EQuIP Rubric for Lessons & Units: Science
Response Form

Grade Level of Lesson: 5-12
Lesson/Unit Title: 97. Mission Design

I. Alignment to the NGSS: (Practices: #1, 2, 4, 5, 6, 7, 8; DCI: MS-PS2.A.iii; MS-PS2.B.ii; MS-PS4.C.i; MS-ESS2.B.i; MS-ESS1.B.i; Crosscutting Concepts: #1, 2)

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 unit provides opportunities to define design problems ("Explore a New World", ask scientific questions ("Plan a Mission"), analyze data ("Research Past Missions", "Analyze Aerial Photos of Geologic Landforms"), use and develop models ("Create a Model Planet", "Model a Fly-By", "Model An Orbiting Mission", "Model a Lander Mission"), engage in argument from evidence ("Understanding Extraterrestrial Landforms", "Geologic Mapping"), using mathematics and computational reasoning ("Geologic Mapping"), design solutions, ("Plan a Mission", "Budget and Risk Analysis", "Plan Your Mission's Equipment and Instrumentation"), and obtaining information ("Research Past Missions", "Research an Explorer").

MS-PS2.A.iii (Frames of Reference) is addressed specifically by the activity "Explore Spacecraft Trajectories", first done as a teacher demo, then as a student-created drawing. The standard is also supported by the activities "Model a Fly-By" and "Model an Orbiting Mission". 
MS-PS2.B.ii (gravitational forces) is addressed by the activity "Explore Spacecraft Trajectories" and by student background information on planning missions to land non-manned vehicles on other planets.
MS-PS4.C.i  (digitized signals transmit information) is addressed by the lesson "Remote Sensing", which goes into detail about the capabilities of satellites and non-manned landing vehicles to transmit images and data back to Earth.
MS-ESS2.B.i:  The 2nd lesson on Planning a Space Exploration introduces geologic maps of Earth to help students understand how past events (e.g., tectonism and volcanism) influenced the shape of the land and water. Students then use these maps to extend that understanding to geologic maps of other planets and moons.
MS-ESS1.B.i:  The entire unit reinforces the basic understanding of our Solar System, planets, moons, and asteroids.

Great set of lessons for promoting understanding of systems, initial conditions, inputs/outputs, and design considerations for systems. The  engineering design component of the unit helps kids see that real scientists and engineers usually model a system before they build the real thing. The third lesson (i.e., Remote Sensing) challenges students to recognize difficult patterns and compare those patterns with known phenomena (such as fault lines, impact cratering, and volcanic eruption).
	None.







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 unit is masterfully designed to take students from the point of "little prior knowledge" to the point of planning a space mission with budgetary constraints that conforms to specific criteria. Each step is a nice segue to the next step.

	Performance expectations may be unrealistic for the specified time allotted (i.e., 8-9 days). Within this time frame, students are expected to write two proposals, conduct two Internet studies on two topics, complete four sets of rather complex worksheets (one being 17 pages in length), build a model planet, and gain an understanding of geologic landforms and the principles of stratigraphic layering. It may simply too much. A paragraph is suggested to let teachers know that they may wish to pare down the research activities and shorten the worksheet or expand the unit to four weeks.

	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 lesson folds in all the following disciplines: Geology, Physics (orbital motion and gravity), Optics (spacecraft instrumentation), Mathematics (finding the slope of a line from geologic maps), Space Science (the Solar System), Earth Science (plate tectonics, erosion, volcanic eruption, impact cratering), History (past explorers and explorations), Economics (cost/benefit, budgetary constraints), Reading ("close" reading on each planet/moon in the Solar System and on how landforms develop), Researching (locating and citing credible resource material), and Writing (extended response and report writing).
	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.
	[bookmark: _GoBack]Common Core Math - addressed in the 3rd lesson, "Remote Sensing" in which students calculate slope of a line from geologic maps: 6.EE.6 Use variables to represent numbers and write expressions when solving a real-world or mathematical problem; understand that a variable can represent an unknown number, or, depending on the purpose at hand, any number in a specified set, and

8.EE.6 Use similar triangles to explain why the slope m is the same between any two distinct points on a non-vertical line in the coordinate plane; derive the equation y = mx for a line through the origin and the equation y = mx + b for a line intercepting the vertical axis at b.

