EQuIP Rubric for Lessons & Units: Science
Response Form

Grade Level of Lesson: MS
Lesson/Unit Title: 194. Earth – Moon Activity

I. Alignment to the NGSS: (Practices: #2, 6; DCI: 5-ESS1.B.i; MS-ESS1.B.i; Crosscutting Concepts: #3, 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.
	The response should say "yes and no". The "Moon Phase Activity", in which students develop their own physical models will help them make sense of Moon phases. However, the "Earth/Moon Activity" could prove to deepen misconception or hamper understanding of the size difference between Earth and the Moon. The journaling activity (if properly set up) can be an effective way for students to reflect on their learning, express ideas, and engage in the Practice of constructing explanations.

All three activities have strong alignment with both 5-ESS1.B.i and MS-ESS1.B.i. Students will be exploring the Moon's phases, its orbit around the Earth, its spin on its axis, and the observable patterns of Moon phase that change daily depending on the position of the Moon relative to the Earth and Sun.

The alignment question for CC's should be answered "partially". The "Earth/Moon Activity" explores size comparisons between Earth and Moon, but only in a linear way by comparing diameters. The lesson will not fully support CC #3 on Scale, Proportion and Quantity because it won't help students understand the proportional relationships between Earth's volume and the MUCH smaller volume of the Moon. Presenting the comparison only within linear boundaries (i.e., diameter or radius comparisons) is insufficient to be fully aligned with CC number 3. 

The Moon Phase activity also meets the CC's only partially. This lesson involves students in building a physical model of the Earth/Moon system, using a darkened room with a light source as the Sun and Styrofoam balls to represent the Moons, which "orbit" around students. It's quite likely that students will begin to visualize that Moon phase is a complex thing that is dependent on light reflection from the Sun and on the Moon's position relative to the Earth/Sun system. This can be a huge leap, but it still won't help them understand how Earth/Moon is a sub-system of the larger system of Sun/planets.

	Earth/Moon Activity: This lesson is problematic because students will be exploring size comparison between Earth and Moon only by comparing their diameters. Education research during the past two decades indicates that students in the middle grades often have greater difficulty understanding the scale of objects in the Solar System because they don't grasp the relationships among radii, diameter, area, and volume of spheres. They recognize spheres as ball-like shapes, but don't realize that both volume and area change disproportionately with a linear value such as diameter. By using diameter alone as the basis for comparing Earth/Moon size, this lesson will not help students build a deeper understanding of the magnitude of the size difference. (i.e., Earth's diameter ~ 4 Moon diameters, but approximately 50 Moons would fit inside Earth if it were hollowed out). Begin the lesson with an interactive simulation from the PhET project, titled "PhET Estimation". It is available as a Java file or HTML 5, and lets students explore size estimation in 1, 2, and 3D with objects of varying shapes (including circles and spheres). It is a highly visual way for students to play around in a game-like environment to see why the formulas work. They will be amazed to see how disproportionate length and volume are. The link below:
http://phet.colorado.edu/en/simulation/estimation
After they play with the simulation, then they can do the Earth/Moon activity, armed with an understanding that they are considering only a 1D comparison in size. 

Another suggestion is for the journaling activity. It is a concern that students cannot always observe the Moon during the two-week observational facet of the activity. What if it is cloudy? What if Moonrise is so late they are already in bed? It would be helpful for the lesson to provide a link where students could obtain reliable data each day, including photos of the Moon in their region. Also, teachers are instructed to have students "use their vocabulary" in the journals, but the lesson does not provide a glossary or front-loaded vocabularies. This would be quite useful to include in the lesson.

These particular core ideas would be more powerfully supported if the lesson contained high-quality interactive simulations to help students visualize Moon phases within the framework of a more accurate model. While the styrofoam ball activity is engaging and allows students to move around, it has great limitations as a model of the physical process. I suggest this simulation (downloadable as a JAR file) developed by an astronomy instructor (it's appropriate for middle and high school if used with the supplementary materials provided by the author):
http://www.thephysicsfront.org/items/detail.cfm?ID=9308

As stated above, for the Earth/Moon lesson, I suggest supplementing it with the PhET Estimation simulation, to be introduced before doing the hands-on activity. It lets students explore size estimation in 1, 2, and 3D with objects of varying shapes (including circles and spheres). It is a highly visual way for students to play around in a game-like environment to see why the formulas work for circle area and volume of solid objects. Students will be amazed to see how disproportionate length and volume are, which will help prepare them to understand why the Moon would fit almost 50 times inside a hollowed-out Earth, even though the Moon's diameter is about .25 that of the Earth's. Here's the link: 
http://phet.colorado.edu/en/simulation/estimation

