EQuIP Rubric for Lessons & Units: Science
Response Form

Grade Level of Lesson: K-12
Lesson/Unit Title: 24-Design Challenge How Do You Keep Things Cool

I. Alignment to the NGSS (Practices: #1, 2, 3, 4, 5, 6; DCI: K-PS3.B.i; 1-PS4.B.ii; 1-PS4-3; K-2-ETS1.A.i; K-2-ETS1.A.ii; K-2-ETS1.B.i; K-2-ETS1.C.i; 4-PS3.A.ii; 4-PS3.B.ii; MS-PS4.B.i; 3-5-ETS1.A.i; 3-5-ETS1.B.i; 3-5-ETS1.C.i; MS-PS3.A.iii; MS-PS3.B.ii; MS-PS4.B.i; MS-PS4.B.ii; MS-ETS1.A.i; MS-ETS1.B.i; MS-ETS1.C.ii; HS-PS1.C.i; HS-PS3.B.ii; HS-PS3.B.iii; HS-PS3.B.iv; HS-PS3.B.v; HS-PS3.D.ii; HS-PS4.B.ii; HS-ETS1.B.i; HS-ETS1.C.i ; Crosscutting Concepts: #1, 3, 4, 5, 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 resource consists of a set of 12 detailed lessons and assessments for Grades K-12 on the topic of heat transfer/absorption in the context of engineering design and space exploration. Specifically, students will perform experiments, design solutions, and test/share their designs on how to stay cool in the sun and how to mitigate the effects of hot sunlight (both on Earth and on the Messenger spacecraft which is orbiting Mercury). It meets multiple NGSS DCIs, Practices, and Crosscutting Concepts, as well as Common Core Math standards. The learning objects are well-sequenced and each provide extensive content support for both teachers and learners. 

Disciplinary Core Ideas Covered:
Primary Grades – Physical Science
K-PS3.B.i: Sunlight warms Earth’s surface
Performance Expectation K-PS3-2: Use tools and materials to design and build a structure that will reduce the warming effect of sunlight on an area.

1-PS4.B.ii: Some materials allow light to pass through them; others allow only some light through and others block all the light and create a dark shadow on any surface beyond them, where the light cannot reach.

Performance Expectation 1-PS4-3: Plan and conduct investigations to determine the effect of placing objects made with different materials in the path of a beam of light.
Above DCIs are met in the activities “Cooler in the Shadows” and “Model Bear’s Neighborhood”.

Primary Grades – Engineering Design
K-2-ETS1.A.i: A situation that people want to change or create can be approached as a problem to be solved through engineering.
K-2-ETS1.A.ii: Asking questions, making observations, and gathering information are helpful in thinking about problems.
K-2-ETS1.B.i: Designs can be conveyed through sketches, drawings, or physical models. These representations are useful in communicating ideas for a problem’s solutions to other people.
K-2-ETS1.C.i: Because there is always more than one possible solution to a problem, it is useful to compare and test designs.
Above Engineering Design standards are met by the activity “What Will Keep My Lunchbox Cool?”

Upper Elementary: Physical Science
4-PS3.A.ii: Energy can be moved from place to place by moving objects or through sound, light, or electric currents (limited alignment).
4-PS3.B.ii: Light transfers energy from place to place.
MS-PS4.B.i: When light shines on an object, it is reflected, absorbed, or transmitted through the object, depending on the object’s material and the frequency (color) of the light. (Note: The NGSS does not contain standards on light/matter interactions for upper elementary. This is an area of gap, as many related concepts could be taught at this level.)
Above DCIs are met by the activity “Sensing Energy”.

Upper Elementary: Engineering Design
3-5-ETS1.A.i: Possible solutions to a problem are limited by available materials and resources (constraints). The success of a designed solution is determined by considering the desired features of a solution (criteria). Different proposals for solutions can be compared on the basis of how well each one meets the specified criteria or how well each takes the constraints into account. 
3-5-ETS1.B.i: Research on a problem should be carried out before beginning to design a solution. Testing a solution involves investigating how well it performs under a range of likely conditions.
3-5-ETS1.C.i: Different solutions need to be tested in order to determine which of them best solves the problem, given the criteria and the constraints.
The above Engineering Design standards are met by the activity “How Do You Keep Things From Getting Too Hot?”

