes multiple types of objects that orbit the sun (and may also orbit one another).
Prompt 2 Part B measures students’ ability to:
· Support an argument with evidence, data, or a model to explain the lunar phases in terms of the relative positions of the sun, Earth, and moon.
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	Task 2 Prompt 2 Part B
Connections to the Instructional Framework

	Integration of Knowledge and Skills for Response Development

	· Students read the prompt and refer to the model showing the lunar phases' cyclic pattern.
· Students make a claim about what leads to lunar phase change.
· Students support their claim using the cause-and-effect relationships that exist in the apparent motion of the sun and moon in the sky and lunar phases in terms of the relative positions of the sun, Earth, and moon using evidence from Figure 2.

	Formative Assessments 
	Opportunities to Learn

	Segment 2, pp. 14-15
Informal Assessment: Develop and Use Models of the Earth-Sun-Moon System (A10)
· Students develop and use a model to describe the cyclic patterns of lunar phases and eclipses of the sun and moon and to describe the seasons.
Segment 2, pp. 16-17
Formal Assessment: Observing the Sun, Earth, and Moon (A10)
· Students develop and use a model to describe the cyclic patterns of lunar phases and eclipses of the sun and moon and to describe the seasons.
	Segment 2, pp. 30-31
Where Are We? (A10)
· The teacher provides students with materials to construct an Earth-sun-moon system model to help us understand our system's heat and light. Students use what they already know to construct their models.




	
	

	Task 2 Prompt 2 Part B Complexity

	Degree and Nature of Sensemaking
	Moderate
	This prompt…
· Requires integration of two dimensions in the service of sensemaking 
· Requires a combination of previously learned ideas or concepts and newly presented information

	Complexity of the Presentation
	Moderate
	· The amount and type of information provided in the scenario supports multiple evident connections among ideas or concepts
· Provides graphics/data/models

	Cognitive Demand of Response Development
	Moderate
	· Requires application of ideas and practices given cues and guidance
· Requires drawing relationships and connecting ideas and practices

	Cognitive Demand of Response Production
	Moderate
	· Responses include one or more sentences or a paragraph, a moderately complex graphic, or multiple steps in a simple or moderately complex process






	Task 2 Prompt 2 Part B
Connections to the Instructional Framework, Continued

	Formative Assessments 
	Opportunities to Learn

	Segment 2, p. 17
Formal Assessment: Comparing Our Model to Other Models (A10)
· Students develop and use a model to describe the cyclic patterns of lunar phases and eclipses of the sun and moon and to describe the seasons.
Segment 2, pp. 20-21
Formal Assessment: Communicating About Objects in Our Solar System, The Milky Way, and the Universe (A15)
· Students identify evidence, data, or models that support an argument that our solar system includes multiple types of objects that orbit the sun

	Segment 2, pp. 31-32
Observing the Sun, Earth, and Moon (A10)
· Students explore observational data about the Earth-sun-moon system using an online resource that provides location/date-specific sky data. 
· After looking at the data and discussing the patterns found, students revisit their explanatory model of the Earth-sun-moon system and modify it to account for these new observations.
Segment 2, p. 33
Comparing Our Model to Other Models (A10)
· Having worked on and refined their models, students shift to looking at others’ models and comparing them with their own. 
· Students revise their model after examining other models and explain any limitations to their model and how it does or does not explain natural phenomena related to the Earth-sun-moon system.









	Future Learning Connected to evidence elicited in Task 2

	Crosscutting Concepts 
· In Unit 2, students identify patterns that reveal the relationships between gravity and the place of objects with mass on Earth and the universe. Using models, students can make sense of how time, space, and gravitational force interact within the solar system. Their experience with these concepts will help them as they apply these concepts in Unit 3 to use a geological timescale to organize Earth’s history and to identify cause and effect relationships as they pertain to the adaptations, evolutionary pressures on all types of organisms, and how we use the fossil record and rock strata to learn about the history of organisms and landforms/rocks. They will also use graphs, charts, and images to identify patterns in data from fossil records as they document the existence of various lifeforms and various factors and mechanisms that lead to genetic variation. In Unit 3, Acquisition Goal 2 requires students to use mathematical representations of time appropriate for representing events and time scale(s) necessary to support conclusions about events that occurred during Earth's history. (Formal Assessment: Plotting Events to Scale, pp. 13-14) 
Disciplinary Core Ideas 
· In Unit 2, students engage in argumentation supported by empirical evidence in the universe about how objects with mass are affected by gravity. In working with these disciplinary core ideas, students are positioned to make connections across systems of planetary objects at different scales and the role that gravity plays in keeping them in orbit. These ideas prepare students for Unit 3, in which they will focus on how changes in life and land over Earth’s history, how this is related to the adaptations and evolutionary pressures on all types of organisms, and how we use the fossil record and rock strata to learn about the history of organisms and landforms/rocks. In Unit 3, Acquisition Goal 4 requires students to construct an explanation based on evidence from scientific sources about how rock strata form in the present to explain how rock strata formed earlier in Earth's history. (Informal Assessment: Utilizing Informational Texts for Learning, pp. 10-11)
Science and Engineering Practices 
· In Unit 2, students develop and use models to construct and support evidence-based arguments that center around the role of gravity in keeping objects in orbit in the solar system and analyze and interpret data to determine similarities and differences between objects in the solar system. In Unit 3, students use models to describe and/or explain phenomena and scientific concepts. Acquisition Goal 3 requires students to develop and/or use a model of the process of rock strata formation to describe how it allows us to collect evidence about the relative age of rocks and/or landforms. (Formal Assessment: What Was First, Second, Third…, pp. 11-12)



