EQuIP Rubric for Lessons & Units: Science
Response Form
Grade Level of Lesson: 5-8
Lesson/Unit Title: 271. Journey through the Universe – Lesson: Exploring Orbits

[bookmark: _GoBack]I. Alignment to the NGSS (Practices: #2, 5, 7; DCI: MS-ESS1.B.i; Crosscutting Concepts: #3)

The lesson or unit aligns with the conceptual shifts of the NGSS:
	Criteria
	Specific Evidence From Materials Under Review
	Suggestions for improvement

	Elements of the science and engineering practice(s), disciplinary core idea(s), and crosscutting concept(s), blend and work together to support students in three-dimensional learning to make sense of phenomena or design solutions.

· Provides opportunities to use specific elements of the practice(s) to make sense of the phenomena or design solutions.
· Provides opportunities to construct and use specific elements of the disciplinary core idea(s) to make sense of phenomena or design solutions.
· Provides opportunities to construct and use specific elements of the crosscutting concept(s) to make sense of phenomena or design solutions.
	Practice #2: Developing and Using Models
This Practice is supported by Activity 1 (i.e., Ellipses are Eccentric) in which students explore the meaning of "ellipse" and its geometric shape by constructing ellipses using paper clips and string. It is a great way for learners to start their exploration of orbital motion. In Activity 3 (i.e., The Eccentricity of Solar System Objects) students also address Practice #2 by constructing a larger physical model which is required to conform to scale. They will be modeling the elliptical paths of the following objects in the Solar System:  (1) the 4 Gas Giants, (2) an asteroid, (3) Pluto, (4) a comet, and (5) an object in the Kuiper Belt. Through modeling, they will be building understanding of the great differences among planetary, asteroid, and comet ellipses. 

Practice #5:  Using Mathematics and Computational Thinking
This Practice is addressed by the second activity, "Exploring Eccentricity", where students will be introduced to the formula for calculating eccentricity. They will use this formula to fill out data tables that show the relationship between the length of the major axis, the orbital eccentricity, and the distance between foci. 

Practice #7: Engaging in Argument from Evidence
The wrap-up activity engages students in a debate over whether Pluto is or is not a planet. This activity specifically addresses the Practice of critical argumentation.

MS-ESS1.B.i (Planets, Moons, Asteroids and their orbits) 
This DCI is well addressed by each of the exercises within this module. In "Ellipses Are Eccentric", learners look at elliptical shapes and construct physical models of 2D ellipses. In the second lesson, "Exploring Eccentricities", the authors introduce the formula for calculating eccentricity, which addresses HS-ESS1.B.i (Kepler's Laws). In the third activity, "The Eccentricity of Solar System Objects", students build a larger physical model of the orbital paths of 8 objects in the Solar System. They must apply the given formula, and then accurately place the data in a table. Finally, they will build scale models of the orbital ellipses of the 8 objects.

The two modeling activities do a good job of addressing CC #3, especially the elements of "scale" and "proportion". Students will be using proportional reasoning to figure out the relationship among eccentricity, distance between the foci, and length of the major axis. Some will be able to master this on their own; others will need the formula to be explicitly given. Either way, the lesson then guides them to apply the calculations within the context of orbital motion. In addition, the students are tasked to build a model "to scale" that shows elliptical orbit paths for 8 objects in the Solar System:  the 4 Gas Giants, Pluto, an asteroid, a comet, and an object in the Kuiper Belt. This will help students to visualize the vastly huge scale of distance between the Gas Giants, in comparison with the four inner planets.

	Activity 1 (Ellipses are Eccentric) is a simple and appropriate way to introduce students to the concept of "ellipse", both as a geometric shape and in a mathematics context. The activity could be even stronger if the authors embedded an interactive simulation allowing learners to more fully explore the concept. Below is a link to a simulation that lets students drag points on an ellipse -- either elongating or shortening the distance between foci. This could help some students have an "aha" moment.  And it is free.
http://www.mathsisfun.com/geometry/ellipse.html

Provide more background support for activities 2 and 3.  Some students will be thinking, "But what are those things we call foci?"  What do they focus on? Do these points represent something to astronomers? Embed a short tutorial for students that could shed more light on these concepts. The resource has a fine Background section for teachers, but it's written at a college level. A student-friendly tutorial would be a great asset here.

