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Response Form

Grade Level of Lesson: 5-8
Lesson/Unit Title: 53. Flexing Muscles and Moons

I. Alignment to the NGSS: (Practices: #2, 4, 5, 6; DCI: MS-PS2.B.ii; MS-PS2.B.iii; MS-PS3.A.ii; HS-PS2.B.i; HS-PS2.B.ii; Crosscutting Concepts: #2, 4)

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.
	This lesson integrates four of the Practices to help students make sense of the process called "tidal flexing" in the context of Jupiter's moons Io and Europa. They perform calculations to determine gravitational attraction between the two moons and Jupiter, then they calculate gravity gradients for both planets given values provided within the lesson. They engage in a brief experiment that employs a physical model of Io and Europa (rubber balls) and log their results in a data table. They work in groups to compare and interpret results. Finally, they construct explanations for the phenomenon of gravity gradient based on the data from their experiment and the calculations they performed.

The calculation exercises ask students to use Newton's Law of Universal Gravitation (HS-PS2.B.i). When performing the short experiment with rubber balls as test objects, the students meet MS-PS2.B.iii (forces acting at a distance can be mapped by their effect on a test object) and partially meet HS-PS2.B.ii (forces at a distance are explained by fields such as gravitation). Also in the experiment, students explore a physical model (rubber balls) to help them understand that the force exerted by gravitational pull can result in deformation of a moon's surface, causing it to heat up. This meets MS-PS3.A.ii (an Energy DCI), though this alignment is less strong than the others.

Cause and Effect: The lesson promotes understanding of why gravitational forces become greater or lesser depending upon the distance of the two interacting objects and provides exercises to let students do related calculations showing this proportional cause-and-effect relationship. It also gives students a glimpse of the effect that Jupiter's enormous gravitational pull has upon its moons, which causes such significant deformations in the satellites that it is a cause of volcanic eruption on one. The experiment with the rubber balls seems superficial at first glance, but actually is a very nice physical model to show this deformation process in a way young adolescents can understand.

Systems and System Models: A planet/moon system is an ideal way to integrate earth science, mathematics, and physical science. The closing activity involves kids in constructing a physical demonstration outdoors that mimics the effects of tidal flexing on both Lo and Europa (which differ in the dynamics of how they are affected by the flexing).
	Bump up the grade level to Grades 7-10. The lesson's background information scored 57.46 on the Flesch-Kincaid Readability tool, which corresponds to grade level 10. The calculations are also too advanced for Grades 5-6. If you remove the computation, the lesson would be developmentally appropriate for Grades 5-6, but it would lose lots of its multidisciplinary potency.

The final physical demonstration is very good for middle school, but too juvenile for high school. On the other hand, the calculations are appropriate for Grades 8-10, but inappropriate for Grades 5-6. Insert Teacher Tips that point this out.





Summary of Observations and Suggestions for Improvement:

This is a highly engaging, cohesive lesson that nicely integrates all three dimensions of the NGSS and provides sufficient background in the core content. The primary concern is the lesson is designated for Grades 5-8, but the calculations required are too advanced for Grades 5-6. In addition, the background text scored a 57.46 on the Flesch-Kincaid Reading Ease index, which corresponds to Grade 10. This lesson may be more ideal for Grades 8-10, possibly being extended down to Grade 7 (but not to Grades 5-6). 


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 supports students with the use of symbolic representations (i.e., the calculations of gravitation and gravity gradients), and with first-hand experience using physical models (rubber balls) to explore the effects of gravitational pull on temperature of a spherical object. The closing activity lets students use creative dramatics to simulate the differing motion of Jupiter's two moons under the effects of tidal flexing. This last activity will appeal to the kinesthetic learner and will help the concepts embed into long-term memory tracks.