Middle School: Physical Science-Energy
MS-PS3.A.iii: Temperature is a measure of the average kinetic energy of particles of matter. The relationship between the temperature and the total energy of a system depends on the types, states, and amounts of matter present.
MS-PS3.B.ii: The amount of energy transfer needed to change the temperature of a matter sample by a given amount depends on the nature of the matter, the size of the sample, and the environment.
Performance Expectations Met: MS-PS3-3: Apply scientific principles to design, construct, and test a device that either minimizes or maximizes thermal energy transfer.
The above DCIs are met by the activities “Keeping a Cube of Gelatin Cool” and “My Angle on Cooling”

Middle School: Physical Science-Waves
MS-PS4.B.i: When light shines on an object, it is reflected, absorbed, or transmitted through the object, depending on the object’s material and the frequency of the light.
MS-PS4.B.ii: The path that light travels can be traced as straight lines, except at surfaces between different transparent materials (e.g. glass)
Performance Expectation Met: MS-PS4-2 – Develop and use a model to describe that waves are reflected, absorbed, or transmitted through various materials.
The above DCIs are met by the activities: “Sensing the Invisible-The Herschel Experiment” and “My Angle in Cooling”.

Middle School: Engineering Design
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.
MS-ETS1.B.i: A solution needs to be tested and then modified on the basis of the test results in order to improve it.
MS-ETS1.C.ii: The iterative process of testing the most promising solutions and modifying what is proposed on the basis of the test results leads to greater refinement and ultimately to an optimal solution.
The above Engineering Design standards are met by the activities “Snow Goggles and Limiting Sunlight” and “Keeping a Cube of Gelatin Cool”.

High School: Physical Science – Nuclear Processes
HS-PS1.C.i: Nuclear processes, including fusion, fission, and radioactive decays of unstable nuclei, involve release or absorption of energy. The total number of neutrons plus protons does not change in any nuclear process.
The above DCI is met by the activity “Dangers of Radiation Exposure”.

High School: Physical Science – Energy
HS-PS3.B.ii: Energy cannot be created or destroyed, but it can be transported from one place to another and transferred between systems.
HS-PS3.B.iii: Mathematical expressions, which quantify how the stored energy in a system depends on its configuration…..allow the concept of conservation of energy to be used to predict and describe system behavior.
HS-PS3.B.iv: The availability of energy limits what can occur in any system.
HS-PS3.B.v: Uncontrolled systems always evolve toward more stable states – that is, toward more uniform energy distribution.
HS-PS3.D.ii: Solar cells are human-made devices that likewise capture the sun’s energy and produce electrical energy.
The above DCIs are met by the activities “Cooling with Sunshades”, “Star Power-Measuring the Solar Constant”, and “How to Keep Items Cool in Boiling Water”.

High School: Physical Science-Waves
HS-PS4.B.ii: When light or longer wavelength electromagnetic radiation is absorbed in matter, it is general converted into thermal energy (heat). Shorter wavelength electromagnetic radiation (ultraviolet, X-rays, gamma rays) can ionize atoms and cause damage to living cells.
The above DCI is met by the activity “Dangers of Radiation Exposure”.

High School: Engineering Design
HS-ETS1.B.i: When evaluating solutions, it is important to take into account a range of constraints, including cost, safety, reliability, and aesthetics, and to consider social, cultural, and environmental impacts.
HS-ETS1.C.i: Criteria may need to be broken down into simpler ones that can be approached systematically and decisions about the priority of certain criteria over others (trade-offs) may be needed.
The above Engineering Design standards are met by the activities “Cooling with Sunshades” and “How To Keep Items Cool in Boiling Water”.

NGSS Science & Engineering Practices
Asking Questions and Defining Problems
K-2: Define a simple problem that can be solved through the development of a new or improved object or tool.
3-5: Define a simple design problem that can be solved through the development of an object, tool, process, or system and includes several criteria for success and constraints of materials or cost.
MS: Define a design problem that can be solved through the development of an object, tool, process or system and includes multiple criteria and constraints, including scientific knowledge that may limit possible solutions.
HS: Analyze complex real-world problems by specifying criteria and constraints for successful solutions.
The Practice above is met by the following activities: “What Will Keep My Lunchbox Cool?”, “How Do You Keep Things from Getting Too Hot?”, “Keeping a Cube of Gelatin Cool”, and “How To Keep Items Cool in Boiling Water”.

Developing and Using Models
K-2: Develop a simple model to represent a proposed object

3-5: Develop model using an example to describe a scientific principle.
The Practice above is met by the following activities: “Model Bear’s Neighborhood”, and “How Do You Keep Things from Getting Too Hot?”