The "Moon Phase" activity will help introduce the underlying science behind Moon phases and help students understand why the phases follow a predictable schedule. Still, this physical model is highly inaccurate and doesn't explore how Earth/Moon is a sub-system of the much larger system of Sun/Planets. The extended exploration is now possible through high-quality interactive simulations that weren't available when this lesson was written 20 years ago. A few respected authors have assembled Moon phase computer models that include full lesson plans and Student Guides, such as Todd Timberlake's Moon Phase Simulation. This simulation can be run as a Java file (free download) or teachers can freely access the source code to customize it for their own classes. Either way, it is a more accurate model for visualizing Moon phase and will help students explore things that can't be duplicated in a physical model. Here's the link to the simulation, with the full set of supplementary materials:
http://www.thephysicsfront.org/items/detail.cfm?ID=9308





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 lesson is lacking in instructional support necessary for being designated a true instructional unit. It's not quite evident of how the 3 components build on each other (Earth/Moon Activity, Moon Phases, and Journal Activity).

	Suggest embedding the following to improve the lesson:


1.   Background information for teachers to brush up on the content and understand how one concept leads to the next.
2. Front-loaded vocabulary essential to content understanding.
3. More support for students to understand proportional relationships between Earth and Moon (follow link provided above to a related simulation.)
4. More support for students to understand the complexity of the factors at play in Moon phase phenomena (see link provided above to a computational model for use alongside the hands-on activity).

	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.
	With the suggested additions, this will be a robust lesson for meeting all three dimensions of the NGSS.

	Again, include the two interactive digital simulations suggested above. However, the lesson is lacking in instructional support necessary for being designated a true instructional unit. It's not quite evident of how the 3 components build on each other. This can be addressed in the following ways: 

1. Background information for teachers to brush up on the content and understand how one concept leads to the next.
2. Front-loaded vocabulary essential to content understanding.
3. More support for students to understand proportional relationships between Earth and Moon (follow link provided above to a related simulation).
4. More support for students to understand the complexity of the factors at play in Moon phase phenomena (see link provided above to a computational model for use alongside the hands-on activity).

	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 is conceptual in nature, so it probably will not be well-aligned with Math Common Core. However, the lesson probably should conform to the ELA Common Core standards requiring students to do deep reading of grade-appropriate text related to the scientific or technical content.
	Many states now require science teachers to show that their students are reading and comprehending scientific or technical text relating to the core content. It is often called "close reading", and teachers may desperately need help in providing it to students. Many teachers in the middle grades do not have astronomy textbooks and some have no science textbooks at all. They refer students to websites to read short tutorials (which can be highly variable in quality). It is now become important for digital science resources to either provide background reading excerpts appropriate to the target audience or to prominently display links that foster "close reading". This could be easily embedded within this set of lessons.




Summary of Observations and Suggestions for Improvement:

This set of 2 lessons plus the journaling activity, taken as a whole, meet the three dimensions of the NGSS. However, the lesson is lacking in instructional support necessary for being designated a true instructional unit. It is not quite evident for how the 3 components build on each other and there is also concern about whether the two hands-on activities will effectively promote deep understanding of the core concepts (e.g., Earth/Moon size and distance, Moon Phases). This can be addressed in the following ways: 

1. Background information for teachers to brush up on the content and understand how one concept leads to the next.
2. Front-loaded vocabulary essential to content understanding.
3. More support for students to understand proportional relationships between Earth and Moon (follow link provided above to a related simulation).
4. More support for students to understand the complexity of the factors at play in Moon phase phenomena (see link provided above to a computational model for use alongside the hands-on activity).
5. Greater support for teachers in the elicitation of prior knowledge at the beginning of the lesson. This could be a set of questions constructed by the authors, with tips on how to field possible answers and steer students away from grossly incorrect conceptions.



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.
	Phenomena include pictures of Earth and Moon and supplementary illustrations that compare their diameters. The lesson also includes a component requiring students to observe the Moon for 14 nights (i.e., observation of a phenomenon). Representations include building a physical model of the Earth/Moon system to depict the Moon phases by interpreting shadows on styrofoam balls cast by a "light source", and the use of various sizes of spherical objects intended to represent Earth and Moon.

The students engage in modeling and constructing explanations as they do each hands-on activity. They engage in explaining as they complete their journals. Each component of the lesson meets the DCIs listed above relating to movement of objects in the Solar System. The Earth/Moon activity addresses the CC for Scale, Proportion, and Quantity, while the Moon Phases addresses the CC for System Models.

