EQuIP Rubric for Lessons & Units: Science
Response Form

Grade Level of Lesson: 5-7
Lesson/Unit Title: 68/37/72/73/122. About Jupiter’s Family Secrets

I. Alignment to the NGSS: (Practices: #2; DCI: MS-ESS1-B.i; MS-ESS1.B.ii; MS-PS1.A.vi; MS-PS2.B.iii; Crosscutting Concepts: #3, 4, 6)

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.
	It should be noted that this is an evaluation of the full unit from the Lunar and Planetary Institute titled "About Jupiter's Family Secrets". The assigned lesson (#68-Investigating the Insides) is only one part of this two-week learning cycle. Here's a link to the full unit:  http://www.lpi.usra.edu/education/explore/solar_system/
 
Science and Engineering Practices Alignment

Practice #2:  Developing and Using Models
Grade 4: Develop a model using an analogy, example, or abstract representation to describe a scientific principle.
Grade 4: Use a model to test interactions concerning the functioning of a natural system.
Grades 4-5: Develop a model to describe phenomena.
Grades 6-8: Develop a model to describe unobservable mechanisms.
Grades 6-8: Develop and use a model to describe phenomena.

Practice #3: Planning and Carrying Out Investigations
Grade 5: Make observations and/or measurements to produce data to serve as the basis for evidence for an explanation of a phenomenon.
Grades 6-8: Conduct an investigation to produce data to serve as the basis for evidence that meet the goals of an investigation.
Grades 6-8: Collect data to produce data to serve as the basis for evidence to answer scientific questions or test design solutions under a range of conditions.

Practice #6: Constructing Explanations and Designing Solutions
Grade 4: Use evidence (e.g., measurements, observations, patterns) to construct an explanation.

4 Apply scientific ideas to solve design problems.
Grades 6-8: Apply scientific ideas or principles to design an object, tool, process or system.
Grades 6-8: Construct an explanation that includes qualitative or quantitative relationships between variables that predict phenomena.

Grades 6-8: Construct a scientific explanation based on valid and reliable evidence obtained from sources (including the students' own experiments) and the assumption that theories and laws that describe the natural world operate today as they did in the past and will continue to do so in the future.

Students create physical models of the planetary structures of both Jupiter and Earth, and models of cloud and storm systems on both planets, using common household ingredients. Activities supporting Modeling:
Jiggly Jupiter, Storms of Jupiter and Earth, Investigating the Insides.

Students conduct experiments to investigate density of planets, the relationship between temperature and pressure, and how compasses work. Activities supporting Performing Experiments:
Temperature and Pressure, Phase Change, Investigate the Insides

Students will construct explanations based on supplementary materials (e.g., data, image sets, and videos) embedded within the lessons, they also generate explanations based upon student-created simulations of the scale of the Solar System, indirect observation techniques. Activities that support Constructing Explanations:

Neato-Magneto Planets, The Solar System in My Neighborhood, Wind Patterns on Earth and Jupiter, and Jump to Jupiter (Scale of the Solar System activity). 
They will engage in engineering design in the activity titled "Design a Spacecraft to Jupiter".

MS-ESS1.B.i (Our Solar System): This DCI is addressed by the following activities:  Jump to Jupiter, Neat-Magneto Planets, The Solar System in My Neighborhood, Dunking The Planets, Investigating the Insides, and Storms on Earth and Jupiter.

MS-ESS1.B.ii (Formation of Solar System): This DCI is addressed by the following:  Video-Formation of Jupiter, Planetary Clouds, and From Your Birthday to Jupiter's. 
MS-PS2.A.vi (Changes of State and temperature/pressure connection). This DCI is addressed by the following activities:  "The Relationship of Temperature and Pressure" experiment, and "Phase Change" experiment. 

MS-PS2.B.iii (Forces at a Distance)  This DCI is supported by the Neato-Magneto Planets activity on magnetic field, and on "Drawing Field Lines" activity.

