EQuIP Rubric for Lessons & Units: Science
Response Form

Grade Level of Lesson: HS
Lesson/Unit Title: 132. Structure and Properties of Matter – Ion Propulsion Module

I. Alignment to the NGSS: (Practices: #2, 8; DCI: HS-PS1.A.i; HS-PS1.A.iii; HS-ESS1.C.ii; Crosscutting Concepts: #1, 6)

The lesson or unit aligns with the conceptual shifts of the NGSS:
	Criteria
	Specific Evidence From Materials Under Review
	Suggestions for Improvement

	Elements of the science and engineering practice(s), disciplinary core idea(s), and crosscutting concept(s), blend and work together to support students in three-dimensional learning to make sense of phenomena or design solutions.

· Provides opportunities to use specific elements of the practice(s) to make sense of the phenomena or design solutions.
· Provides opportunities to construct and use specific elements of the disciplinary core idea(s) to make sense of phenomena or design solutions.
· Provides opportunities to construct and use specific elements of the crosscutting concept(s) to make sense of phenomena or design solutions.
	This 3-day mini-unit is a simulation-based experience for high school students. It initiates with a text-based tutorial and Power Point presentations to provide background on difficult concepts such as charge interaction at the atomic scale. As students gain understanding of ion propulsion, they will use models to visualize the nanoscale interactions and to understand the structure of an ion propulsion engine. The first model is a simulation that explores charge interaction through simple placements of a test charge, a positive or negative charge within a nearby field, and a "target" to shoot at with the test charge. In the culminating activity "Ion Propulsion Engine Simulation" students apply their learning to design a model ion propulsion engine. In addition to computer modeling activities, students engage in meaningful activities to obtain and communicate information. The lesson is quite unique in its inclusion of the "Relative Motion RAFT Writing Activity", in which kids describe the relative motion of an object within a local frame of reference, but have the freedom to choose the role, audience, and format. For example, they may choose to write a comic strip on the xenon atom or create a travel brochure for taking a trip on a spacecraft using an ion propulsion engine. Even the worksheets in this mini-unit promote deeper reasoning skills than most blue-plate Q&A sets. The background reading is also provided in an engaging and entertaining way; for example, the "Ion Propulsion" reading segment was written as a dialog.

DCIs: This mini-unit has solid intersection with the NGSS Disciplinary Core Ideas. Evidence below:

HS-PS1.A.i (atomic structure): This DCI is directly supported by the Power Point "Trip of One Xenon Atom Through an Ion Engine" and indirectly supported by the Ion propulsion Engine Simulation.

HS-PS1.A.iii (electrical forces within and between atoms) and HS-PS2.A.iii (charge interactions at the atomic scale). These two DCIs are particularly well-supported in the background reading on charge interactions and attractive/repulsive forces. The Power Point titled "The Trip of One Xenon Atom Through an Ion Engine" also supports this DCI. It’s further supported in the interactive simulations "Positive and Negative Charges" and "Ion Propulsion Engine Simulation".

HS-PS3.B.iv (availability of energy) This DCI is met through the activity "Pushing with Plasma" and the Power Point presentation "How Do We Get There?" It is also addressed to some extent in the reading segment "Ion Propulsion Story". This is only a partial alignment, as the lesson does not introduce mathematical representations using the Work/Energy Theorem or energy diagrams.

HS-ESS1.B.i: (Kepler's Laws) This DCI is met with the reading segments "Pushing with Plasma", but is only a partial alignment because it introduces little of the math associated with Kepler's Laws.
 
MS-PS2.A.iii (frames of reference): NOTE** The NGSS deals with reference frames only in middle school standards, which may be a weakness of the standards themselves. High School students also experience documented difficulty in establishing and understanding frames of reference, especially relating to atomic-scale interactions. This lesson is particularly effective at tackling reference frames, which are supported by a complete reading segment, a creative writing assignment (Relative Motion RAFT Writing Activity).

Crosscutting Concepts: CC #2 (Cause and Effect-Mechanism and Explanation): Students are provided with rich multimedia and engaging (yes, I said "engaging") background text to understand ion propulsion as a concept and as an application in engines for spacecraft. This Crosscutting Concept is met through the following components of the mini-unit: "How Do We Get There", student readings "Pushing With Plasma" and "A Trip Through an Ion Propulsion Engine", and by the "Ion Propulsion Engine" simulation.

CC #4 (Systems and System Models) is VERY effectively addressed in this unit. Tutorials on the ion propulsion engine are well written and illustrated, and the Power Point Presentation "How Do We Get There" provides an excellent overview of the intricate interactions among the system components. Finally, the "Ion Propulsion Engine Simulation" lets students explore system modeling themselves. They will take away a much deeper sense of how scientists and engineers work together to develop models prior to designing solutions.