The lesson does not include activities that address engineering design.
	The phenomena provided are sufficient, but the lesson would benefit by inclusion of interactive digital simulations that show a more accurate model of Moon phases and will let students explore the proportional relationships of diameter and volume in a game-like environment (e.g., links in Alignment boxes above).

The only suggestion, again, is to embed the two recommended computer simulations.

This lesson is only intended as a 3-day mini-module. As such, there really is not time to incorporate a design component and cover the core content.


	Develops deeper understanding of the practices, disciplinary core ideas, and crosscutting concepts by identifying and building on students’ prior knowledge.
	One weakness of the lesson is that it lacks support for teachers in how to effectively elicit prior knowledge about a topic that is frequently grossly misunderstood. The teacher's guide cautions teachers to "be aware of possible misconceptions", but does not specify what they are.

	Moon phases and proportional relationships in size among celestial objects are both very challenging concepts for students, primarily because the underlying science may seem counter-intuitive to the student. Lessons addressing this content require elicitation of prior knowledge to accomplish two things:

1. Get the misconceptions out in the open so teachers can gauge students' level of understanding.
2. Allow students to construct a context for their own learning, to be revisited after they have experimented and modeled.

The lesson needs to incorporate warm-up questions (i.e., with tips on responses to be expected and guidance on how to recognize misconceptions). This could be an easy fix.

	Uses scientifically accurate and grade-appropriate scientific information, phenomena, and representations to support students’ three-dimensional learning.
	The scientific information is presented accurately, but the representations may serve to confuse students about size difference between Earth/Moon and the scale of the Earth/Sun/Moon systems as related to Moon phase.
	Suggest embedding the two recommended computer simulations, as mentioned above.


	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.
	After each activity, students write in journals about their experiences, findings, and ideas. They then discuss these ideas in learning groups to share information and cooperatively clarify areas of confusion.
	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 lesson does not include a connection to home or community.

The lesson provides very little support for students in the core content other than the "5-question Survey".

If I were teaching this lesson, I would expect that about 25% of the students just wouldn't get the ideas in a meaningful way. Part of them will not be able to do the proportional reasoning required of the Earth/Moon activity; part won't be able to really visualize Moon phases by doing the Moon Phase physical modeling with the lamp and styrofoam balls. I would have to introduce non-numerical ways for students to grasp the Earth/Moon concepts (which can be explored in the PhET Estimation simulation). 

Extension activities are not provided in an easily-accessible way.
	The short length of the lesson is not truly conducive to a cultural or community connection, although this sort of connecting is always desirable.

As mentioned above, it is quite desirable for lessons to include reading excerpts on the scientific or technical content, appropriately written for the target grade level. In this case, there is no background information at all. To be most effective, the lesson could include a brief reading excerpt for typical learners and a modified reading excerpt with voice narration for students with reading disabilities, visual impairment, or ELL.

It might strengthen the lesson would to provide ways other than the physical model for students who don't connect the shaded Styrofoam balls with changes in the Moon's appearance. For this, the digital simulations would provide an alternate way for students to understand the bigger picture through a more accurate representation of the interactions going on. This can be explored in the computer simulation "Phases of Moon Model", linked above.

Although the lesson contains a link to "Additional Resources", two of these resources are items for sale and the rest are home pages for large collections. This will not be of great value to an educator who needs extension activities right now to modify curriculum for gifted/talented learners.





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.
	The lesson was written in the 90's, well before the NGSS was even conceived. Therefore, it does not contain guidance for teach teachers in blending the 3 components of the NGSS.
	It would be easy to embed a paragraph that explains how this mini-module supports all three components of the NGSS.





Summary of Observations and Suggestions for Improvement:

Moon phases and proportional relationships in size among celestial objects are both very challenging concepts for students, primarily because the underlying science may seem counterintuitive to the student. Lessons addressing this content require elicitation of prior knowledge to accomplish two things: 


1. Get the misconceptions out in the open so teachers can gauge students' level of understanding.
2. Allow students to construct a context for their own learning, to be revisited after they have experimented and modeled. Specifically, the lesson needs to incorporate warm-up questions (i.e., with tips on responses to be expected and guidance on how to recognize misconceptions). In addition, the lesson needs to be revised to incorporate the following content:

1.  Short reading excerpts written at the middle school level to provide background information for students.
2. A modified version of the reading excerpt, written at a less challenging reading level and with voice narration, to accommodate students with reading disabilities, ELL, and visual impairments. 
3. Links to high-quality interactive digital simulations that will bolster the concepts being explored. Links have been provided in boxes above to two such resources.