Alignment to Disciplinary Core Ideas for this lesson occurs mainly in the Physical Science domain of the NGSS. It is worth noting that the DCI standards for Earth's Place in the universe do not include orbital acceleration or tides. This lesson goes above and beyond the NGSS. The DCIs to which it DOES align are very well integrated with the practices of experimentation, modeling, and computational thinking. Both are well-blended with the Crosscutting Concepts of System Models and Cause and Effect.
	Page 2 of the lesson shows a link to "Europa Geology Jigsaw Puzzle", but it is a dead link. This sounds like a good way to extend the activities or provide additional support with a digital representation. Please fix.

The students are not really engaging in any specific standards within the NGSS ETS for Engineering Design.


	Develops deeper understanding of the practices, disciplinary core ideas, and crosscutting concepts by identifying and building on students’ prior knowledge.
	Does not meet the criteria. 

	This would be an easy fix, simply add a short section that includes prerequisite knowledge, definitions of the given vocabulary terms, and warm-up questions to elicit prior notions.


	Uses scientifically accurate and grade-appropriate scientific information, phenomena, and representations to support students’ three-dimensional learning.
	The calculations are accurate, with solutions provided for teachers; however, they are not appropriate for the designated grade band (i.e., Grades 5-8). These calculations would be developmentally appropriate for 8th-10th graders, possibly could be extended down to Grade 7. The rubber ball experiment is grade appropriate and accurate enough for a rough physical model. The final activity to "act out" the effects of tidal flexing on Io and Europa is developmentally appropriate for Grades 5-8, but too juvenile for high school. It is not particularly scientifically accurate; rather, it is a strategy for younger students to build a mental schema to understand forces at play in gravitational pull and how they manifest as tidal flex (not an easy concept).
	All three activities are good. Provide a short Teacher Tips section that lets teachers know the final activity is best suited to middle school. The calculations will require prior knowledge of using exponent properties in equations, a concept for learners who have completed a pre-algebra course.


	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.
	Students collaborate in groups to gather data, construct data tables, and interpret findings. Although the lesson does not specifically introduce a writing component, you could easily introduce one (see final summary).
	Suggest adding a concluding exercise consisting of "Reflection Questions" for students to ponder the accuracy of their physical models.


	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 lesson does not provide explicit written guidance in differentiating instruction, but it clearly incorporates multisensory activities that will include all children, regardless of learning level. For example, the calculation segment will appeal to the logical/mathematical thinker; the experiment will appeal to all learners (even those with disabilities and struggling readers); the creative dramatics will appeal to the kinesthetic "touchy-feely" learner at a broad array of developmental levels.

The lesson does not provide guidance in meeting needs of struggling learners. This will not pose a problem in the rubber ball and the creative dramatics activities, but poses a distinct problem in the section on Calculation.

The lesson does not provide extension materials for gifted/talented populations or students with high interest. The one link to an extension activity (i.e., Europa Geology Jigsaw Puzzle) is dead.

	Two suggestions are provided to improve the lesson:

1.  Provide an alternate background text that will bring the reading level to Grade 6 or 7. This will help middle school learners and also draw in struggling high school learners.

2. Provide a more explicit sequence in the Calculation section so learners will have greater support in understanding what each component of the equation represents.

Construct alternate background text for a lower reading level. It should provide the same information but be simpler to digest.

Provide scaffolded help sequence for struggling learners to be embedded in the Calculation section.

Fixing the Europa Jigsaw Puzzle activity link would be very helpful in providing an extension. Provide a link to 1-2 additional activities within the Solar System Exploration collection, sub-section "Gravity-It's What Keeps Us Together". There are 14 activities; a few of them would dovetail nicely as an extension for gifted/talented students.
 http://solarsystem.nasa.gov/educ/lessons.cfm
?Topic=Gravity%3A%20It%27s%20What%20Keeps
%20Us%20Together&Page=1





Summary of Observations and Suggestions for Improvement:


This is an excellent lesson, but somewhat lacking in instructional support. It would not be a tough fix. Here are a couple provided improvements:

1. Create an alternate background text that will bring the reading level to Grade 6 or 7. This will help middle school learners and also draw in struggling high school learners.

