[bookmark: _GoBack]EQuIP Rubric for Lessons & Units: Science
Response Form

Grade Level of Lesson: MS-HS
Lesson/Unit Title: 166. Where Are the Distant Worlds

I. Alignment to the NGSS (Practices: #6, 8; DCI: MS-PS2.A.iii; MS-PS2.B.ii; HS-PS2.B.i; HS-PS4.A.i; HS-PS4.B.i; MS-ESS1.A.i; MS-ESS1.A.ii; HS-ESS1.A.ii; HS-ESS1.A.iii; HS-ESS1.B.i; Crosscutting Concepts: #1, 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.
	These lessons are part of a larger assembly of resources developed for the Year of the Solar System (YSS) outreach effort. This collection consists of the following resources: 

· Discovering New Worlds – This is a featured activity for astronomy groups on finding the Orion Nebula by using a star map. It also contains an activity called “What’s the Habitable Zone” that engages learners in analogic reasoning to visualize what is meant by the “habitable zone” around Sun-like stars. 
· Two Power Point presentations: “Kepler-The Search for Earth-Sized Planets” and “The Lives of Stars”
· The “Kepler Star Wheel”, which denotes 17 naked-eye stars brighter than Magnitude 5 with exoplanets discovered as of August 2012 (viewable with or without grid)
· Treasure Hunt – Includes three activities designed to help learners as they use telescopes to search for celestial objects that may be in phases of stellar or planetary formation
· Star Maps-Where Are The Distant Worlds? The Star Map is a celestial “map” that learners use for naked-eye observation to locate stars with known exoplanets. 
· Observer Cards – Beautiful image set of binary star systems, globular clusters, star nurseries, moon systems, red stars, nebulae, and more
· Planetary Postcards – striking set of images that provide information about planets orbiting stars outside our Solar System - their mass, orbital period, distance from their sun, and overlays comparing their orbital pathways to planets in our Solar System.

The following DCIs are addressed in this small collection of resources:

Middle School Physical Science: Motion and Forces
PS2.A.iii: All positions of objects and the directions of forces and motions must be described in an arbitrarily chosen reference frame and arbitrarily chosen units of size. In order to share information with other people, these choices must also be shared. (Solid alignment)
Astronomy education offers rich opportunities to deepen understanding of reference frames as kids come to realize they can’t visualize space only in 2D. A galaxy that looks like a giant egg from Earth telescopes might look like a fat line viewed “edge on”. In addition, these activities involve scales and units that most middle school kids have not encountered, but can understand with scaffolding. 
PS2.B.ii: Gravitational forces are always attractive. There is a gravitational force between any two masses, but it is very small except when one or both of the objects have large mass. (Solid alignment)
These learning resources will promote understanding of gravitation in a much broader context. Students in the middle grades are familiar with gravity as a force that makes things stay on the surface of the Earth. There are widely-held misconceptions among adolescents that gravity is a force that pulls downward. They don’t perceive gravity as an attractive force that depends on mass of the interacting objects and their distance apart. This idea can be explored quite well with a binary star system or (as this lesson offers) a glimpse of a giant planet orbiting both of its stars in a double-star system. 

High School: Physical Science-Motion and Forces
HS-PS2.B.i: Newton’s law of universal gravitation provides the mathematical model to describe and predict the effects of gravitational forces between distant objects. (Partial alignment)
This is listed as “partial alignment” because this set of resources offers only a small segment devoted to calculation or computation of gravitational components. 
High School: Physical Science-Waves
PS4.A.i: The wavelength and frequency of a wave are related to one another by the speed of travel of the wave, which depends on the type of wave and the medium through which it is passing. (Partial alignment)
Listed as “partial alignment” because the resource collection addresses frequency of various electromagnetic waves (particularly gamma ray and visible light) but does not delve into wave speed. 
PS4.B.i: Electromagnetic radiation (e.g. radio, microwaves, light) can be modeled as a wave of changing electric and magnetic fields or as particles called photons. The wave model is useful for explaining many features of electromagnetic radiation. (Solid alignment)
Investigating information about distant stars is a great way for students to gain deeper understanding of the electromagnetic spectrum and its varying frequencies as they occur throughout the universe. This resource limits itself to the Milky Way, which is appropriate for a pre-college venue. This collection offers phenomena in the form of images taken from NASA spacecraft. It also provides a substantial variety of representations, artist renderings, “star map” drawings, computer-enhanced images, and data sets. 