	[bookmark: _Toc153372798]SIPS Grade 8 Unit 2 EOU Assessment Task 3: Earth’s Solar System
[bookmark: _Toc153372799]Task 3 Prompt 1 – Parts A, B, and C
Performance Category: Analyze Data to Describe Interactions Among Objects in Earth’s Solar System
Acquisition Goals:
· A3. Develop a model that illustrates that the mass of two objects affects the gravitational forces between those objects. *
· A5. Analyze and interpret data on gravitational forces exerted by massive objects to show similarities and/or differences in the observed effects of those forces.
· A18. Construct a model showing that the equal and opposite force of gravity will lead to a much greater change in motion of a lighter object compared to a heavier object.*
Prompt 1 Parts A, B, and C measure students’ ability to:
· Analyze and interpret data and graphs to support conclusions about the relationship between relative sizes of objects in the solar system and the size of the gravitational force that is being exerted on an object.
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	Task 3 Prompt 1 Part A Complexity

	Degree and Nature of Sensemaking
	Moderate
	This prompt…
· Requires integration of two dimensions in the service of sensemaking

	Complexity of the Presentation
	Low
	· The amount and type of information provided in the scenario supports limited simple connections among ideas or concepts

	Cognitive Demand of Response Development
	Low
	· Requires well-defined set of actions or procedures
· Requires a connection or retrieval of factual information

	Cognitive Demand of Response Production
	Moderate
	· Response includes one or more sentences or a paragraph, a moderately complex graphic, or multiple steps in a simple or moderately complex process











	Task 3 Prompt 1 Part C Complexity

	Degree and Nature of Sensemaking
	Moderate
	This prompt…
· Requires integration of two dimensions in the service of sensemaking 
· Requires a combination of previously learned ideas or concepts and newly presented information

	Complexity of the Presentation
	Low
	· The amount and type of information provided in the scenario supports limited simple connections among ideas or concepts 
· Phenomenon or problem presented in a concrete way with high level of certainty

	Cognitive Demand of Response Development
	Moderate
	· Requires application of ideas and practices given cues and guidance
· Requires drawing relationships and connecting ideas and practices

	Cognitive Demand of Response Production
	Moderate
	· Responses include one or more sentences or a paragraph, a moderately complex graphic, or multiple steps in a simple or moderately complex process








	Task 3 Prompt 1 Parts A, B, and C
Connections to the Instructional Framework, Continued

	Formative Assessments 
	Opportunities to Learn

	Segment 1, pp. 9-10
Informal Assessment: Nature of Gravitational Forces (A3*, A5)
· [bookmark: _Toc151114358][bookmark: _Toc153372800]Students describe scientific evidence about how gravitational interactions are always attractive between interacting objects.
· [bookmark: _Toc153372801]Students describe the relevant relationships between components shown in a model of a phenomenon (i.e., the mass of two objects affects the gravitational forces between those objects) related to the relative magnitude and direction of the force each object exerts on the other.
Segment 1, pp. 10-11
Informal Assessment: Analyze and Interpret Data on Gravitational Forces and Relative Mass of Objects (A3*, A5)
· Students use data to support an explanation of the similarities and differences in forces exhibited with objects of varying masses based on mass and gravitational force.
	Segment 1, pp. 26-27
Analyze and Interpret Data on Gravitational Forces and Relative Mass of Objects (A5)
· Students revisit an activity from Unit 1, where they explored the changing motion of an object in a uniform circular motion. 
· Students conclude from their data that there is the presence of a net force between massive objects and all other objects and that this force depends on the mass of the objects and their distance apart.
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	Task 3 Prompt 1 Part B Complexity

	Degree and Nature of Sensemaking
	Moderate
	This prompt…
· Requires integration of two dimensions in the service of sensemaking 
· Requires a combination of previously learned ideas or concepts and newly presented information

	Complexity of the Presentation
	Moderate
	· The amount and type of information provided in the scenario supports multiple evident connections among ideas or concepts
· Provides graphics/data/models

	Cognitive Demand of Response Development
	Moderate
	· Requires application of ideas and practices given cues and guidance
· Requires drawing relationships and connecting ideas and practices

	Cognitive Demand of Response Production
	Moderate
	· Responses include one or more sentences or a paragraph, a moderately complex graphic, or multiple steps in a simple or moderately complex process








	Task 3 Prompt 1 Parts A, B, and C
Connections to the Instructional Framework

	Integration of Knowledge and Skills for Response Development

	Part A
· Students are presented with an example scenario of an object being dropped to the surface of Earth and the same object being dropped to the surface of Earth’s moon. 
· Students analyze and interpret the provided data about gravitational force as related to objects in the solar system.
· Students use their interpretation to support a conclusion indicating that the moon's gravity is less than Earth’s, using evidence based on lower ending velocity.
Part B
· Students analyze and interpret the provided data in Table 1 about the gravitational pull of solar system objects.
· Students use their interpretation to develop an argument that the ‘weight’ of an object on a planet increases with the magnitude of gravitational force using evidence from the data provided.
Part C
· Students analyze and interpret provided data in Table 1 about the gravitational pull of solar system objects.
· Students use their interpretation to predict the relationship between the mass of objects interacting via gravitational forces, recognizing a planet with low gravitational pull using evidence from Table 1.








	Task 3 Prompt 1 Parts A, B, and C
Connections to the Instructional Framework, Continued

	Formative Assessments 
	Opportunities to Learn

	Segment 1, pp. 11-12
Formal Assessment: Develop a Model of Gravitational Force Showing the Relationship with Mass (A3*) 
· Students describe the relevant relationships between components shown in a model of a phenomenon (i.e., the mass of two objects affects the gravitational forces between those objects) related to the relative magnitude and direction of the force each object exerts on the other.
Segment 1, pp. 13-14
Formal Assessment: Modeling How Gravitational Forces Affect Motion (A18*)
· Students develop and use a model to support the idea that the equal and opposite force of gravity will lead to a much greater change in motion of a lighter object compared to a heavier object.
	Segment 1, p. 29
Modeling How Gravitational Forces Affect Motion (A18*)
· In this lesson, students demonstrate how well they understand and can model the relationships between force, mass, and relative motion in two body systems. 
· Students work in groups of three to four and use everyday objects to develop a model or two models of a two-body system to demonstrate their understanding of the relationships between gravitational forces, mass, and relative motion of objects.