CC #3: Scale & Proportion – This lesson provides not one, but two activities that support scale and proportion: 

1. The outdoor activity "Jump to Jupiter" uses objects ranging from a grapefruit (largest) to pepper flakes (smallest) to represent sizes of the planets and moons. It is best done on a football field so the scale will be an accurate ratio of the distances from each planet to the Sun. However, it that's not possible, it provides ideas for extending the representation only as far as Uranus (which requires half the space). 
2 . The indoor activity "The Solar System in My Neighborhood" is a highly thought-provoking way for kids to understand scale AND relate the scale of objects in the Solar System to a proportional model of things in their neighborhood and community. For kids who didn't quite get the outdoor scale activity, this one will make the light bulb go on.

CC #4: Systems and System models -- The following activities support this CC:

1. Video: Origins of Jupiter
2. Storm Systems on Earth and Jupiter
3. Neato-Magneto Planets
4. Solar System in My neighborhood

CC #6: Structure and Function -- The following activities support this CC:

1. Jiggly Jupiter -- Kids use Jello, cherries, cinnamon candies, chocolate syrup, and whipped cream to model the structure of both Earth and Jupiter from inner core through surface. (Jupiter is modeled by the full Jello jiggler; Earth is modeled by one candy-filled cherry.

2. Design a Spacecraft to Jupiter - this engineering design project lets kids explore how materials can be used to build objects for particular functions. 
	It should be noted that the NGSS DCIs for upper elementary are quite superficial for core content relating to the Solar System. Many educators believe that students in Grades 4-5 can understand many aspects of solar systems, planetary structures, composition of planets and moons, and the vast scale of the Solar System - with appropriate grade-level instruction. The DCIs listed below are designated for middle school, but could be effectively introduced in Grades 4-5 with scaffolding. This particular instructional unit is appropriate for upper elementary to Grade 7.

DCI Alignment
Earth/Space Science - Middle School
Earth and the Solar System:  MS-ESS1.B.i: The solar system consists of the sun and a collection of objects, including planets, their moons, and asteroids that are held in orbit around the sun by its gravitational pull on them

MS-ESS1.B.ii:  The solar system appears to have formed from a disk of dust and gas, drawn together by gravity. (MS-ESS1-2)
Middle School Physical Science

Matter and Its Interactions:  MS-PS1.A.vi The changes of state that occur with variations in temperature or pressure can be described and predicted using these models of matter.
Types of Interactions: MS-PS2.B.iii Forces that act at a distance (electric, magnetic, and gravitational) can be explained by fields that extend through space and can be mapped by their effect on a test object (a charged object, or a ball, respectively).
It should be noted that the experiments and activities are very effective ways to integrate many of the Science and Engineering Practices.

The lesson is lacking "close reading" support for children of this age and developmental level. There is a section in the website called "Background Information", but it is clearly for teachers as the Flesch-Kincaid Reading score was 43.16, corresponding with Grade 12. Increasingly, school districts and state Departments of Education have expectations that students will engage in close reading of expository text related to science or technical subjects. It's not enough to investigate and explore with your hands. Kids are also expected to digest text material related to the core content. It is important that this be added to the website.






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 lessons are quite well sequenced and would provide a very rich, memorable two-week unit of study for Grades 5-7. Teacher background information is provided for each lesson, with instructional tips interspersed throughout.

	It may daunting for a busy teacher to implement this lesson. The sheer volume of materials to be purchased for all the hands-on activities is a bit overwhelming, especially for teachers in the middle grades who may be teaching 7 classes a day at 3 grade levels in two disciplinary areas. In an ideal world, teachers would all have support to help with purchases, printing student handouts, setup, cleanup, and supervision of messy activities. But the truth is almost all the work will fall to one lone teacher with (perhaps) a bit of help from an aide for students with disabilities. This is why it is especially important for scientific societies and associations to step up and help. 

	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.
	The unit effectively integrates Earth, Space, and Physical Science, as noted above under the Disciplinary Core Ideas.

	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 unit does a masterful job of integrating Common Core Math standards in the domains of Ratios and Proportional Relationships as noted below:

Middle School: 6.RP.3.a Make tables of equivalent ratios relating quantities with whole number measurements, find missing values in the tables, and plot the pairs of values on the coordinate plane. Use tables to compare ratios . This is addressed in the following activities:  Jump to Jupiter, Temperature and Pressure experiment, Neato-Magneto Planets, and Solar System in Your Neighborhood.