Middle School: Earth/Space Science-The Universe and Its Stars
MS-ESS1.A.i: Patterns of the apparent motion of the sun, the moon, and stars in the sky can be observed, described, predicted, and explained with models. (Partial alignment)
Listed as “partial alignment” because students will be engaging in observation of the actual phenomena, not looking at models. It is still a solid way to help students realize that scientific inquiry involves much more than experimentation, and that observational research is equally valuable.
MS-ESS1.A.ii: Earth and its solar system are part of the Milky Way Galaxy, which is one of many galaxies in the universe.
(Solid alignment)
This set of materials will serve to deepen understanding about our place in the universe and to interpret scale properties of objects in the Milky Way. 

High School: Earth/Space Science-The Universe and Its Stars
HS-ESS1.A.ii: The study of stars’ light spectra and brightness is used to identify compositional elements of stars, their movements, and their distances from Earth. (Solid alignment)
This particular DCI is covered nicely in this collection of lessons. It also meets a specific Performance Expectation, listed below –
Performance Expectation -- HS-ESS1-3: Communicate scientific ideas about the way stars, over their life cycle, produce elements.
HS-ESS1.A.iii: Other than the hydrogen and helium formed at the time of the Big Bang, nuclear fusion within stars produces all atomic nuclei lighter than and including iron, and the process releases electromagnetic energy. Heavier elements are produced when certain massive stars achieve a supernova stage and explode. (Solid alignment)
The “Kepler Mission Power Point” and the “Lives of Stars” Power Point both give great background on the life cycle of stars, particularly the end-stage cycle of red giants that produces supernovae. 
HS-ESS1.B.i: Kepler’s Laws describe common features of the motions of orbiting objects, including their elliptical paths around the sun. Orbits may change due to the gravitational effects from, or collisions with, other objects in the solar system. (Partial alignment)
The “Planetary Postcards”, a printable set of images, provides a robust way for students to see the orbital paths of planets orbiting stars in the Kepler Mission “Triangle Zone”. The exoplanet orbits are displayed as overlays atop the planetary orbits of our own Solar System, allowing students to see how greatly orbital motion can differ from one system to another. The alignment to this DCI is limited, however, because there is no direct introduction of Kepler’s Laws or the associated mathematics.

Crosscutting Concepts
Since this collection of activities spans both physical and space science, it’s optimal to address the concepts that cut across disciplines. These activities have done so, as detailed below:



Patterns
Grades 6-8: Patterns can be used to identify cause and effect relationships.
Grades 6-8: Patterns in rates of change and other numerical relationships can provide information about natural systems.
Grades 9-12: Different patterns may be observed at each of the scales at which a system is studied and can produce evidence for causality in explanations of phenomena.

Scale, Proportion, and Quantity
Grades 6-8: Proportional relationships (e.g. speed as the ratio of distance traveled to time taken) among different types of quantities provide information about the magnitude of properties and processes.
Grades 6-8: Phenomena that can be observed at one scale may not be observable at another scale.
Grades 9-12: Using the concept of orders of magnitude allows one to understand how a model at one scale relates to a model at another scale.
These resources provide excellent means for kids to explore scale properties and celestial distances; especially in the introductory warm-up activity for “Where Are The Distant Worlds?” that provides great imagery for comparisons.

Each component of this small collection addresses the Crosscutting Concept of Patterns. The hunt for exoplanets is, in great part, a task of observing patterns (both instantaneously and over time). In addition, this set of activities could be a remarkably strong way to promote understanding of the vast scale of our Milky Way galaxy. It contains several activities and Power Point support to engage students in thinking about distance and scale.

Science and Engineering Practices
Obtaining, Evaluating, and Communicating Information
Grades 6-8: Integrate qualitative scientific and technical information in written text with that contained in media and visual displays to clarify claims and findings.