Help guide students in developing their argument about Pluto being a planet. Without structured guidance, students could be expected to base arguments on the size of Pluto alone.  When Pluto was re-designated as "Dwarf Planet" in 2006, it was a topic of hot debate among astronomers, and size wasn't the major issue. Astronomers were also looking at the eccentricity of its orbit compared with the other planets, and its plane of inclination (Pluto has a 17-degree inclination from the ecliptic plane of the other planets). If properly steered to reliable information, students will construct better arguments.

This resource is designated for Grades 5-8. Due to the sophisticated nature of the concepts and the need to apply algebra, the resource is not appropriate for Grade 5 and of questionable appropriateness for Grade 6. When aligning it to the Math Common Core, it is most closely aligned with High School Algebra A-CED.4 - Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving equations. It is also aligned with a Math Common Core for analyzing proportional relationships and using them to solve problems -- 7.RP.2.c Represent proportional relationships by equations. Either way, the lowest Grade at which the mathematics is introduced by the Common Core is Grade 7.  In addition, the text found in the student hand-outs scored in the Grade 6 range on the Flesch-Kincaid Readability Index. This information, together with the fact that the resource aligns with the DCI on Kepler's Laws (High School) may suggest this lesson is more appropriate for Grades 7-9. Within this Grade band, the lesson matches up quite well with the DCIs specified above. 

Additional suggestions for improvement: (1) there are several high-quality interactive digital simulations that let students set multiple parameters for elliptical paths and "build their own Solar System". These models can take students beyond modeling our own Solar System to a more in-depth investigation of the complex gravitational ballet that underlies planetary orbits. Embed one in the lesson. A very nice one can be found at the PhET website (Physics Education Technology Project).  Link below:
http://phet.colorado.edu/en/simulation/my-solar-system
In addition, embed an interactive digital simulation into the lesson to help students get a more in-depth feel of the gravitational interactions that underlie planetary motion. They simply will not be able to get this connection from their physical models alone. Here's a link to the PhET My Solar System Simulation:
http://phet.colorado.edu/en/simulation/my-solar-system






A unit or longer lesson:
	Criteria
	Specific Evidence From Materials Under Review
	Suggestions for Improvement

	Lessons fit together coherently, build on each other, and help students develop proficiency on a targeted set of performance expectations.
	The three lessons in this mini-unit are well-sequenced so that they build in a logical fashion. Activity 1 introduces the concept of elliptical shape without math; Activity 2 introduces the formula for calculating eccentricity, and Activity 3 challenges students to build a scale model of the orbital paths of 8 different Solar System objects (two with highly eccentric ellipses).  The culminating wrap-up activity engages students in a debate about whether Pluto is or is not a "planet".  Together, the lessons will help students master the idea that objects in the Solar System travel around the Sun in an elliptical orbit, which is fairly circular for the 8 planets, eccentric for Pluto, and wildly eccentric for Halley's Comet. They will be able to do simple calculations to help them connect the relationship among eccentricity, length of the major axis, and the distance between foci.

	None.


	Develops connections between different science disciplines by the use of crosscutting concepts and develops connections between different science disciplines by using disciplinary core ideas where appropriate.
	This resource very effectively blends math, space science, and physics through the following:  calculations of eccentricity, calculations needed to build a model to scale, Kepler's 1st Law, and types of objects in our Solar System.
	None. 