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 lesson does not include assessment components other than the pre-assessment survey.

	To be considered fully aligned with NGSS, the lesson should include more than a pre-assessment survey. There should be formative assessment embedded throughout each day and a means to gauge student progress in a measurable way at the end of the 3-day duration.

	Elicits direct, observable evidence of students’ performance of practices connected with their understanding of core ideas and crosscutting concepts.
	The 5-question survey is a nice tool, but it does not do more than help teachers understand their students' present levels at the outset of the lesson.

	The teacher's guide states that teachers will be using "authentic assessment" to gauge progress, but doesn't spell out what this entails. In this lesson, students will be writing about their knowledge and comprehension in their science journals. But no rubric or scoring guidelines to help students know what was expected or to help teachers measure progress was found in the lesson. 

	Formative assessments of three-dimensional learning are embedded throughout the instruction.
	Again, the 5-Question Survey is more of a tool to gauge prior understanding, not really a formative assessment. The lesson lacks support in formative assessment.
	It could be fairly easy to embed links to assessment pieces for both the Earth/Moon activity and the Moon Phase activity.

	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 lesson does not include rubrics or scoring guidelines.


	Since so much of the learning seems to be assessed through the journaling, it will be important for students to have a rubric to fully understand what is expected of them. That brings up a sticky question: is it even appropriate to use journals to assess progress?  Opinions differ, but the pedagogical idea behind journaling is that students will have the opportunity to freely express ideas about their learning in a stream-of-consciousness format that will not be judged. If they know they're being "graded" on the journals, their flow of writing will become inhibited and may undermine the true purpose of keeping a journal. It might be better to have students construct a lab report notebook that conforms to specific rubric guidelines for this set of lessons. They would be responsible for recording observations, keeping notes, writing summaries, etc. These lab report booklets could be used very effectively for both formative assessment and as a summative means to assess progress at the end.

	Assessing student proficiency using methods, vocabulary, representations, and examples that are accessible and unbiased for all students.
	The lesson lacks background information and vocabulary support.

	Include front-loaded vocabulary support, embed reading excerpts as described above, and provide a modified reading excerpt with voice narration for students with reading disabilities, ELL, or visual impairment.



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 authors should be applauded for including the 5-Question Survey as pre-instruction assessment. It will help teachers gauge the level of student understand as the lesson begins. However, assessment is missing from the resource beyond this.
	See remarks in above boxes for suggestions on embedding additional formative and summative assessment.


	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 the lesson stands, the only component in which students truly demonstrate performance is when they do the measurements required in the Earth/Moon activity. For the Moon Phase activity, they are moving about in a circle as they watch shadows being cast on a styrofoam ball by a lamp, but this doesn't constitute a demonstration of performance.
	As suggested above, the authors could insert a formative assessment after each activity for students to write in lab books about their observations, what this led them to understand, and what questions remain in their minds.




Summary of Observations and Suggestions for Improvement:

The authors should be applauded for including the 5-Question Survey as pre-instruction assessment. It will help teachers gauge the level of student understand as the lesson begins. However, assessment is missing from the resource beyond this. To be considered fully aligned with NGSS, the lesson should include more than a pre-assessment survey. There should be formative assessment embedded throughout each day and a means to gauge student progress in a measurable way at the end of the 3-day duration.

Overall Summary Comments:

This set of 2 lessons plus the journaling activity, taken as a whole, meet the three dimensions of the NGSS. However, the lesson is lacking in instructional support necessary for being designated a true instructional unit. It's not quite evident of how the 3 components build on each other and there is also concern about whether the two hands-on activities will effectively promote deep understanding of the core concepts (Earth/Moon size and distance, Moon Phases). This can be addressed in the following ways: 

1. Background information for teachers to brush up on the content and understand how one concept leads to the next
2. Front-loaded vocabulary essential to content understanding and reading excerpts for students on the core concepts under study
3. More support for students to understand proportional relationships between Earth and Moon (follow link provided above to a related simulation)
4. More support for students to understand the complexity of the factors at play in Moon phase phenomena (see link provided above to a computational model for use alongside the hands-on activity)
5. [bookmark: _GoBack]Greater support for teachers in the elicitation of prior knowledge at the beginning of the lesson. This could be a set of questions constructed by the authors, with tips on how to field possible answers and steer students away from grossly incorrect conceptions.