	
[bookmark: _Toc153372802]Task 3 Prompt 2 – Parts A and B 
Performance Categories: Analyze Data to Describe Interactions Among Objects in Earth’s Solar System
Acquisition Goals:
· A14. Obtain, evaluate, and/or communicate information that our solar system includes multiple types of objects that orbit the Sun (and may also orbit one another).
· A15. Construct and present an argument to support or refute an explanation that our solar system includes multiple types of objects that orbit the sun (and may also orbit one another). 
Prompt 2 Parts A and B measures students’ ability to:
· Analyze and interpret data and graphs to support conclusions about features of the inner planets compared to the outer planets.
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	Task 3 Prompt 2 Parts A and B Complexity

	Degree and Nature of Sensemaking
	Moderate
	This prompt…
· Requires integration of two dimensions in the service of sensemaking 
· Requires a combination of previously learned ideas or concepts and newly presented information

	Complexity of the Presentation
	Moderate
	· The amount and type of information provided in the scenario supports multiple evident connections among ideas or concepts
· Provides graphics/data/models

	Cognitive Demand of Response Development
	Moderate
	· Requires application of ideas and practices given cues and guidance
· Requires drawing relationships and connecting ideas and practices

	Cognitive Demand of Response Production
	Moderate
	· Responses include one or more sentences or a paragraph, a moderately complex graphic, or multiple steps in a simple or moderately complex process







	Task 3 Prompt 2 Parts A and B
Connections to the Instructional Framework, Continued

	Formative Assessments 
	Opportunities to Learn

	Segment 3, pp. 19-20
Formal Assessment: Using Evidence to Develop an Argument about Objects in Our Solar System (A14)
· [bookmark: _Toc151114376][bookmark: _Toc153372803]Students identify information supporting the idea that our solar system includes multiple objects that orbit the sun.
· [bookmark: _Toc151114377][bookmark: _Toc153372804]Students describe the relationships among objects in our solar system as a collection of objects, including planets, their moons, and asteroids held in orbit around the sun by its gravitational pull on them.
[bookmark: _Toc153372805]Segment 3, pp. 20-21 
Formal Assessment: Communicating About Objects in Our Solar System, The Milky Way, and the Universe (A14) 
· [bookmark: _Toc151114379]Students use evidence, data, or a model to support an argument that our solar system includes multiple types of objects that orbit the sun (and may also orbit one another).
	Segment 3, pp. 37-38
Modeling Earth, Our Solar System, and Our Galaxy: “Around We Go” (A14)
· Students have explored the why behind the universe's structure, and now they switch to the “what” of the structure of our solar system, galaxy, and the universe as a whole. Students research objects in the solar system.



	
	

	Task 3 Prompt 2 Parts A and B 
Connections to the Instructional Framework

	Integration of Knowledge and Skills for Response Development

	· Students review the information presented in Table 2 about the density of planets in our solar system. 
· Students analyze and interpret data to determine similarities and differences in the planets' densities.
· Students draw appropriate conclusions about objects in the solar system and correctly sort the rocky and gaseous planets, linking higher density with rocky planets and lower density with gaseous planets based on data.

	Formative Assessments 
	Opportunities to Learn

	Segment 3, p. 18 
Informal Assessment: Lumpy Space? Empty Space? Why is Our Universe the Way it is? (A14) 
· [bookmark: _Toc151114366][bookmark: _Toc153372806]Students identify information supporting the idea that our solar system includes multiple objects that orbit the sun.
· [bookmark: _Toc151114367][bookmark: _Toc153372807]Students describe the relationships among objects in our solar system as a collection of objects, including planets, their moons, and asteroids held in orbit around the sun by its gravitational pull on them.
	Segment 3, pp. 34-35
Lumpy Space? Empty Space? Why is Our Universe the Way it is? (A14)
· After students have brainstormed a set of questions they want to answer, the teacher provides students with websites that give information about the Milky Way galaxy, our solar system, and objects found in our solar system.







	
[bookmark: _Toc153372808]Task 3 Prompt 3 – Part A 
Performance Categories: Model Relationships Among Objects in Earth’s Solar System
Acquisition Goals:
· A17. Construct a model of a two-body system showing the attractive forces and their impact on the motion of the two objects relative to one another. 
· A19. Construct and present an argument about how gravitational forces lead to a regular orbital motion of a moving object. 
Prompt 3 Part A measures students’ ability to:
· Develop or use models to support descriptions and predictions of relationships about the predictable motions of objects within a solar system.













	Task 3 Prompt 3 Part A Complexity

	Degree and Nature of Sensemaking
	Moderate
	This prompt…
· Requires integration of two dimensions in the service of sensemaking 
· Requires a combination of previously learned ideas or concepts and newly presented information

	Complexity of the Presentation
	Moderate
	· The amount and type of information provided in the scenario supports multiple evident connections among ideas or concepts
· Provides graphics/data/models

	Cognitive Demand of Response Development
	High
	· Requires high degree of sense-making, reasoning, and/or transfer
· Response requires a high level of sophistication with non-routine or abstract representation of ideas and application of skills

	Cognitive Demand of Response Production
	High
	· Responses include multiple paragraphs, multiple graphics of at least moderate complexity, or multiple steps in a complex process







[bookmark: _Toc153372809]Task 3 Prompt 3 – Part B 
Performance Categories: Support Arguments About Earth’s Place in the Solar System and Universe
Acquisition Goals:
· A14. Obtain, evaluate, and/or communicate information that our solar system includes multiple types of objects that orbit the Sun (and may also orbit one another).*
· A15. Construct and present an argument to support or refute an explanation that our solar system includes multiple types of objects that orbit the sun (and may also orbit one another).
Prompt 3 Part B measures students’ ability to:
· Support an argument with evidence, data, or a model to explain the pattern regarding the surface temperatures of planets and their location in a solar system.
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	Task 3 Prompt 3 Part B 
Connections to the Instructional Framework

	Integration of Knowledge and Skills for Response Development

	· Students refer to Diagram 1 to explain the pattern occurring regarding planets' surface temperatures.
· Students compare and contrast the properties of objects in the model and draw appropriate conclusions about similarities and/or differences among objects in the model.
· Students accurately describe the pattern shown in the model, stating that the atmosphere traps heat while using the lack of the atmosphere as evidence.