	Provides Grade-appropriate connection(s) to the Common Core State Standards in Mathematics and/or English Language Arts & Literacy in History/Social Studies, Science and Technical Subjects.
	This lesson provides opportunities for Common Core Math. Specifically, for:
Middle School: Ratios and Proportional Relationships
Grade 7-Analyzing Proportional Relationships 7.RP.2.c Represent proportional relationships by equations.  
This is addressed as students ponder questions to connect the relationship among eccentricities, distance between the foci, and length of the major axis in an ellipse.
High School Algebra: Creating Equations
A-CED.4 Rearrange formulas to highlight a quantity of interest, using the same reasoning as in solving equations. This is addressed as students take the given formula and rearrange it to solve for the distance between foci. They then input this information in a data table to help them construct their physical models of elliptical paths taken by 8 Solar System objects.
	None. 





Summary of Observations and Suggestions for Improvement:

This lesson will be a very engaging way for students to begin an exploration of ellipses and orbital motion. It blends all three components of the NGSS and crosses the curriculum to cover space science, physics, and math. The resources may be inappropriate for Grade 5-6 due to the complexity of the concepts and requirement to use algebra. It may be best to redesign this lesson for Grades 7-9. In addition, the lesson could be stronger if it incorporated high-quality interactive simulations that depict planetary motion and elliptical orbits. Digital models can take students beyond modeling our own Solar System to a more in-depth investigation of the complex gravitational ballet that underlies planetary orbits - embed one in the lesson, a very nice one can be found at the PhET website (Physics Education Technology Project).  Link below: 
http://phet.colorado.edu/en/simulation/my-solar-system



II. Instructional Supports

The lesson or unit supports instruction and learning for all students:
	Criteria
	Specific Evidence From Materials Under Review
	Suggestions for Improvement

	Engages students in authentic and meaningful scenarios that reflect the practice of science and engineering as experienced in the real world and that provide students with a purpose (e.g., making sense of phenomena or designing solutions).

· Provides students with multiple phenomena (either firsthand experiences or through representations) that support students in engaging in the practices.
· Engages students in multiple practices that blend and work together with disciplinary core ideas and crosscutting concepts to support students in making sense of phenomena or designing solutions.
· When engineering performance expectations are included, they are used along with disciplinary core ideas from physical, life, or earth and space sciences.
	The lesson contains opportunities for students to construct physical models, but otherwise does not provide images sets, illustrations, or digital models that could shed light on the physical processes of planetary orbits and elliptical paths taken by celestial objects as they orbit a star.

This module does quite well at blending the Practices of Modeling, Using Mathematics, and Critical Argumentation with two DCIs relating to Solar System and Kepler's Laws. The second physical model is a very effective way for students to comprehend the vast scale of objects beyond the inner planets (i.e., something that is quite difficult for many students to process).

The module does not address engineering design.
	Suggest embedding a high-quality interactive simulation that will let students further explore orbits and ellipses. A good one can be found at the PhET website (Physics Education Technology Project). Link below: 
http://phet.colorado.edu/en/simulation/my-solar-system

It could also be great for students to view illustrations that depict planets' orbital paths in our Solar System, along with highly eccentric orbits such as comets and Kuiper Belt objects.


	Develops deeper understanding of the practices, disciplinary core ideas, and crosscutting concepts by identifying and building on students’ prior knowledge.
	The module contains a well-crafted opening teacher demonstration with discussion questions designed to prior elicit student knowledge.
	None.

	Uses scientifically accurate and Grade-appropriate scientific information, phenomena, and representations to support students’ three-dimensional learning.
	The answer should be "yes and no".  All the scientific information provided in the module is accurate. Due to the sophistication of the concepts and the level of math introduced, the lessons are not appropriate for Grade 5 and of questionable appropriateness for Grade 6. The resource should be designated for Grades 7-9.  If designated, this box could be answered "yes" without reservation.
	None. 