Planning and Carrying Out Investigations
K-2: Make observations to collect data that can be used to make comparisons
K-2: Plan and conduct an investigation collaboratively to produce data as the basis for evidence to answer a question.
3-5: Make observations and/or measurements to produce data to serve as the basis to test a design solution.
MS: Plan an investigation individually and collaboratively, identify independent/dependent variables and controls, what tools are needed to do the gathering, how measurements will be recorded, and how many data are needed to support a claim.
MS: Collect data to serve as the basis for evidence to test design solutions under a range of conditions.
HS: Plan and conduct an investigation to produce data to serve as the basis for evidence and consider limitations on the precision of data (e.g., number of trials, cost, risk, time) and refine the design accordingly.
The above Practice is met by the following activities: “What Will Keep My Lunchbox Cool?”, “Sensing Energy-Designing to Stay Cool”, “Cooler in the Shadows”, “How Do You Keep Things from Getting Too Hot?”, “Sensing the Invisible-The Herschel Experiment”, “Snow Goggles and Limiting Sunlight”, “Keeping a Cube of Gelatin Cool”, “Star Power-Measuring the Solar Constant”, “Cooling with Sunshades”, and “How to Keep Items Cool in Boiling Water”.

Analyzing and Interpreting Data:
K-2: Analyze data from tests of an object or tool to determine if it works as intended.
3-5: Represent data in tables and various graphical displays to reveal patterns that indicate relationships.
MS: Analyze and interpret data to determine similarities and differences in findings.

MS: Construct and interpret graphical displays of data to provide evidence for phenomena.
HS: Analyze data using tools, technologies, and/or models (e.g. computational, mathematical) in order to make valid and reliable scientific claims or determine an optimal design solution.
The Practice above is met by the following activities: “What Will Keep My Lunchbox Cool?”, “How Do You Keep Things from Getting Too Hot?”, “Snow Goggles and Limiting Sunlight”, “My Angle in Cooling”, “Keeping a Cube of Gelatin Cool”, “Cooling with Sunshades”, and “How To Keep Items Cool in Boiling Water.”

Designing Solutions
K-2: Use tools and materials provided to design and build a device that solves a specific problem.
K-2: Compare multiple solutions to a problem.
3-5: Apply scientific ideas to solve design problems.
3-5: Generate and compare multiple solutions to a problem based on how well they meet the criteria and constraints of the design solution.
MS: Undertake a design project, engaging in the design cycle, to construct and/or implement a solution that meets specific design criteria and constraints.
MS: Apply scientific ideas or principles to design an object, tool, process, or system.
HS: Apply scientific ideas to solve a design problem, taking into account possible unanticipated effects.
HS: Design, evaluate, and refine a solution to a complex real-world problem, based on scientific knowledge, student-generated sources of evidence, prioritized criteria, and tradeoff considerations. 
The Practice above is met by the following activities: “What Will Keep My Lunchbox Cool?”, “How Do You Keep Things from Getting Too Hot?”, “Keeping a Cube of Gelatin Cool”, and “How to Keep Items Cool in Boiling Water”.

Using Mathematics and Computational Thinking
3-5: Measure and graph quantities such as weight and temperature to address scientific and engineering questions and problems.
MS: Use mathematical representations to describe and/or support scientific conclusions and design solutions.
HS: Use mathematical and/or computational representations of design solutions to support explanations, support claims, and predict the effects of a design solution.
The Practice above is met by the following activities: “Sensing Energy-Designing to Stay Cool”, “Sensing the Invisible-The Herschel Experiment”, “Snow Goggles and Limiting Sunlight”, “My Angle on Cooling”, “Keeping a Cube of Gelatin Cool”, “Star Power-Measuring the Solar Constant”, “Dangers of Radiation Exposure”, “Cooling with Sunshades”, and “How To Keep Items Cool in Boiling Water”.

Crosscutting Concepts:
· Patterns
· Scale, Proportion, and Quantity
· Systems and System Models
· Energy and Matter
· Structure and Function
	The module meets an impressive array of NGSS standards for physical science and engineering design. It also brings rich opportunities to perform classroom investigations, use mathematical reasoning in analyzing data, and explore the iterative process of design (from initial concept through construction and testing of products to solve specific problems). It is an exceptionally strong educational resource, but could be stronger with inclusion of links to newer high-quality digital simulations of the physical processes being studied. Specifically, I’m referring to simulations of solar energy transfer, heat exchange, and state change. There are many such simulations available for free access from the PhET project and the Concord Consortium, to name only two. 