	Formative Assessments 
	Opportunities to Learn

	[bookmark: _Toc151114382]Segment 3, p. 18 
Informal Assessment: Lumpy Space? Empty Space? Why is Our Universe the Way it is? (A14) 
· [bookmark: _Toc153372810]Students identify information supporting the idea that our solar system includes multiple objects that orbit the sun.
· [bookmark: _Toc153372811]Students describe the relationships among objects in our solar system as a collection of objects, including planets, their moons, and asteroids held in orbit around the sun by its gravitational pull on them.
	Segment 3, pp. 34-35
Lumpy Space? Empty Space? Why is Our Universe the Way it is? (A14)
· After students have brainstormed a set of questions they want to answer, the teacher provides students with websites that give information about the Milky Way galaxy, our solar system, and objects found in our solar system.







[bookmark: _Toc153372812]Task 3 Prompt 4 – Parts A, B, and C
Performance Categories: Support Arguments About Earth’s Place in the Solar System and Universe
Acquisition Goals:
· A3. Develop a model that illustrates that the mass of two objects affects the gravitational forces between those objects.
· A12. Develop a model to describe that our solar system is located within the Milky Way galaxy, one of many galaxies in the universe*
· A13. Obtain, evaluate, and/or communicate information that our solar system is located within the Milky Way galaxy, one of many galaxies in the universe.
· A15. Construct and present an argument to support or refute an explanation that our solar system includes multiple types of objects that orbit the sun (and may also orbit one another). 
· A19. Construct and present an argument about how gravitational forces lead to a regular orbital motion of a moving object.
Prompt 4 Parts A, B, and C measure students’ ability to:
· Support an argument with evidence, data, or a model to explain the role of gravity in the sequence of events leading to the formation of Earth’s solar system.
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	Task 3 Prompt 4 Parts A, B, and C 
Connections to the Instructional Framework

	Integration of Knowledge and Skills for Response Development

	Part A
· Students use the evidence provided in Figure 1 to support/refute hypotheses related to the solar system's formation based on the objects' positions, relative to each other.
· Students sequence letters in Chart 2 and Figure 1 according to the order of events pertaining to the solar system's formation.
Part B
· Students construct an explanation, using evidence and reasoning from Chart 2 and Figure 1, about the formation of Earth’s solar system, specifically why the gaseous planets formed in the colder outer solar system.
Part C
· Students accurately identify what became of the materials that were not pulled to form planets.

	Formative Assessments 
	Opportunities to Learn

	Segment 1, pp. 9-10
Informal Assessment: Nature of Gravitational Forces (A3)
· [bookmark: _Toc153372813]Students describe the relevant relationships between components shown in a model of a phenomenon (i.e., the mass of two objects affects the gravitational forces between those objects) related to the relative magnitude and direction of the force each object exerts on the other. 
	Segment 1, pp. 25-26 
Do I Have Gravity? (A3)
· Students obtain, evaluate, and communicate information about how human-scale objects exert negligible gravitational forces. Students consider the question, “If everything with mass has gravity, why don’t we all have smaller objects orbiting us?”
· Students research gravitational forces and record data and observations that support or refute their initial thinking.



	Task 3 Prompt 4 Parts A, B, and C 
Connections to the Instructional Framework, Continued

	Formative Assessments 
	Opportunities to Learn

	Segment 1, pp. 13-14 
Formal Assessment: Forces Modeling How Gravitational Forces Affect Motion (A19)
· Students identify evidence, data, or models that support an argument that gravity causes a pattern of smaller/less massive objects orbiting around larger/more massive objects at all system scales in the universe.
Segment 3, p. 18 
Informal Assessment: Lumpy Space? Empty Space? Why is Our Universe the Way it is? (A13) 
· Students describe (in degrees of magnitude) the relative spatial scales involved, from solar systems to galaxies to broader clusters in the universe.
· Students describe scientific evidence about how scale (in mass, distance, and time) determines which components are relevant when understanding the solar system, galaxy, or universe.
· Students identify information supporting the idea that our solar system includes multiple objects that orbit the sun.
	Segment 3, pp. 34-35
Lumpy Space? Empty Space? Why is Our Universe the Way it is? (A13)
· The teacher engages students’ interest in obtaining information about the Milky Way galaxy by displaying a picture of the Milky Way galaxy from the Hubble Space Telescope, a picture of our solar system, and a picture of clusters of galaxies. The teacher asks, “What do you notice?” and encourages students to find similarities and differences between these three space scales.