Common Core ELA - Reading
RST.6-8.3 Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing technical tasks.
RST.9-10.1 Cite specific textual evidence to support analysis of science and technical texts, attending to the precise details of explanations or descriptions.
RST.6-8.9 Compare and contrast the information gained from experiments, simulations, video, or multimedia sources with that gained from reading a text on the same topic.

Common Core ELA - Writing
WHST.6-8.1 Write arguments focused on discipline-specific content.
WHST.6-8.2 Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments, or technical processes.
WHST.6-8.6 Use technology, including the Internet, to produce and publish writing and present the relationships between information and ideas clearly and efficiently.
WHST.6-8.7 Conduct short research projects to answer a question (including a self-generated question), drawing on several sources and generating additional related, focused questions that allow for multiple avenues of exploration.
WHST.6-8.8 Gather relevant information from multiple print and digital sources, using search terms effectively; assess the credibility and accuracy of each source; and quote or paraphrase the data and conclusions of others while avoiding plagiarism and following a standard format for citation.
WHST.6-8.9 Draw evidence from informational texts to support analysis, reflection, and research.
	The "Explorer Cards" in Lesson 1 scored a 53.58 on the Flesch-Kincaid Readability Index, equivalent to Grade 10. This is too high for an intended audience of middle schoolers. A rewrite is recommended.
The 3rd lesson in the unit, "Remote Sensing", introduces a huge amount of new vocabulary in a very short time (3 days). The Photogeologic Mapping activity may be too much for middle schoolers to absorb, as it introduces volcanism, tectonism, impact cratering, embayment, plus the four principles of stratigraphy (e.g., superposition, etc.). This would be too much even for an adult to absorb well in only 3 days, thus eliminate the segment on Stratigraphy.





Summary of Observations and Suggestions for Improvement:

This instructional unit is an exemplary cross-disciplinary resource. It is almost totally turn-key, requiring only that the teacher read the introductory materials. It has strong alignment with NGSS standards in engineering design, Science and Engineering Practices, and Crosscutting Concepts. In addition, it crosses the curriculum to meet standards within space science, physics (i.e., orbital motion and gravity), optics (instrumentation), economics, history, geology, reading ("close" reading of background information), research, and writing (extended response exercises and production of full reports). Overall, this is an exceptionally strong learning cycle. The only concern is that, for the middle grades, the sheer amount of information presented would be overwhelming for an 8-9 day period of time. Middle school class periods typically last from 40-45 minutes (less time than kids spend in high school or college classes). The complex nature of the assignments is also unrealistic: expecting children in this age group to complete two full research reports in 9 days is too much for the time span allotted for the unit.



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 the lesson's greatest strength: students build creative physical models in "Create a Model Planet". Yet the unit goes far beyond to the nuts and bolts of NASA missions. The students mimic authentic practices of NASA scientists when they study aerial photographs to analyze data from NASA explorations. They really get their feet wet when they plan and propose a "unique" exploration to another planet with three primary goals: 1) Meet space and budgetary constraints, 2) Explore something not previously explored, 3) Justify their proposal with a cost/benefit analysis and risk analysis.

The unit seamlessly blends the practices of Developing Models, Analyzing and Interpreting Data, Designing Solutions, Engaging in Argument From Evidence, Using Mathematics, and Obtaining Information with the DCIs above in physical science and earth/space science. In addition, the authors deftly interwove the "Nature of Science" standards that deal with the interdependence of science, engineering and technology (a facet often missing from lessons).

Engineering Design: Defining and Delimiting Engineering Problems
MS-ETS1.A.i The more precisely a design task’s criteria and constraints can be defined, the more likely it is that the designed solution will be successful. Specification of constraints includes consideration of scientific principles and other relevant knowledge that are likely to limit possible solutions.
This specific standard for Engineering Design is an integral component of the lesson, as students plan a mission to meet specific design criteria and budgetary constraints.
	None.