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 lessons are beautifully organized to provide a smooth, developmentally appropriate sequence for the study of solar heat transfer, heat as a science concept, conductors/ insulators, and properties of radiant energy. For the primary grades, students do very simple modeling, investigate light and shadow, and engage in designing a way to keep their lunch boxes cooler. For upper elementary, children begin to use graphs to represent data they collected in investigating properties of UV detection beads. They also do engage in iterative design and data analysis in building a model sunshade that could keep the Messenger spacecraft cool while it orbits around Mercury. For the middle grades, students do more sophisticated graphical representation as they design snow goggles to meet very specific constraints and criteria. They also extend their data analysis to interpret more complex data on the effects of distance and inclination between an object and a light source. Finally, they will design and test a material that will keep a cube of gelatin cool above a warm burner, an activity in which the concept of replicability is introduced. The activities for high school further extend the requirement for critical thinking, complex data analysis, and consideration of trade-offs in design projects. The activity “Measuring the Solar Constant” engages them in real data that requires advanced algebraic calculation. For their design project, “How To Keep Items Cool in Boiling Water”, students must do independent research on insulating materials, then work cooperatively to apply an iterative design process to test, evaluate, and retest their designs. Finally, they will ponder ethical considerations and trade-offs in the activity “Dangers of Radioactive Exposure”, in which they calculate their own annual exposure to radiation.
	One suggestion: The module contains exemplary background information for teachers. The background information for Grades 9-12 could also be successfully used as text support for high school students. It would be optimal if text support were also available for Grades 3-5 and middle school. The background information is written at a level that would be too high for students in this grade span, so that’s not an option. It bears mention that many, many school districts do not have science textbooks and rely on digital materials to support student instruction. It would be very helpful to provide text background appropriate for Grades 3-8 (it’s probably not necessary for Grades K-2).



	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.
	This module does a masterful job of integrating physical science and engineering. Each of the classroom investigations is tied specifically to a core idea within the Physical Science discipline, most notably within Energy and Waves. More importantly, the DCIs are applied to real-life situations in the investigations which give students a chance to do hands-on explorations and engage in the iterative design process. 
	None – Bravo!

	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.
	The appropriate answer would be yes and no. The module stays well within the grade-appropriate standards for mathematics as defined in the Math Common Core with one exception (see Suggestions for Improvement in right column). It also does not do enough to provide text support in the core content for Grades K-8.
	Math Common Core: This module stays well within the grade-appropriate standards for mathematics as defined in the Math Common Core, with one exception: the activity “Star Power-Power of Sunlight – Measuring the Solar Constant” may prove too difficult for most students of Grade 9-10. The typical student enrolled in 9th grade Physical Science will likely have trouble interpreting the complicated formulae and performing the required calculations without extensive intervention. 

ELA Common Core: The module provides excellent background information for teachers, which could double as text support in the core content for high school students. However, the background is written at a level far too high for students in upper elementary or middle school. Many K-8 school districts have inadequate or nonexistent science textbook materials and thus rely on digital resources to fill the gap. It would be optimal if this resource provided grade-appropriate text support for upper elementary and middle school students in the form of background information, historical context, and examples. 



Summary of Observations and Suggestions for Improvement:

This resource consists of a set of 12 detailed lessons and assessments for Grades K-12 on the topic of heat transfer/absorption in the context of engineering design and space exploration. Specifically, students will perform experiments, design solutions, and test/share their designs on how to stay cool in the sun and how to mitigate the effects of hot sunlight (both on Earth and on the Messenger spacecraft which is orbiting Mercury). It meets multiple NGSS DCIs, Practices, and Crosscutting Concepts, as well as Common Core Math standards. The learning objects are well-sequenced and each provide extensive content support for both teachers and learners. 

The module meets an impressive array of NGSS standards for physical science and engineering design. It also brings rich opportunities to perform classroom investigations, use mathematical reasoning in analyzing data, and explore the iterative process of design (from initial concept through construction and testing of products to solve specific problems). It is an exceptionally strong educational resource, but could be stronger with inclusion of links to newer high-quality digital simulations of the physical processes being studied. 



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 provides an excellent set of activities for exploring the “doing” of science and engineering, all within an overarching context of the Messenger space exploration project. Detailed evidence is listed below.

MULTIPLE PHENOMENA
The phenomena will be studied in this module:

Grades K-2:
1. Explore patterns of shadows in direct sun
2. Observe properties of shadows in different gradations of light

Grades 3-5:
1. Experiment with UV detection beads to detect unseen energy in UV light from the Sun.
2. Observe patterns of light absorption from both light and dark surfaces, reflective surfaces, and diffuse opaque surfaces.