CC #6: (Structure and Function) -- The unit also does a remarkably thorough job of helping students visualize what's going on at the atomic level. Without a solid grounding in charge interaction, kids simply cannot understand ion propulsion, its promise for space exploration, and its potential future application for alternative fuel systems on Earth. Specific lesson components that support this CC: "Ion Propulsion Story-Mapping History Frame", "Charges", "Attractive and Repulsive Forces", "The Trip of One Xenon Atom Through an Ion Engine", and the interactive simulation "Positive and Negative Charges."
	None -- it's impressive that a short (3-day) unit could meet so many DCIs effectively.
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Summary of Observations and Suggestions for Improvement:

For teachers with a rigid high school curriculum that may not include space exploration, this lesson could easily be justified. It meets 7 NGSS Disciplinary Core Ideas in content that crosses physical and space science. It introduces multisensory approaches designed to help students visualize difficult concepts, such as reference frames and electrical interactions at the atomic scale. Perhaps most important, it gives kids a meaningful context to understand charge and conservation of charge -- the Dawn Project's use of ion propulsion technology to power a spacecraft to the dwarf planet Ceres. The use of simulations is well-sequenced within the lesson and provides ways to apply these abstract concepts. The lesson even contains Star Trek video excerpts relating to ion propulsion (a pivotal inspiration, by the way, for NASA's chief engineer of the Dawn Project).

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.
	Although a short mini-unit, the lesson provides multiple phenomena in the form of NASA images and short NASA video clips. Most importantly for exploration of nanoscale interactions, it contains rich representations: Power Point presentations with diagrams, cross-sectional drawings of the ion propulsion engine, detailed drawings of one xenon atom traveling through an ion engine, force diagrams of the ionization process, an animated simulation of positive/negative charge interactions, and the Ion Propulsion Engine simulation.

This mini-unit deftly blends 6 DCIs in physical science, 1 DCI in earth science, two Science and Engineering Practices (Modeling, Communicating Information), and 3 Crosscutting Concepts (Cause & Effect, System Models, and Structure/Function). It does so with a uniquely creative assembly of engaging tutorials, challenging student tasks relating to ion propulsion and motion of the xenon atom, interactive simulation, creation of a model ion propulsion engine, and an extended writing activity in which all three dimensions of the NGSS are integrated to produce a finished written product for a specific audience.

This lesson aligns well with an NGSS Engineering Design standard: HS-ETS1-4 Use a computer simulation to model the impact of proposed solutions to a complex real-world problem with numerous criteria and constraints on interactions within and between systems relevant to the problem. This standard is met when students engage in the culminating activity to customize a computer model to create their own ion propulsion engine. They will be required to set initial conditions and boundaries (which intersects with Crosscutting Concepts for System Models) and determine the amount of plate charge that will produce the greatest thrust for the engine. They must work within a set of space constraints while still designing the engine for optimal performance.

	None -- very well crafted.







None.










None.

	Develops deeper understanding of the practices, disciplinary core ideas, and crosscutting concepts by identifying and building on students’ prior knowledge.
	The Teachers Guides, easily accessed from the primary website for the unit, contain suggested questions for establishing a purpose for the lesson and eliciting prior knowledge. There is a very short inventory to assess basic prior understanding of ion propulsion, and there are teaching tips throughout to tease out prior conceptions.
	None.


	Uses scientifically accurate and grade-appropriate scientific information, phenomena, and representations to support students’ three-dimensional learning.
	The lesson is exemplary in its scientific accuracy and appropriateness for the target demographic (high school students in introductory physics or chemistry). The content is delivered in a variety of media: if kids don't get it from the reading excerpt, the simulations and Power Points will provide greater scaffolding.
	None.




	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.
	This lesson provides many opportunities for student expression and interpretation: "Attractive and Repulsive Forces" activity, Relative Motion RAFT Writing activity, "A Trip Through an Ion Propulsion Engine" response activity, and a concept-mapping exercise where they define goals, key events, and outcomes based upon given background information. At each critical juncture of the lesson, students also interact in learning groups or in full-class discussion to provide their own feedback, justify their conclusions, and obtain instructor feedback.
	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.
	It's rare that I encounter a digital lesson that is almost totally turn-key. This is one of those lessons. The only element missing from this mini-unit is a connection to students' personal lives in their own communities.





Although the text tutorials are well-written and engaging, they won't meet the needs of ELL students or learners who read well below the high school level. Some students with reading disabilities will have the cognitive ability to digest the content of this lesson, but they will not be able to read the text without modifications.

Some of the concepts tackled in this lesson are highly abstract, such as the process of ionization and patterns that occur in charge interactions at the atomic scale. It's realistic to expect that some high school students will struggle with these concepts. With the advent of the NGSS, however, ALL students are expected to comprehend how electrical forces within and between atoms affect the structure and function of matter on the macroscale. This lesson is skewed toward the more talented high school student, which may be NASA's desire. If it's to be considered as appropriate for all high school students, however, it needs to provide additional support for electrical forces, gravity assist, properties of plasma, and fundamentals of charge.

The Teacher's Guides contain plentiful ideas for extension to learn more about plasma, charge interaction, solar power, and types of propulsion other than ion.
	This concern is minor; the overall lesson is simply excellent. But perhaps the authors could include a component that connects ion propulsion technology to everyday experiences on Earth. Would it be possible to consider ion engines for automobiles in the future?  Why or why not? What would be the costs/benefits of such technology and what would it take to retrofit cars for its use?