Middle School:  7.RP.1 Compute unit rates associated with ratios of fractions, including ratios of lengths, areas and other quantities measured in like or different units. This standard is met by the activity Solar System in My Neighborhood.
	The unit would be stronger if it included "dedicated" background reading segments for the key concepts, written at the level of Grades 4-7 and including a modified text version for students with disabilities or ELL. Although there are many links provided within each lesson to books or websites with text-based information, teachers will not have the time to sift through each one. In all likelihood, teachers also won't have textbooks that cover many of the concepts (such as origin of the Solar System, structure of Gas Giants and rocky planets, planetary magnetic field, prevailing wind patterns on various planets, and storm systems). Science and math teachers are now expected include "close reading" so students have opportunities to delve into the content through expository text that will challenge them. To be most helpful, the lessons should be accompanied by challenging text at the appropriate grade level - (a click-and-go for teachers). This element is lacking in this unit.





Summary of Observations and Suggestions for Improvement:

The unit is exceptionally well-aligned to all three dimensions of the NGSS and to a segment of the Math Common Core which is often overlooked (i.e., Analyzing Proportional Relationships). Most importantly, it offers richly engaging ways for students to immerse themselves in a comparison of their home planet and the planet Jupiter. As they do so, they will be meeting a plethora of Science and Engineering Practices and seamlessly studying concepts of space, earth, and physical science simultaneously. It may be important to provide easily-accessed "close reading" segments that specifically accompany the hands-on materials and are written at a level appropriate to the age group. This is lacking in the unit. The only background information is quite good, but is clearly intended for teachers as the Readability score was Grade 12 on the Flesch-Kincaid Index.



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.
	This is possibly the greatest strength of the unit - it provides numerous and diverse opportunities for first-hand discovery, building of physical models, simulations of scale and proportion, and representations that can be viewed or manipulated. For example, the following components provide evidence:

1.	Jump to Jupiter-simulation of scale.
2.	Planet Party-Firsthand discovery through viewing night sky.
3.	Jiggly Jupiter-physical modeling.
4.	Temperature & Pressure Experiment-Firsthand discovery.
5.	Phase Change Experiment-Firsthand discovery.
6. 	Storms on Earth and Jupiter-physical modeling.
7. 	Investigate the Insides-manipulable representation.
8. 	Neato-Magneto-Firsthand discovery.
9. 	Solar System in my Neighborhood-simulation of scale and representation of proportion (comparing).
10.	Solar System to the student's neighborhood.

As mentioned above, the unit is exceptionally well-aligned to all three dimensions of the NGSS and to a segment of the Math Common Core which is often overlooked:  Analyzing Proportional Relationships. It is particularly strong in its alignment to these Science and Engineering Practices:  Developing and Using Models, Planning and Carrying Out Investigations, and Constructing Explanations. It provides a seamless way to blend the Practices with the Crosscutting Concept "Scale, Proportion, and Quantity". Most importantly, it offers richly engaging ways for students to immerse themselves in a comparison of their home planet and the planet Jupiter. As they do so, they will be meeting a plethora of Science and Engineering Practices and seamlessly studying concepts of space, earth, and physical science simultaneously.
	If the design project is to be included, it needs to be better supported with a more robust lesson plan, including procedures and tips for teachers.


	Develops deeper understanding of the practices, disciplinary core ideas, and crosscutting concepts by identifying and building on students’ prior knowledge.
	Each lesson provides support for drawing out prior notions, science journaling, and asking students to connect their prior experiences with the core content.
	None. 