Constructing Explanations:
Grades 9-12: Construct an explanation based on valid and reliable evidence obtained from a variety of sources 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.
	It is my understanding that the resources in this package were hand-selected to support learning about the search for distant planets (outside our Solar System) that could possibly meet conditions to support life. The resources were apparently culled from existing web materials available through the Night Sky website. 

It bears mentioning that the resources within this aggregated package are duplicated across web pages. This can cause great confusion for busy teachers, who may not have hours to figure out how everything fits together. In addition, the collection as a whole meets the DCIs listed in the left column. Individual items may not be able to effectively stand alone. Without reorganization, it will be difficult for teachers to see how the different web pages connect to align with the NGSS standards listed in the left column.

It’s also important to note that the intended audience would seem to be astronomy clubs catering to people who can attend after dark club meetings or have access to telescopes. For example, the Treasure Hunt activities can’t be done without telescopes, which are not typically part of a public school’s science equipment. Ask any K-8 teacher: it can be quite difficult to include night sky observations in a graded course of study because you have so little control. Will students do the observing accurately? Will they use tools correctly? Will they be allowed to be outdoors on colder nights? What if the phenomenon is best seen in the middle of the night? 

Having mentioned these caveats, the study of exoplanets in a “habitable zone” is inherently fascinating and deserves a place in K-12 curricula. Here is what I suggest:

1) Re-assemble the resources so they are accessed within one parent web page (perhaps “Discovering Distant Worlds” or a blend of titles)
2) Prominently display the DCIs so that teachers can show their administrators the activities fit within a standard curriculum.
3) Organize the resources into two grade bands: Grades 6-8 and Grades 9-12
4) Provide one distinct link to instructor’s background information, rather than having this incorporated in three separate places
5) Consider authoring background information at a lower reading level to accommodate middle school learners and high school students who are struggling readers (could be the same text). Remember that astronomy is often given little time (or not covered at all) in K-12 classrooms, and is most likely not discussed in depth within secondary textbook materials. If you don’t provide this text background, the teacher will be forced to go digging for it…..meaning it may not make the cut for classroom use. 
6) Remove “Treasure Hunt” from the core activities and list it as an “Extension”. It requires telescopes and night sky viewing.
7) Create assessment pieces with answer keys.
8) Offer a Teacher’s Guide for the entire package that will help teachers see the block of activities at a glance so they can understand how the lessons build on each other. 
9) Consider incorporating two additional activities (one for middle school and one for high school) that integrate mathematics into the lessons. There are several such activities in the YSS website, and this would make a more robust package. For middle school, the math could involve gravitational attraction. For high school, consider integrating Kepler’s Laws in authentic problem scenarios.
.




Summary of Observations and Suggestions for Improvement:

The study of exoplanets is inherently fascinating and deserves a place in secondary school curricula. Sadly, space exploration is often overlooked in a traditional course of study for both Earth Science and Physical Science. The resources in this small collection could provide a remarkably engaging and delightful way for students to build understanding of our “place in the universe”, a key objective of the Next Generation Science Standards for Earth/Space science. They also take a deep dive into scale properties and celestial distances, all within the context of authentic scenarios. However, as the collection is currently packaged, it is disorganized. If these fine resources are to be candidates for an NGSS collection, they need to be reorganized. Otherwise, teachers will be continuously frustrated trying to figure out which Power Point goes with what activity and which resources are appropriate for which grade levels. Busy teachers need classroom-ready, turn-key resources. They prefer resources to be in a lesson plan format, with objectives and standards prominently displayed at the top. They don’t have time to rewrite resources to help struggling readers or to construct background information if it isn’t provided by the resource author. For middle school teachers, cost is a huge issue, meaning a lesson requiring telescopes will not be feasible. It’s also important to note that the intended audience for this particular set of resources would seem to be astronomy clubs catering to people who can attend after dark club meetings or have access to telescopes. For example, the Treasure Hunt activities can’t be done without telescopes, which are not typically part of a public school’s science equipment. Ask any K-8 teacher: it can be quite difficult to include night sky observations in a graded course of study because you have so little control. Will students do the observing accurately? Will they use tools correctly? Will they be allowed to be outdoors on colder nights? What if the phenomenon is best seen in the middle of the night? To guide the authors in re-organizing this resource set, here are my suggestions:


1) Re-assemble the resources so they are accessed within one parent web page (perhaps “Discovering Distant Worlds” or a blend of titles)
2) Prominently display the DCIs so that teachers can show their administrators the activities fit within a standard curriculum.
3) Organize the resources into two grade bands: Grades 6-8 and Grades 9-12
4) Provide one distinct link to instructor’s background information, rather than having this incorporated in three separate places
5) Consider authoring background information at a lower reading level to accommodate middle school learners and high school students who are struggling readers (could be the same text). Remember that astronomy is often given little time (or not covered at all) in K-12 classrooms, and is most likely not discussed in depth within secondary textbook materials. If you don’t provide this text background, the teacher will be forced to go digging for it…..meaning it may not make the cut for classroom use. 
6) Remove “Treasure Hunt” from the core activities and list it as an “Extension”. It requires telescopes and night sky viewing.
7) Create assessment pieces with answer keys.
8) Offer a Teacher’s Guide for the entire package that will help teachers see the block of activities at a glance so they can understand how the lessons build on each other. 
9) Consider incorporating two additional activities (one for middle school and one for high school) that integrate mathematics into the lessons. There are several such activities in the YSS website, and this would make a more robust package. For middle school, the math could involve gravitational attraction. For high school, consider integrating Kepler’s Laws in authentic problem scenarios.



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 resource set provides learners with multiple ways to view celestial phenomena – Star Map, Planetary Postcards, Observer Cards, Power Point presentation on the Project Kepler search for exoplanets, and Power Point on the life of stars. While the Star Map and Kepler Star Wheel are models that represent locations of stars, they can be used to guide learners on viewing the phenomena in the night sky. The Treasure Hunt activity employs use of telescopes for viewing phenomena.

While this resource set addresses numerous DCIs and Crosscutting Concepts, it covers only two specific Science & Engineering Practices: Obtaining/Evaluating Information and Constructing Explanations.

Engineering design is not addressed in this resource.
	As mentioned above, it would be optimal if these resources were reorganized into a more coherent package. For example, the Power Point presentations are linked within each component, but do not specifically address each component. This will leave teachers wondering how things are connected and force them to spend more time organizing their lessons.

	Develops deeper understanding of the practices, disciplinary core ideas, and crosscutting concepts by identifying and building on students’ prior knowledge.
	These resources provide excellent means for kids to explore scale properties and celestial distances, especially activity “Where Are The Distant Worlds”, which provides great imagery for comparisons

Each component of this small collection addresses the Crosscutting Concept of Patterns. The hunt for exoplanets is, in great part, a task of observing patterns (both instantaneously and over time). In addition, this set of activities could be a remarkably strong way to promote understanding of the vast scale of our Milky Way galaxy. It contains several activities and Power Point support to engage students in thinking about distance and scale.
	The resource could be stronger if it incorporated more mathematics, which could be done seamlessly (as described in the Suggestions column under “Alignment”)

	Uses scientifically accurate and grade-appropriate scientific information, phenomena, and representations to support students’ three-dimensional learning.
	Information is scientifically accurate and the representations will greatly enhance understanding of star/planet systems, scale, cosmic distance, and DCIs relating to the Milky Way galaxy. 
	Some of the resources are more appropriate for middle grades, while some will work more effectively at the high school level. The package should be broken down into two grade bands.

	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.
	Actually, no. Instructional support is lacking for elicitation of prior knowledge or expression of student ideas. 
	Since these resources were (apparently) intended for use in astronomy clubs, it’s understandable that they don’t include all the components of a true lesson plan. But if they are to be part of an NGSS collection, the resource must contain more than just warm-up questions. It should provide tips for eliciting prior knowledge, a list of commonly-held misconceptions, formative assessment, and meaningful opportunity for students to represent and express ideas in ways that teachers can assess understanding.

	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 resource does not provide ways to differentiate the curriculum. However, the Treasure Hunt activity could be used as a nice extension.
	As mentioned above, an NGSS collection will provide at least modest attempts at support for differentiated instruction. This is a smaller mini-unit, so it’s not necessary to develop accommodations for every conceivable learning style or disability. However, it IS necessary to provide front-loaded vocabularies and student background information that is written at a developmentally appropriate level. 