This has been a sticky wicket for most of the NASA resources I've evaluated: what to do about modifying text for students with reading disabilities or ELL?  It takes money and time to create modified text or voice-narrated versions of a lesson. This could be a worthy subject for an NSF grant.

Currently, the unit is appropriate for Grades 11-12 for students enrolled in chemistry or physics. If you want the lesson to be designated for a greater audience (Physics and Chemistry Prep courses, for example), it will need to incorporate additional content support for the students (see above box).


None.




Summary of Observations and Suggestions for Improvement:

For an introductory high school course in physics or chemistry, this mini-unit provides excellent instructional support. Teachers will find scripted warm-up ideas, elicitation questions, discussion questions to draw out misconceptions, and explicitly detailed procedures for every activity. There are a treasure trove of links to related materials for teachers to extend their own learning about the Dawn Project and its progress. Also included are an impressive array of assessment instruments with answer keys and scoring guidelines. All in all, the mini-unit is practically turn-key (all teachers need to do is read the Teacher's Guides and print the student hand-outs). It will require very little set-up time except to ensure that students have internet access for the simulations. Even without a full computer lab, the final simulation is available in Java and can be downloaded and launched on a classroom laptop.


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.
	There are assessment pieces for each of the three NGSS components: Science & Engineering Practices -- "Ion Propulsion Story Mapping History Frame", "Attractive and Repulsive Forces Student Q&A", "Attractive and Repulsive Forces" student reporting sheet, "Positive and Negative Charges" simulation, and "Ion Propulsion Engine Simulation".

DCIs -- "Attractive and Repulsive Forces Student Q&A", Pre-Instruction Inventory of Ionization and Ion Engine Technology, Relative Motion RAFT Writing Activity, and "The Trip of One Xenon Atom Through an Ion Engine", and "Positive and Negative Charges".

Crosscutting Concepts -- The Ion Propulsion Engine Simulation and the Relative Motion RAFT Writing Activity.
	None.





None.




None.

	Elicits direct, observable evidence of students’ performance of practices connected with their understanding of core ideas and crosscutting concepts.
	This answer should be "yes and no". The written activities provide direct, observable evidence of student performance, but the final simulation (model an ion propulsion engine) does not. This could be addressed (see below).

	It may be difficult for teachers to gauge whether students really "get it" unless they have some way to demonstrate mastery of the simulations. Within the first simulation (Positive and Negative Charges), the Teacher's Guide provides a very thorough set of questions for students to ponder as they work and provide responses upon completion of the activity. This sort of assessment should be extended to the final and culminating experience: "Design an Ion Engine".

	Formative assessments of three-dimensional learning are embedded throughout the instruction.
	A particular strength of this mini-unit is that it provides formative assessments at every step, embedded within every activity. What is lacking is a summative assessment for assessing students' full understanding of all components of the lesson as a whole.
	No suggestions for formative assessment -- well done.


	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.
	Several of the formative assessments contain scoring guidelines to assist teachers in gauging performance.
	None.
[bookmark: _GoBack]

	Assessing student proficiency using methods, vocabulary, representations, and examples that are accessible and unbiased for all students.
	As mentioned above, students with reading disabilities will have a harder time with this lesson.....even if they have the cognitive ability to comprehend the content. The same goes for English Language Learners (ELL).
	Consider including a set of modified student text tutorials for students who read below the high school level or ELL students.





Summary of Observations and Suggestions for Improvement:

Teachers will find it quite easy to introduce this unit in their physics or chemistry class without much set-up. At this level, students should be able to work through the tutorials at their own pace, do the written responses in learning groups, and perform the simulation tasks without extensive teacher intervention. The formative assessments are well-sequenced and appropriately paced so that students synthesize information and apply their learning. The lesson will require more scaffolding for Physics or Chemistry Prep courses, as students may struggle with the core content. The lesson doesn't provide modification for struggling learners or students with reading disabilities. The recommendation of this evaluator is that the lesson is appropriate for Grades 11-12, regular courses in High School Physics or High School Chemistry.


Overall Summary Comments:

For teachers with a rigid high school curriculum that may not include space exploration, this is an ideal lesson. It meets 7 NGSS Disciplinary Core Ideas in content that crosses physical and space science. It introduces multisensory approaches designed to help students visualize difficult concepts, such as reference frames and electrical interactions at the atomic scale. Perhaps most important, it gives kids a meaningful context to investigate a promising fuel technology. The Dawn Project itself is fascinating, and it's almost incomprehensible that the spacecraft can travel all the way to the Asteroid Belt with a tiny fuel tank. Ion propulsion technology will captivate student interest at the same time they are exploring complex core content. The use of simulations is well-sequenced within the lesson and provides ways to apply these abstract concepts. The lesson even contains Star Trek video excerpts relating to ion propulsion (a pivotal inspiration, by the way, for the chief engineer of the Dawn Project).