	Develops deeper understanding of the practices, disciplinary core ideas, and crosscutting concepts by identifying and building on students’ prior knowledge.
	The authors did a great job of providing scripted warm-up questions and related activities for each day of lessons. The questions are designed to elicit prior knowledge, while steering students to think about relevant content that they will be introduced to.
	None. 

	Uses scientifically accurate and grade-appropriate scientific information, phenomena, and representations to support students’ three-dimensional learning.
	The resource is exemplary in its scientific accuracy and introduction of phenomena in the form of photographs, geologic maps, and illustrations. The problem area (to be discussed in the space below) is that the background information for students is written at too high a reading level (Grade 10 as measured by the Flesch-Kincaid Readability Index tool). The worksheets are not a problem, and are written for a middle school audience, but the background reading will probably be too challenging for most middle school kids.
	The student "Explorer Cards" need to be rewritten to a middle school reading level.


	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 provides rich opportunities, as described:
Expression: student-created poster on an inspirational explorer, "Create a Model Planet", and "Choose a Planet"
Clarification: "Geologic Landforms in Aerial Photos", written proposal to NASA, question sets on Fly-By, Orbiting, and Landing missions.

Justification:  Final proposal with budget and risk analysis, pros/cons of mission types (fly-by, orbiting, landing, human-manned or unmanned), "Choose a Planet"
	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 unit as a whole provides opportunities for kids to think about how space exploration affects our everyday lives, our communities, and scientific enterprise in general. This is assessed in how they justify their missions in the final proposal.

A weakness of the unit is that it provides very little support for teachers in making modifications for students with special needs, reading disabilities, language barriers, or communication disorders. Indeed, the student background information is written at too high a level for the average middle school learner.

Even though the reading materials are a concern, the overall lesson provides scaffolding to students at all levels of capability in the basic content. It provides multisensory ways for students to be successful in mastering the core content, even if they are not strong readers. This includes student-created physical models, visualizing of planetary features with student-created "instruments", opportunities for students to select their own research topics related to things/people that inspire them personally, and a plethora of photographs and illustrations to enhance the text. Students who often struggle with a traditional curriculum can be expected to thrive with the activities presented in this unit.

The existing background text could easily be used for Gifted/Talented students. Additionally, the unit provides a remarkably comprehensive set of annotated links to resources for extending the learning.
	It would be important to rewrite the background information in the "Explorer Cards" and in the content information on geologic features. When doing the rewrite, it would be fairly easy to construct a 2nd set of "Explorer Cards" for ELL or students with special needs. It would be very easy to adapt the modeling activities to better include visually-impaired students. Along the same vein, it would be optimal if the background information were offered in a narrated version for visually-impaired and reading-disabled students.

A few of the links to lesson extensions are broken. Below are the one that truly need to be fixed or removed:
BBC Space Exploration Timeline
www.bbc.co.uk/science/space/exploration/missiontimeline/
Correct link:  http://news.bbc.co.uk/2/hi/science/nature/6996121.stm?ls

The Mariner’s Museum: Exploration through the Ages
ww2.mariner.org/exploration/index.php
Correct link:  http://www.marinersmuseum.org/education/age-exploration





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.
	Exceptionally well done. This question has been well addressed in previous answer boxes.

	None. 




Summary of Observations and Suggestions for Improvement:

This unit provides more instructional support than will be found in 99% of the educational resources on the web. Teachers will find scripted introductions and warm-up questions, teacher tips interspersed through the entire set of materials, and answer keys that also include areas of common misconception. All activities can be set up with minimal expense using commonly-available materials, and procedures are explicitly spelled out. The unit also includes extensive teacher background information beyond the Student Guide, amount to a full refresher on the core content.




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 supports teachers in assessing the Practices in these ways:

Student-created posters, "Create a Model Planet", "Choose A Planet", "Design a NASA Mission", and "Write a Proposal"
The lessons support the Crosscutting Concepts in these ways:
Patterns: Examination of real geologic maps and photos of stratigraphic processes, and "Predicting Spacecraft Trajectories"; Systems & System Models: "Design a NASA Mission" and "Create a Model Planet".