2. Provide an additional scaffolded help sequence in the Calculation section to support struggling learners in doing the math.



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.
	Teachers will be able to directly observe students in performing the necessary calculations to show effects of tidal flexing (relates to the Practice of Computational Thinking). The calculations will also gauge student understanding of the Universal Law of Gravitation (Disciplinary Core Idea HS-PS2.B.i). The experiment will provide data that can be evaluated to gauge understanding of changes in heat energy (Disciplinary Core Idea MS-PS3.A.ii). The data tables can also serve as a gauge of student performance in data analysis (Science and Engineering Practice). The final creative dynamics activity will let teachers observe students' ability to create a dynamic system model from text information (Crosscutting concept: Systems and System Models).
	None.


	Elicits direct, observable evidence of students’ performance of practices connected with their understanding of core ideas and crosscutting concepts.
	The lesson nicely integrates the mathematics of gravitation and tidal flexing with the core content relating to Newton's Universal law of Gravitation and Forces Acting at a Distance. The experiment allows students to demonstrate the connection between the Science & Engineering Practice of Data Analysis and Using Models with the DCIs relating to representing/mapping gravitational fields with test objects.
	None.


	Formative assessments of three-dimensional learning are embedded throughout the instruction.
	The calculation section is designed to provide two opportunities for formative assessment as it progresses. The experiment embeds formative assessment in two ways:

1.  Assessing student ability to gather and record data, and 
2. Assessing student ability to interpret numerical data within the framework of a context. The final activity is less conducive to formative assessment, but can still be subject to teacher observation to see how well students translate their physical models from the text information.
	The final activity would be more powerful if it included reflective questions asking students to consider their configurations and summarize how this is like the Jupiter-Io-Europa system and how it is not like the planetary system.


	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.
	Does not meet criteria.

	Rubrics may not be necessary for a lesson this short, but scoring guidelines would be helpful for the experiment.


	Assessing student proficiency using methods, vocabulary, representations, and examples that are accessible and unbiased for all students.
	The lesson as it stands is written for a reading audience at about Grade 10 level, but the final activity is appropriate for pre-teens. The calculations will not be accessible to any student who has not completed pre-algebra or for struggling math learners. The experiment with the rubber balls is the most accessible to a broad variety of levels and abilities. The lesson also does not provide definitions of the relevant vocabulary.

	The following list provides some recommendations to improve the activity:

1. Link to vocabulary definitions

2. Alternative background text, rewritten to be accessible to Grade Levels 5-7

3. Graphic organizer for students with disabilities to assist them in setting up the data table for the experiment

4. An expanded calculation section that provides more scaffolding in equation set-up and help to understand each element of the formulas provided




Summary of Observations and Suggestions for Improvement:

Although this lesson does not provide rubrics or "tests", it relies on authentic assessment in 2 of the 3 activities. This pedagogical approach is more effective than a contrived set of problems or a unit quiz. In terms of assessment, the final activity could be improved by asking students to respond to reflective questions that probe how their physical models accurately depict the planetary system in question and how they are inaccurate.

Overall Summary Comments:

This is an excellent lesson providing solid intersection with all 3 dimensions of the NGSS and with the Math Common Core. However, the lesson is not appropriate for the designated grade level of Grades 5-8. 
The following suggestions can all be handled without a redesign to improve the lesson:

1. Bump up the grade level to Grades 8-10 or 7-10
2. Insert vocabulary definitions
3. Insert section of warm-up questions to elicit prior notions
4. Create an additional version of the background text at a lower reading level to accommodate struggling learners
5. Create a "help" link within the Calculation section to provide more scaffolding with the algebraic equations and explicit guidance to understand each element of the formula
6. Insert a concluding exercise consisting of "Reflection Questions" for students to ponder the accuracy of their physical models