	Provides opportunities for students to express, clarify, justify, interpret, and represent their ideas and respond to peer and teacher feedback orally and/or in written form as appropriate to support student’s three-dimensional learning.
	At each critical juncture of the module, students have opportunities to express their ideas with cooperative group members and interact in classroom discussion. The worksheets give them opportunity to interpret data and make sense of their physical models by doing short responses to questions. In the final activity (the debate on whether Pluto is or is not a planet) students express opinions both in writing and orally, and then justify their opinions with information gained from research.
	None. 

	Provides guidance for teachers to support differentiated instruction in the classroom so that every student’s needs are addressed by:

· Connecting instruction to the students’ home, neighborhood, community and/or culture as appropriate.
· Providing the appropriate reading, writing, listening, and/or speaking modifications (e.g.,  translations, front loaded vocabulary word lists, picture support, graphic organizers) for students who are English language learners, have special needs, or read well below the Grade level.
· Providing extra support for students who are struggling to meet the performance expectations.
· Providing extensions consistent with the learning progression for students with high interest or who have already met the performance expectations.
	The module does include cultural or community connections.

The answer should be "yes and no".  The student handouts contain text that scored 78.83 on the Flesch-Kincaid Readability Index, corresponding to Grade 6. This is low enough to be accessible to most students in Grades 7-9 (i.e., the Grade band recommended by this evaluator for the module).  What is missing is vocabulary support. Many students will not know the meaning of "ellipse" as a geometric term and most will be clueless about terms like "plane of inclination", foci, major and minor axes, eccentricity (i.e., as it applies to orbits). A glossary with student-friendly definitions would be most helpful. It would also be beneficial to include graphic organizers for students with cognitive delays to provide more support with the modeling processes.

Some students will struggle with the concept of objects having a highly eccentric orbit (because it will be counter-intuitive to them). The lesson does not provide teaching tips or suggestions for differentiation to meet the needs of these students.

The module does a nice job of including ideas for extended learning for gifted/talented populations.
	For this particular topic of study, cultural and community connections might be contrived at best. The module is fine without them.

It would be very helpful to include short, kid-friendly tutorials that give students more support with the science concepts and/or with the meaning of ellipse in geometric terms. In particular, students would benefit from more background information to understand planes of inclination, eccentricity, and at least basic information about gravitational interactions in star/planet systems.




Summary of Observations and Suggestions for Improvement:

The authors are to be applauded for including a great deal of instructional support in the form of teacher-led demonstration, elicitation of prior knowledge, tips for probing misconception, suggested discussion questions, answer keys, and notes on common deviations from accurate responses. The module lacks vocabulary support, which is genuinely needed for this particular topic of study. It would also benefit by integrating additional representations beyond the physical modeling activities. High-quality interactive simulations have been created during the past decade that provides robust ways for students to explore Sun/Planet/Moon systems through digital models. Many of these have been developed by physicists or astronomers and are computationally accurate depictions. A few are so compelling they could extend student understanding significantly. Embed one or two such digital simulations within this module. 




III. Monitoring Student Progress

The lesson or unit supports monitoring student progress:
	Criteria
	Specific Evidence From Materials Under Review
	Suggestions for Improvement

	Assessments are aligned to the three-dimensional learning.
	The module addresses all three components of the NGSS through its varied assessments.  The student-constructed physical models address both DCIs plus the Practice of Using and Developing Models.  The worksheets address both DCIs as well as the Practice of Using Mathematics and Computational Thinking.  The second modeling activity directly addresses the Crosscutting Concept of Scale, Proportion, and Quantity. The final activity, the formal debate about whether Pluto is or is not a planet, addresses both DCIs and the Practice of Engaging in Argument from Evidence.

	

	Elicits direct, observable evidence of students’ performance of practices connected with their understanding of core ideas and crosscutting concepts.
	Through the worksheets, teachers can directly assess the depth of student understanding of the DCIs relating to ellipse and orbital motion. The worksheets also provide evidence of whether the students were able to master the mathematics necessary to complete the data tables for calculating eccentricity.  The physical models provide teachers with highly visual, observable evidence of how well students could follow a precise set of directions, then apply mathematics to construct models to scale.