	Task 3 Prompt 4 Parts A, B, and C 
Connections to the Instructional Framework, Continued

	Formative Assessments 
	Opportunities to Learn

	[bookmark: _Toc151114372][bookmark: _Toc153372814]Segment 3, pp. 20-21 
Formal Assessment: Communicating About Objects in Our Solar System, The Milky Way, and the Universe (A15) 
· [bookmark: _Toc151114373][bookmark: _Toc153372815]Students use evidence, data, or a model to support an argument that our solar system includes multiple types of objects that orbit the sun (and may also orbit one another).
	Segment 3, pp. 37-38
Modeling Earth, Our Solar System, and Our Galaxy: “Around We Go” (A12*, A13)
· Students have explored the why behind the universe's structure, and now they switch to the “what” of the structure of our solar system, galaxy, and the universe as a whole. Students research objects in the solar system, present to their peers and document what they learn.
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	Task 3 Prompt 3 Part A 
Connections to the Instructional Framework

	Integration of Knowledge and Skills for Response Development

	· Students are presented with a model representing phenomena related to a planet-sun system.
· Students manipulate the components of a model to make predictions about the number of orbits each planet makes within a certain time frame within the planetary system.
· Students accurately represent the planets’ location at the end of the specified time point.
· Students support the accuracy of their model using the logical relationship presented by the planet's position and duration of the orbital periods to explain why planet Z can be closer to Planet X than planet Y.

	Formative Assessments 
	Opportunities to Lear

	Segment 1, pp. 12-13 
Formal Assessment: Modeling How Gravitational Forces Affect Motion (A17)
· Students develop a model that shows the attractive forces in a two-body system and the impact of the forces on the motion of the two objects relative to one another.

	Segment 1, p. 29
Modeling How Gravitational Forces Affect Motion (A17, A19*)
· Students demonstrate how well they understand and can model the relationships between force, mass, and relative motion in two body systems.
Segment 3, pp. 36-37
Rotating Discs in Space (A19)
· Students explore why the disc shape in galaxies is so common and explore other questions about gravity. Students recognize that an attractive force of gravity drives all these processes.



	Task 3 Prompt 3 Part B Complexity

	Degree and Nature of Sensemaking
	Moderate
	This prompt…
· Requires integration of two dimensions in the service of sensemaking 
· Requires a combination of previously learned ideas or concepts and newly presented information

	Complexity of the Presentation
	Low
	· The amount and type of information provided in the scenario supports limited simple connections among ideas or concepts 
· Phenomenon or problem presented in a concrete way with high level of certainty

	Cognitive Demand of Response Development
	Moderate
	· Requires application of ideas and practices given cues and guidance
· Requires drawing relationships and connecting ideas and practices

	Cognitive Demand of Response Production
	Moderate
	· Responses include one or more sentences or a paragraph, a moderately complex graphic, or multiple steps in a simple or moderately complex process







	Task 3 Prompt 3 Part B
Connections to the Instructional Framework, Continued

	Formative Assessments 
	Opportunities to Learn

	Segment 3, pp. 19-20
Formal Assessment: Using Evidence to Develop an Argument about Objects in Our Solar System (A14)
· [bookmark: _Toc153372816]Students identify information supporting the idea that our solar system includes multiple objects that orbit the sun.
· [bookmark: _Toc153372817]Students describe the relationships among objects in our solar system as a collection of objects, including planets, their moons, and asteroids held in orbit around the sun by its gravitational pull on them.
[bookmark: _Toc153372818]Segment 3, pp. 20-21 
Formal Assessment: Communicating About Objects in Our Solar System, The Milky Way, and the Universe (A14*, A15) 
· [bookmark: _Toc151114383]Students use evidence, data, or a model to support an argument that our solar system includes multiple types of objects that orbit the sun (and may also orbit one another).
	Segment 3, pp. 37-38
Modeling Earth, Our Solar System, and Our Galaxy: “Around We Go” (A14)
· Students have explored the why behind the universe's structure, and now they switch to the “what” of the structure of our solar system, galaxy, and the universe as a whole. Students research objects in the solar system.





[image: ]
[image: ]


	Task 3 Prompt 4 Parts A, B, and C Complexity

	Degree and Nature of Sensemaking
	Moderate
	This prompt…
· Requires integration of two dimensions in the service of sensemaking 
· Requires a combination of previously learned ideas or concepts and newly presented information

	Complexity of the Presentation
	High
	· The amount and type of information provided in the scenario supports multiple and varied complex connections among ideas or concepts
· Provides complex graphics/data/models

	Cognitive Demand of Response Development
	Moderate
	· Requires application of ideas and practices given cues and guidance
· Requires drawing relationships and connecting ideas and practices

	Cognitive Demand of Response Production
	Moderate
	· Responses include one or more sentences or a paragraph, a moderately complex graphic, or multiple steps in a simple or moderately complex process







	Task 3 Prompt 4 Parts A, B, and C 
Connections to the Instructional Framework, Continued

	Formative Assessments 
	Opportunities to Learn

	Segment 1, pp. 10-11
Informal Assessment: Analyze and Interpret Data on Gravitational Forces and Relative Mass of Objects (A3)
· Students use data to support an explanation of the similarities and differences in forces exhibited with objects of varying masses based on mass and gravitational force.
· Students use data to support an explanation of the relative masses of different objects in an orbital system based on orbital motions, including distances.
Segment 1, pp. 11-12 
Formal Assessment: Develop a Model of Gravitational Force Showing the Relationship with Mass (A3)
· [bookmark: _Toc151114384][bookmark: _Toc153372819]Students use models to show how the mass of two objects affects the gravitational forces between those objects.
	Segment 1, p. 28-29
How Does JWST Stay in Orbit? (A3)
· Students explore additional resources to understand why JWST is located where it is and why it can stay in its orbit. Students read additional information about gravity and interplanetary forces.
Segment 1, p. 29
Modeling How Gravitational Forces Affect Motion (A19)
· In this lesson, students demonstrate how well they understand and can model the relationships between force, mass, and relative motion in two body systems.