	Uses scientifically accurate and grade-appropriate scientific information, phenomena, and representations to support students’ three-dimensional learning.
	Answer should be ”yes and no”. The materials available in the website are exemplary - scientifically accurate throughout. The student hand-outs are written at an appropriate developmental level and images/representations will be comprehensible to the age group. However, there is little or no background text information for students to read about the concepts they are studying. The section in the website titled "Background Information" (as noted above) was clearly written for teachers.
	It is not enough to simply provide a series of links to additional reading for teachers to sift through. Busy middle school educators may not have time to do this and probably won't have existing textbooks that address the specific concepts in this unit. They need background information for students that can be quickly accessed for printing with one click and is written at the level of Grades 5-7. This expectation for "close reading" is being increasingly added to states' science and mathematics curriculum frameworks.

	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.
	The unit does an excellent job of providing provocative questions for students to express their thoughts, discuss and justify their opinions, and interpret or represent their ideas through written description, drawing, and physical modeling.
	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.
	This criteria is incorporated in the activity titled "Solar System in My Neighborhood", in which kids simulate the scale of the Solar System, figure out how to measure the scale by converting units, and then make a further connection by transferring this scale using equivalent ratios for real places on a map of their neighborhood. For example, they will use the school as the center. Measuring out in equivalent ratios, they will place pins at the location where each planet would be if scaled down to the neighborhood. It will help them clearly understand how many times greater the distance is from the Sun to Earth as Sun to Jupiter.

The lesson does not provide modifications for children with disabilities or who read below grade level. It is also concerning that kids with visual impairment may feel completely left out of most of the activities except Jiggly Jupiter.

The unit provides so many multisensory experiences, it will be within the cognitive grasp of almost all students at a broad variety of intellectual levels. Even difficult material (such as magnetic field lines) is presented in a way that will ensure success of most learners.

The unit provides comprehensive lists of extension activities and additional reading for learners with high interest or for gifted/talented populations.
	Given the overall excellence of the lesson, it would be a good idea to include modified materials that will meaningfully include kids with disabilities and those with visual impairments.

As mentioned above, the unit needs a section devoted to background reading.



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

	Provides guidance for teachers throughout the unit for how lessons build on each other to support students developing deeper understanding of the practices, disciplinary core ideas, and crosscutting concepts over the course of the unit.
	Procedural tips provide teachers with guidance at each step of the way, explaining how one concept leads into another.

	The lesson was developed prior to adoption of the Next Generation Science Standards. It would be helpful if it contained a prominent section "NGSS Connections" that spell out how the Practices are integrated with the Crosscutting Concepts and DCIs.




Summary of Observations and Suggestions for Improvement:

This unit contains remarkably comprehensive instructional support, including thorough background information, elicitation, warm-up questions, printable assessments for each lesson, tips for introducing difficult topics, answer keys, and explanations of how lessons fit together. Clearly, a great deal of planning and effort went into the development of this outstanding instructional unit.




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.
	Assessments are broken down below:
Jump To Jupiter (simulating scale) -- teacher observation
Jiggly Jupiter -- authentic assessment (physical models)
Temperature & Pressure Experiment -- data tables and lab reports

Phase Change -- data tables and lab reports
Clouds and Storms on Earth and Jupiter -- authentic assessment in the form of physical models and drawings
Jovian Poetry -- performance assessment

Design a Spacecraft to Jupiter -- performance assessment 
Investigating the Insides -- since this is an open-ended activity, the assessment occurs more in terms of teacher observation and full-class discussion. 

Neato-Magneto Planets-- worksheet and drawings of magnetic field lines

From Your Birthday to Jupiter -- authentic assessment (student-created "My Life Timeline" and "Jupiter's Timeline")

Solar System in my Neighborhood -- performance expectation (production of the scale-model neighborhood map)
	None.


	Elicits direct, observable evidence of students’ performance of practices connected with their understanding of core ideas and crosscutting concepts.
	Developing and Using Models -- this practice is assessed as follows:

Jiggly Jupiter activity: physical models of two planets
Storm and Cloud Systems on Earth and Jupiter:  physical models

Solar System in my Neighborhood -- student-created maps scaled down from Solar System dimensions

Planning and Carrying out Investigations -- assessed as follows:
Temperature & Pressure Investigation: students produce data tables and lab reports

Phase Change Investigation:  students product data tables and lab reports

Investigating the Insides:  students provide written responses of how they used indirect observational methods to investigate the interior of model "planets"

Constructing Explanations: assessed as follows
Clouds and Storms on Jupiter and Earth -- Students do written comparisons/contrasts of how these systems differ on the two planets

Neato-Magneto Planets: students engage in extended written response to questions about key concepts and also produce a drawing of magnetic field lines by following directions precisely 

Solar Systems in My Neighborhood:  students engage in dialog to explain and justify their neighborhood maps with scaled versions of objects in the Solar System pinned in correct places.
	None. 