	

	Formative assessments of three-dimensional learning are embedded throughout the instruction.
	A strength of this lesson is that formative assessment is embedded throughout the entire three days of learning. This includes three worksheets, two student-constructed physical models, and a partially filled-in data table that students must complete.





	

	Includes aligned rubrics and scoring guidelines that provide guidance for interpreting student performance along the three dimensions to support teachers in (a) planning instruction and (b) providing ongoing feedback to students.
	Now for candor.  The module contains highly detailed scoring guidelines, but it is my opinion that they should be revised. See “Suggestions for Improvement”  for rationale.

	For the majority of students, this lesson will be their first foray into ellipses and planetary orbits (other than that of Earth around the Sun). They may be confounded by the idea of highly eccentric orbits and will most certainly be surprised by the difference in elliptical paths of the various objects in our Solar System that orbit the Sun. The math of elliptical orbits will be alien to them as well. Most will not have any idea what "foci" means, nor how to figure the relationship of eccentricities, distance between foci, and length of the major axis. The scoring guidelines in the module are too demanding. To get better than 3 out of 5, the student must be nearly perfect in the calculations and construction of the models. For exploration of brand new topics, kids need to feel free to investigate in a low-stakes environment. The scoring guidelines could make them feel afraid to take any risks. I believe the students should be given full points for participating to complete all the tasks. If they are to be graded for quality of work, perhaps they could write a reflective paper at the close about what they learned about orbital motion and how they could rebuild their models to make them more accurate.


	Assessing student proficiency using methods, vocabulary, representations, and examples that are accessible and unbiased for all students.
	As stated above, the module lacks vocabulary support....meaning that kids with disabilities or cognitive delays will have far more difficulty processing the concepts. In addition, the worksheets could prove too much for students with learning disabilities or who struggle with math.

	1) Create a glossary with kid-friendly definitions	
2) Create a modified set of worksheets to provide greater scaffolding for kids who struggle with math or who read below the level of Grade 6.




A unit or longer lesson:
	Criteria
	Specific Evidence From Materials Under Review
	Suggestions for Improvement

	Includes pre-, formative, summative, and self-assessment measures that assess three-dimensional learning.
	The module contains a well-crafted pre-instruction component (the teacher-led demonstration and discussion questions).  The final activity, the debate, could be used as a summative assessment quite easily.

	

	Provides multiple opportunities for students to demonstrate performance of practices connected with their understanding of disciplinary core ideas and crosscutting concepts and receive feedback.
	The lesson nicely integrates the use of physical models and critical argumentation with pattern recognition and scale. 
	Lesson could be even stronger if it also incorporated a computational model or digital simulation for students to further explore planetary orbital patterns and elliptical motion.



Summary of Observations and Suggestions for Improvement:
This module provides one of the best assessment components of any digital resource I've seen. At each phase of the 3-day lesson, it provides formative assessments and tips for teachers to probe student understanding through classroom discussion. It also provides detailed answer keys, including common deviations from accurate responses. My one concern is that the scoring guidelines are too rigorous, when considering that the students are probably encountering new topics and concepts which may seem counter-intuitive. This is an easy fix.
Overall Summary Comments:
This lesson will be a very engaging way for students to begin an exploration of ellipses and orbital motion. It blends all three components of the NGSS and crosses the curriculum to cover space science, physics, and math. The resources may be inappropriate for Grade 5-6 due to the complexity of the concepts and requirement to use algebra. It may be best to redesign this lesson for Grades 7-9. In addition, the lesson could be stronger if it incorporated high-quality interactive simulations that depict planetary motion and elliptical orbits. Digital models can take students beyond modeling our own Solar System to a more in-depth investigation of the complex gravitational ballet that underlies planetary orbits - embed one in the lesson, a very nice one can be found at the PhET website (Physics Education Technology Project).  Link below: 
http://phet.colorado.edu/en/simulation/my-solar-system