	Task 3 Prompt 4 Parts A, B, and C 
Connections to the Instructional Framework, Continued

	Formative Assessments 
	Opportunities to Learn

	· Students identify information supporting the idea that our solar system includes multiple objects that orbit the sun.
Segment 3, pp. 19-20
Formal Assessment: Using Evidence to Develop an Argument about Objects in Our Solar System (A13)
· [bookmark: _Toc153372820]Students describe (in degrees of magnitude) the relative spatial scales involved, from solar systems to galaxies to broader clusters in the universe.
· [bookmark: _Toc153372821]Students describe scientific evidence about how scale (in mass, distance, and time) determines which components are relevant when understanding the solar system, galaxy, or universe.
	Segment 3, pp. 35-36
Gravity Pulls Us All Together (A15, A19)
· In this lesson, students explore gravity as a driving force in forming a nebula to understand the uneven distribution of mass/matter within the cloud and then watch a simulation to see how these gas clouds collapse into a solar system.
· Students consider what forces would be causing what they observe happening and then turn and talk with a classmate about their ideas before discussing them as a class.
Segment 3, pp. 36-37 
Rotating Discs in Space (A12*)
· Students explore hands-on demonstrations around angular momentum to see why disc formation is so common and then explore simulations where they see the interactions of galaxies to see how disc-shaped galaxies lead to other shapes when they collide. The attractive force of gravity drives all these processes.







	Future Learning Connected to evidence elicited in Task 3

	Crosscutting Concepts 
· In Unit 2, students identify patterns that reveal the relationships between gravity and the place of objects with mass on Earth and the universe. Using models, students can make sense of how time, space, and gravitational force interact within the solar system. Their experience with these concepts will help them as they apply these concepts in Unit 3 to use a geological timescale to organize Earth’s history and to identify cause and effect relationships as they pertain to the adaptations, evolutionary pressures on all types of organisms, and how we use the fossil record and rock strata to learn about the history of organisms and landforms/rocks. They will also use graphs, charts, and images to identify patterns in data from fossil records as they document the existence of various lifeforms and various factors and mechanisms that lead to genetic variation. In Unit 3, Acquisition Goal 2 requires students to use mathematical representations of time appropriate for representing events and time scale(s) necessary to support conclusions about events that occurred during Earth's history. (Formal Assessment: Plotting Events to Scale, pp. 13-14) 
Disciplinary Core Ideas 
· In Unit 2, students engage in argumentation supported by empirical evidence in the universe about how objects with mass are affected by gravity. In working with these disciplinary core ideas, students are positioned to make connections across systems of planetary objects at different scales and the role that gravity plays in keeping them in orbit. These ideas prepare students for Unit 3, in which they will focus on how changes in life and land over Earth’s history, how this is related to the adaptations and evolutionary pressures on all types of organisms, and how we use the fossil record and rock strata to learn about the history of organisms and landforms/rocks. In Unit 3, Acquisition Goal 4 requires students to construct an explanation based on evidence from scientific sources about how rock strata form in the present to explain how rock strata formed earlier in Earth's history. (Informal Assessment: Utilizing Informational Texts for Learning, pp. 10-11)
Science and Engineering Practices 
· In Unit 2, students develop and use models to construct and support evidence-based arguments that center around the role of gravity in keeping objects in orbit in the solar system and analyze and interpret data to determine similarities and differences between objects in the solar system. In Unit 3, students use models to describe and/or explain phenomena and scientific concepts. Acquisition Goal 3 requires students to develop and/or use a model of the process of rock strata formation to describe how it allows us to collect evidence about the relative age of rocks and/or landforms. (Formal Assessment: What Was First, Second, Third…, pp. 11-12)
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Student Worksheet

This task is about the regular orbital motions of the planets around the sun and the moons
around the planets.

You need to use a ruler and may use a calculator to complete this task.

Task
The solar system includes space materials that range from very small, dust-like and sand-sized

particles to very immense asteroids and planets.

Most meteoroids burn up as they enter Earth's atmosphere causing little or no damage.
However, asteroids, which are smaller than a planet but larger than meteoroids, can cause
significant damage when they collide with Earth.

Some asteroids orbit the sun in a path that takes them near Earth. What keeps objects in the
solar system in orbit around the sun?

Prompt 1

PartA.

Isaac Newton stated that two factors, inertia and gravity, combine to keep the planets in orbit
around the sun. Recall that Newton’s First Law of Motion is often stated as:

An object at rest stays at rest and an object in motion stays in motion with the same
speed and in the same direction unless acted upon by an unbalanced force.
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Write the corresponding letter for each of the labels below in the blank spaces in Figure 1.

A. Planet’s motion without gravity
B. Actual orbit

C. Force of gravity

igure 1. Planetary Orbit Around the Sun

- ~

sun

Part B.
What would happen if the planet in Figure 1 had no inertia?

If a planet had no inertia, it would be pulled into the sun.
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Prompt 2
Table 1 provides information about the planets in our solar system, including the dwarf planet
Pluto.

Table 1. Planets in our Solar System

Distance traveled in one | Amount of time for one
Planet | complete rbitofthe | complete orbit of the
Sun (in miles) Sun (in Earth months)
Earth 584,000,000 12
Jupiter 3,037,000,000 142
Mars 888,000,000 23
Mercury 223,700,000 3
Neptune 17,562,300,000 1,979
Pluto 22,698,700,000 2,977
Saturn 5,565,900,000 354
Uranus 11,201,300,000 1,009
Venus 422,500,000 7





image5.png
Part A.

Explain how the distance traveled by each planet when completing one orbit of the sun can be
used to determine the order of the planets outward from the sun. Use data from Table 1to
support your response.

By ordering the distances from least to greatest, you can order the planets from
nearest to farthest from the sun. For example, Mercury must be the closest to the
sun because the distance it travels to make one orbit is the shortest at
223,700,000 miles. This means that the dwarf planet Pluto must be the farthest
from the sun because it has the longest orbital distance at 22,698,700,000 miles.

PartB.

Explain how the amount of time it takes for each planet to complete one orbit of the sun can
be used to identify the inner planets from the outer planets. Use data from Table 1 to support
your response.