	Formative assessments of three-dimensional learning are embedded throughout the instruction.
	As mentioned above, formative assessment opportunities are provided for each activity. This includes teacher discussion to elicit prior understanding and short assessments for each lesson allowing the teacher to gauge progress or tweak the instruction.
	None. 

	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.
	The unit does not provide rubrics or scoring guidelines, but the assessments do include answer keys and questions to expect from students.

	None.


	Assessing student proficiency using methods, vocabulary, representations, and examples that are accessible and unbiased for all students.
	As mentioned in detail above, the assessments are not accessible to all students, particularly students with visual impairment or kids with disabilities. This is a weakness of the lesson.
	Suggest a set of modified materials for use with students who have disabilities, ELL, or learners reading below grade level. Otherwise, the existing worksheets and student hand-outs are great





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 unit contains a quite comprehensive 60-minute opening lesson to gauge prior knowledge. Although it would not be considered an actual "pre-lesson inventory", that is fine for a lesson for this age group. The lesson contains a culminating activity, "My Trip To Jupiter" that would serve nicely as a summative assessment piece in that students are prompted to encapsulate aspects of what they learned each day in a scrapbook. It is a refreshing alternative to the paper-and-pencil final test.
	None.

	Provides multiple opportunities for students to demonstrate performance of practices connected with their understanding of disciplinary core ideas and crosscutting concepts and receive feedback.
	As mentioned above, the assessments weave together concepts in the DCIs with understanding of the Practices and Crosscutting Concepts. Perhaps the most powerful aspect of this unit is its integration of Earth, Space, and Physical Science with modeling, experimentation, and exploring things at a scale we don't experience in everyday life.
	None. 




Summary of Observations and Suggestions for Improvement:

Teachers will have very little preparation for assessing this unit. It is almost completely turn-key in terms of formative assessments, worksheets, and authentic assessments. The only suggestion is that the student hand-outs and worksheets are written at Grade Level 5, which may be inaccessible for students with disabilities, struggling readers, or ELL.

Overall Summary Comments:

This is one of the most delightfully engaging instructional units for integrating space science into a standard curriculum for the middle grades (Grades 5-8). Each lesson effectively blends all three dimensions of the NGSS, the Math Common Core, and ELA Common Core Writing For Literacy in Science and Technical Subjects. It provides a broad array of multisensory activities that include building physical models, conducting short investigations, and engineering design. It also provides not one, but two, exceptionally good lessons for promoting understanding of the scale of the Solar System in a way that depicts spatial relationships in accurate ratios. One of the physical models (Jiggly Jupiter) uses edible materials and STILL meets expectations for scientific accuracy. Each lesson provides students a context to understand Jupiter's composition, features, and scale in terms of similar systems on Earth, promoting greater comprehension. Elicitation exercises, formative assessments, and extension activities are also well-represented. However, the sheer number of hands-on activities would require several hours for teachers to acquire and assemble all the materials. This is a very real concern for busy classroom teachers who may not have anyone to help with all the set-up and tear-down. If the unit were presented as a summer camp with adequate volunteer staff members, it wouldn't be as daunting. But many teachers of Grades 5-8 teach students at 3 grade levels and often, 2 or more disciplines. Don't misunderstand -- I love this set of lessons. But I felt exhausted just reading through the details of acquiring the voluminous list of materials, setting up stations, printing all the hand-outs, and doing the rapid-fire setup and cleanups. Now factor in the budget justification prior to teaching the unit, the meticulous bookkeeping with original receipts, and the extensive forms required for reimbursement. There are a couple you could leave out, but too much dissection would dilute the effectiveness of the unit. 