The DCIs are assessed through these specific activities and exercises:  poster or Power Point presentations on explorers, written NASA proposals, Predicting Spacecraft Trajectory drawings, model planets, worksheet on "Research Past Missions", student-created budgets, student-created equipment lists with justifications, verbal presentations-Planet To Explore, worksheet on "Geologic Landforms in Aerial Photos", worksheet on stratigraphy through "Geology of Planet Mercury", and "Reasoning to Support My Mission".
	None. 

	Elicits direct, observable evidence of students’ performance of practices connected with their understanding of core ideas and crosscutting concepts.
	As stated above, the DCIs are assessed through these specific activities and exercises:  poster or Power Point presentations on explorers, written NASA proposals, Predicting Spacecraft Trajectory drawings, model planets, worksheet on "Research Past Missions", student-created budgets, student-created equipment lists with justifications, verbal presentations-Planet To Explore, worksheet on "Geologic Landforms in Aerial Photos", worksheet on stratigraphy through "Geology of Planet Mercury", and "Reasoning to Support My Mission".
	None.


	Formative assessments of three-dimensional learning are embedded throughout the instruction.
	At each phase of the unit (all 9 days), the authors provide specific ways for teachers to elicit prior knowledge, assess student understanding of key new ideas, and provide opportunities for students to demonstrate their understanding through creative expression, written response, mathematics (budgeting and geologic map interpretation), and reflective writing.
	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.
	A 4-point rubric is included for each of the 3 lessons. Scoring guidelines are provided for each of the many assessments provided in the unit. All assessments are printable, with the answer key conveniently located at the end so there's no need for answer deletion from the printed materials.
	None. 

	Assessing student proficiency using methods, vocabulary, representations, and examples that are accessible and unbiased for all students.
	The worksheets are written at a grade level appropriate for the typical middle school student (Flesch-Kincaid Readability Index score of 64.51, corresponding to Grade 7). While this is fine for the student in the middle of the bell curve, the background information (Student "Explorer Cards") is written at Grade Level 10.
	The background information needs to be rewritten. The worksheets are at an appropriate reading level for the typical middle school student (Grade 7) but this may still be too high for students with disabilities or struggling readers.





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 lesson does not contain a pre-instruction inventory or a full summative assessment. I think this is not truly necessary. The assessments contained in the unit are well-constructed and appropriately sequenced. A full summative assessment (or closing test) would be redundant. The scripted warm-ups serve as a better introduction than a pre-instruction inventory.
	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 stated above, students demonstrate mastery in each of the 3 dimensions. Teacher feedback is provided for each activity:
Student-created posters, "Create a Model Planet", "Choose A Planet", "Design a NASA Mission", and "Write a Proposal"
The lessons support the Crosscutting Concepts in these ways:
Patterns: Examination of real geologic maps and photos of stratigraphic processes, and "Predicting Spacecraft Trajectories"; Systems & System Models: "Design a NASA Mission" and "Create a Model Planet". The DCIs are assessed through these specific activities and exercises:  poster or Power Point presentations on explorers, written NASA proposals, Predicting Spacecraft Trajectory drawings, model planets, worksheet on "Research Past Missions", student-created budgets, student-created equipment lists with justifications, verbal presentations-Planet To Explore, worksheet on "Geologic Landforms in Aerial Photos", worksheet on stratigraphy through "Geology of Planet Mercury", and "Reasoning to Support My Mission".
	None.





Summary of Observations and Suggestions for Improvement:

The list of assessment pieces within this unit is impressively complete. In fact, it's doubtful that teachers could even utilize all of them in a 9-day unit of study. Teachers will be delighted to realize that they will be creating no assessments of their own, their time can be spent teaching and watching their students grow.

Overall Summary Comments:

This resource is an exceptionally comprehensive unit for integrating Earth Science, Physics, Economics, Reading, Writing, and Space Exploration. By employing real data from NASA along with realistic engineering design goals, students will be learning about the Space Program, planets and moons in our Solar System, digital transmission of data, gravity, orbital motion, budgets, volcanism and tectonism, geologic landforms, and more. And it's all packaged in a way that is completely turn-key for the classroom teacher. The activities will prove to be highly engaging, fun, and thought-provoking for kids. The only concern is that perhaps there is too much material for middle school students to digest in the given time frame (8-9 days) and that the background information for students is written at too high a reading level
.