The inner planets must be Mercury, Venus, Earth, and Mars. They take from 3 to
23 Earth months o complete an orbit around the sun. The outer planets must be
Jupiter, Saturn, Uranus, Neptune, and Pluto. They take from 142 to 2977 Earth
months o complete an orbit around the sun because they are much farther away
from the sun.
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Prompt 3

Distances in the solar system can be measured as Lunar distances, or LD. The distance from
Earth to the moon is about 385,000 kilometers (km), which s the same as 1 LD.

A near-Earth object (NEO) is an asteroid or comet that passes close to Earth's orbit. In March of
2022, a NEO came within approximately 7 LDs to Earth.

PartA.

Use a ruler to draw and label a scale model in Figure 2 that represents how close the NEO was
to Earth. Use the scale of 1 LD equals one-half inch as shown in the key. In your model, be sure
to show:

o Earth
e the moon
o the NEO

Be sure to complete the key.
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Figure 2. Scale Model of Earth, Moon, NEO System
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PartB,

Consider if the same scale model you used in Figure 2, which compares the distance between
the objects in the Earth, moon, and NEO system, also needs to represent the diameter of each
object drawn to scale. Table 2 shows the diameters of the Earth, moon, and NEO.

Table 2. Diameters of the Earth, Moon, and NEO

Object Diameter (km)
Earth 12,742.00
Moon 3,474.00
NEO 0.02

Why would it be challenging to represent the diameter AND the distances of the three objects
accurately and to scale when looking at Figure 22 Remember, the distance between the moon
and Earth is approximately 385,000 kilometers (km) or 1 LD.
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PartB.

Why would it be challenging to represent the diameter AND the distances of the three objects
accurately and to scale when looking at Figure 22 Remember, the distance between the moon
and Earth is approximately 385,000 kilometers (km) or 1 LD.

The scale of both the distance AND the size on one model cannot be represented
aceurately. The objects will be too small if a scale for distance is used for
diameter as well, based on what T used to represent distance in kilometers in my
model. Or the distances will be too large for my model if T use that scale for the
size of the objects as well as distance.
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PartC.

Asteroid impacts are relatively rare on Earth. However, NEOs of many different sizes can pose
serious threats.

Figure 3 shows the diameter of asteroids versus the number of asteroids in our solar system.

Figure 3. Asteroid

imeter versus Number Identified in Earth’s Solar System

1000

100

5

ameter (km)

0.1
110 100 1000 10° 10° 10° 100 10°

Number of Asteroids
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Describe the relationship between asteroid diameters and the number of asteroids in Earth’s
solar system shown in Figure 3. Use information from Figure 3 to support your response.
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PartC.
Describe the relationship between asteroid diameters and the number of asteroids in Earth’s
solar system shown in Figure 3.

As the size decreases from 100 km diameter to less than 1 km, the number of

asteroids increases. There are many more small asteroids than very large
asteroids. For example, there are a few more than 100 asteroids that are over 100
km in diameter, yet hundreds of thousands of asteroids that are less than 1 km in

diameter.
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Student Worksheet

This task is about the regular orbital motion of Earth around the sun.
You may use a caleulator to complete this task.

Task

Ancient astronomers studied the movement of the sun and the moon as they appeared to
travel across the sky. They observed the patterns of the seasons, moon phases, and eclipses,
just as we do today. What causes these age-old patterns in the sky?

Prompt 1

In Figure 1 below, the flashlight represents the sun. The globe represents Earth. Earth's axi
tilted at an angle of 23.5° away from vertical. The part of the globe that the flashlight is shining
on represents daytime.

ure 1. Earth-Sun System Model





image14.png
Part A.

How could you use the model shown in Figure 1 to represent a day AND to represent a year?
To represent a day, the globe would have to make one full rotation on its axis. To
represent a year, the globe would have to make one complete revolution around the
Flashlight.
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PartB.

What two factors cause the cycle of the seasons?
Earth has seasons because its axis is tilted as it revolves around the sun during the

year.
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Part C.
According to Figure 1, which areas on Earth are consistently the coolest? Which areas are
consistently the warmest? Why?

The equator is where it is consistently the warmest because sulight hits Earth's
surface directly. It is consistently coolest at the poles where the sunlight hits
Earth's surface at an angle. So, the sun's energy is spread out over a greater area.
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Prompt 2

Sometimes the moon appears round. Other times, it appears s a thin sliver or crescent. The
different appearances of the moon seen from Earth are called phases.
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PartA.

Figure 2 shows Earth and the moon phases as ebserved from Earth. The sun is s
right. The Waxing crescent, New moon, and Waning|gibbous are shown.

ing from the

Use the letters A, B, C, D, and E to correctly sequence the moon phases in Figure 2.

® O O © O

Waning crescent  Waxing gibbous Full moon First quarter Third quarter
A [ c ) E
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Waning gibbous

Figure 2. Moon Phases

Waxing crescent

New moon

Sun
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PartB.

Why do the moon phases as observed from Earth change as the month progresses? Refer to
Figure 2 and the positions of Earth, sun, and moon to support your response.

Phases are caused by the positions of the sun, moon, and Earth. As the moon
revolves around Earth, you see the moon from different angles. The phase of the
moon depends on how much of the sunlit side of the moon faces Earth.
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Student Worksheet

This task is about the solar system.

You may use a caleulator to complete this task.

Task

The Milky Way galaxy is just one of the billions of galaxies in the universe. It contains Earth and
its solar system. The Milky Way galaxy has at least 100 billion stars. One of these stars is Earth's
sun.

The sun’s gravitational pull binds together the objects that compose our solar system. Each
object in our solar system has its own gravitational pull defined by its density, size, mass, and
distance from other celestial bodies.

Prompt 1

Part A.
If an object is dropped from 1,000 meters to the surface of the Earth, assuming there is no air
resistance, the object would reach an ending velocity of 502 km/hr. On Earth’s moon, the same.

object dropped 1,000 meters above the surface of the moon would reach an ending velocity of
203 km/hr.