Summary of Observations and Suggestions for Improvement:

As it is currently packaged, this resource set does not provide sufficient instructional support to be approved for an NGSS collection. This can be fixed. Since these resources were (apparently) intended for use in astronomy clubs, it’s understandable that they don’t include all the components of a true lesson plan. But if they are to be part of an NGSS collection, they have to provide more than just warm-up questions. The authors could add the following sections: tips for eliciting prior knowledge, a list of commonly-held misconceptions, formative assessment ideas, and writing or speaking exercises for students to represent and express ideas in ways that teachers can assess understanding. In addition, an NGSS collection will provide at least modest attempts at support for differentiated instruction. This is a smaller mini-unit, so it’s not necessary to develop accommodations for every conceivable learning style or disability. However, it IS necessary to provide front-loaded vocabularies and student background information that is written at a developmentally appropriate level. 




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 not provided.
	See Summary below

	Elicits direct, observable evidence of students’ performance of practices connected with their understanding of core ideas and crosscutting concepts.
	Assessments are not provided

	None.

	Formative assessments of three-dimensional learning are embedded throughout the instruction.
	Not provided
	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.
	Not provided
	None.

	Assessing student proficiency using methods, vocabulary, representations, and examples that are accessible and unbiased for all students.
	Not provided
	None.






Summary of Observations and Suggestions for Improvement:

To be considered for inclusion in an NGSS collection, a resource must contain some sort of assessment component. For this particular set of materials, I suggest:
· Front-loaded vocabularies, differentiated by grade band (middle school, high school). This could be provided in a link that could be used for other resource sets on the YSS database.
· Formative assessment piece to gauge student understanding of using the Star Map and/or Kepler Star Wheel (not a test, but rather, a means for students to demonstrate that they get it, while also providing teachers with a measurable means of assessing comprehension).
· Culminating performance assessment – could be a group presentation of stars found by using the Star Map, could be written exercises where students demonstrate understanding of celestial distance, location of the Kepler Triangle, relative locations and sizes of the exoplanets located thus far, a debate – “The Hunt for Exoplanets: Is It Worth Our Money?” 
· Math exercises that help kids connect Kepler’s Laws with the orbital pathways they are seeing in the Planetary Postcards.

Overall Summary Comments:

The study of exoplanets is inherently fascinating and deserves a place in secondary school curricula. Sadly, space exploration is often overlooked in a traditional course of study for both Earth Science and Physical Science. The resources in this small collection could provide a remarkably engaging and delightful way for students to build understanding of our “place in the universe”, a key objective of the Next Generation Science Standards for Earth/Space science. They also take a deep dive into scale properties and celestial distances, all within the context of authentic scenarios. However, as the collection is currently packaged, it is disorganized. If these fine resources are to be candidates for an NGSS collection, they need to be reorganized. Otherwise, teachers will be continuously frustrated trying to figure out which Power Point goes with what activity and which resources are appropriate for which grade levels. Busy teachers need classroom-ready, turn-key resources. They prefer resources to be in a lesson plan format, with objectives and standards prominently displayed at the top. As it is currently packaged, this resource set does not provide sufficient instructional support to be approved for an NGSS collection. This can be fixed. Since these resources were (apparently) intended for use in astronomy clubs, it’s understandable that they don’t include all the components of a true lesson plan. But if they are to be part of an NGSS collection, they have to provide more than just warm-up questions. The authors could add the following sections: tips for eliciting prior knowledge, a list of commonly-held misconceptions, formative assessment ideas, and writing or speaking exercises for students to represent and express ideas in ways that teachers can assess understanding. In addition, an NGSS collection will provide at least modest attempts at support for differentiated instruction. This is a smaller mini-unit, so it’s not necessary to develop accommodations for every conceivable learning style or disability. However, it IS necessary to provide front-loaded vocabularies and student background information that is written at a developmentally appropriate level. (See “Alignment” section for specific suggestions on reorganizing this resource into a more coherent package.)