What must be true about the gravity of Earth compared to the gravity of the moon? Explain
how the ending velocities support your statement.
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The moon's gravitational pull must be less than Earth's because the ending velocity
is much less on the moon.
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PartB.

Table 1 shows the approximate gravitational pull of some objects in our solar system.

Table 1. Gravitational Pull of Solar System Objects

Object G":;‘s‘;)““
Mercury 37
Venus 89
Earth 98
Mars 37
Jupiter 23.1
Saturn 9.0
Uranus 87
Neptune 110
Pluto 07

Use information from Table 1 to complete the statements below.

Assume a person weighs 100 Ibs. on Earth. On Jupiter, the same person would
weigh - (Circle one.)
more  thesame less
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This is because the gravitational pull is greater than Earth's. Earth's gravitational
pull is a lot smaller at 9.8 m/s? compared to Jupiter's which is 23.1 m/s.
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Assume a person weighs 100 Ibs. on Earth. On Mars, the same person would
weigh - (Circle one.)
more  thesame less
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This is because the gravitational pull is less than Earth's. Mars’ gravitational pull is a
lot smaller at 3.7 m/s? compared to Earth's which is 9.8 m/s2.
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PartC.
If you were to land a spacecraft on the surface of a planet, you would want to know your rate of
descent.

Which objectlisted in Table 1 would be most likely to land like a floating feather with a low
rate of descent? Why?
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Pluto is most likely to land like a floating feather because the gravitational pull is
only 0.7 m/s2
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Prompt 2

Table 2 shows the density of each planet in our solar system.

Table 2. Density of Planets in our Solar System

Planet | Mercury | Mars | Uranus | Venus | Saturn | Earth | Neptune | Jupiter

Density

5429 |3934| 1270 | 5243 | 687 |5514| 1,638 | 1326
kg/m?)

Source: Panetary Fact Sheet (nasa 20¥)
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Part A.
Sort and list the rocky planets and the gaseous planets in Chart 1 using the data in Table 2.
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Chart 1. Rocky versus Gaseous Planets

Rocky Planets Gaseous Planets

Mereury, Venus, Mars, Earth Saturn, Neptune, Uranus, Jupiter





image32.png
PartB.

Explain your reasoning for sorting the planets as either Rocky Planets or Gaseous Planets.
Include how you used data from Table 2 to sort the planets.




image33.png
The rocky planets must be denser than the gaseous planets because rock is denser
than gas. Mercury, Venus, Mars, and Earth have densities between 2,370 and 5,514
kg/m?. The other planets have densities less than 1,638 kg/m®.




image34.png
PartB.

The following information relates to the Star Beta system in Diagram 1

o Planet Xis closest to Star Beta. Planet X has no atmosphere. During the day, the side facing
Star Beta reaches temperatures of 500°C. At night, all the heat escapes into space. The
temperature drops to ~200°C.

© Planet Y has a thick atmosphere. All days on Planet ¥ are cloudy. The average daily
temperature on this planet is 475°C.

Explain why Planet Y is hotter on average than Planet X, even though Planet Y s further from
Star Beta. Use your knowledge of the characteristics of the planets in our solar system in your
explanation.
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The atmosphere on Planet ¥ traps the heat. This is like the atmosphere on Venus.
Also, it is called the 'Greenhouse Effect" on Earth. Without an atmosphere fo hold
the heat, Planet ¥'s warmth would escape into space like Planet X. This is like
Mercury.
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Chart 2. Sequence of Events in the Formation of Earth’s Solar System

Sequence Number

Event

The cloud contracted under ts gravity and shrank to form a

2 spinning disk.
Small planetesimals collided and clumped together to form

5 rocky planets. The gases spun out further from the sun and
cooled to form the gaseous planets.

4 Within the nebula, the matter in the disk of gas began to
collect to form bigger clumps of matter due to gravity.
Earth's sun formed in the center of a disk of gas. The

3 remainder of the cloud formed a swirling disk called the solar
nebula

| The sun and all the planets of our solar system began as a giant

cloud of gas and dust.
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Part B.

Describe why the gaseous planets formed further from the sun.

The sun's energy warmed the objects in our solar system, like the rocky planets in
the inner solar system. There, it was too warm for lightweight gases to condense.
When the gases reached the cold temperatures of the outer solar system, they
condensed onto the gaseous planets.

rtC.

What has become of the leftover debris in the solar system that never became planets?
The leftover debris has formed things like the Asteroid Belt, comets, and
meteoroids.
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Prompt 3

Diagram 1 shows an imaginary, newly discovered planetary system around Star Beta. The
ital periods of the three planets ar

o PlanetX~75 Earth days
o Planet Y~ 200 Earth days
o PlanetZ~300 Earth days

Diagram 1. Star Beta’s System

PlanetZ

Planet YO}
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PartA.

Is it ever possible for Planet Z to be closer to Planet X than to Planet Y?
vES NO

ds AND by drawing the relative

Explain your answer by considering the planets’ orbital pe
ital positions of the planets on Diagram 1.
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Yes, it is possible. After 300 days, Planet X will complete four complete 75 orbits
and be in the same position. Planet Z will have completed one orbit and be in the
same position. But Planet ¥ will have completed only 1.5 orbits and will be on the
opposite side of Star Beta than the other planets. That is when Planets X and Z
will be closer together than Planet Y.
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Prompt 4.

Itis theorized that after the Big Bang, matter in the universe separated into galaxies such as the
Milky Way Galaxy. Where Earth's solar system is now, there was a cloud of gas and dust.

Figure 1 illustrates the sequence of events that led to the formation of Earth's solar system.

Figure 1. Formation of Earth’s Solar System
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Part A.

Use the numbers 1, 2, 3, 4, and 5 to correctly sequence the events in Chart 2. Use your
understanding of the Big Bang theory and Figure 1 to match the description of the events that
formed Earth's solar system.