Middle School:
1. Using a student-constructed observational device, observe evidence that there is radiation other than visible light being emitted from the Sun.
2. Use pictorial representations of the Electromagnetic Spectrum to gain understanding of different light frequencies.
3. View images of ways that ancient civilizations crafted technologies to protect them from harmful effects of bright sunlight.
4. Use common materials to visually show how the inclination of sunlight striking an object affects the intensity and diffusion of the light.

High School
1. Use commonly-acquired materials to show visually (via a thermometer) how objects with high insulative properties can reduce heat transfer.
2. View schematic drawings to explore how NASA scientists use insulation, reflection, and diffusion to prevent strong sunlight from melting the Messenger spacecraft near Mercury.
3. View and interpret cross-sectional drawings of the Sun

MULTIPLE PRACTICES
In this aspect, the MEMs modules are simply exceptional. Almost every NGSS Science and Engineering Practice is addressed at each grade band. There are two exceptions: 1) Though students create physical models, they are not given ample opportunity to explore interactive simulations or computer models of the physical processes under study (see Suggestions column), and 2) Students do not engage in the practice of Critical Argumentation. (This is not a flaw, but at the high school level it would be nice to see one exercise that promotes critical debate.)  For more information on the Practices covered by this module, see a complete listing under Alignment above.

INTEGRATION OF ENGINEERING STANDARDS
Again, the MEMs modules do an extraordinarily fine job of seamlessly integrating core content with engineering design. For each grade band, there are two investigations that incorporate design challenges and engineering problems as an engaging way for students to learn about heat transfer, temperature, and thermodynamics. It’s noteworthy that the engineering component is not an afterthought, as is the case with many “blended learning” lessons on the Internet. The MEMs modules truly represent best practices in delivering learning objects that mesh science and engineering in ways that we see in real labs where real scientists work on teams.
	The resource could be much stronger if it incorporated robust digital simulations of the physical processes under study. As mentioned above, there are now several very high-quality computational models that promote deep understanding of state/phase change, the science of heat transfer, heat and temperature, and light/matter interactions. Several of these models take a deep dive into the science as students set their own parameters to customize the model. While the MEMs modules are very, very good, they focus heavily on first-hand phenomena. In studying about heat and temperature, many students need to explore what’s going on at the molecular level to fully understand what’s happening at the macro scale.

	Develops deeper understanding of the practices, disciplinary core ideas, and crosscutting concepts by identifying and building on students’ prior knowledge.
	This module provides ample opportunity to probe prior student understanding, tease out misconceptions, and build on existing knowledge. Lessons at each grade band contain explicit tips for teachers on how to introduce the lesson, how to elicit prior conceptions, and how to build appropriately on prior knowledge without promoting misconception.
	None—very well done.

	Uses scientifically accurate and grade-appropriate scientific information, phenomena, and representations to support students’ three-dimensional learning.
	Answer to this question is “yes and no”. The module is very strong in providing ways for students to experience first-hand phenomena through inquiry and investigation. See suggestions in right column.
	The module would be stronger if it incorporated grade-appropriate content support for students in Grades K-8. The background information for teachers is quite comprehensive and exemplary, and these text segments could be used for high school students as well. It should be noted that many elementary and middle schools do not have science textbooks or share text materials across all classes. The key content of this module is rather specialized, and may not be covered effectively in traditional textbooks (especially concepts relating to space exploration). It would be appropriate for the authors to write supplementary text support for the grade bands 3-5 (upper elementary) and 6-8 (middle school).

	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 module does a great job of integrating activities where students at all levels can express their ideas both verbally and in writing; interpret data and draw conclusions from observation; respond to the feedback of peers in cooperative learning groups; and receive timely  feedback from their teachers. These opportunities are particularly strong in each of the Design Challenges: “What Will Keep My Lunchbox Cool?”, “How Do You Keep Things from Getting Hot?”, “How to Keep Gelatin from Melting”, and “How to Keep Items Cool in Boiling Water”.
	None – very well executed.

	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.
	This MEMs module does a uniquely exceptional job of providing means for curriculum differentiation. This is accomplished, in part, by the inquiry-based nature of the module in promoting first-hand experimentation and multisensory experiences. It is further accomplished by dedicated and explicit teaching tips for students who read below grade level and who struggle with the content. Indeed, students who cannot read at all will be able to benefit and participate in the Design Challenges and experiments. In addition, each of the 12 lessons provides meaningful opportunities for extending the learning. Kids identified as Gifted/Talented or who have high interest in the subject matter will find plenty of ways to pursue further learning through links or short extension lessons. There would be no reason any student would be bored during the course of this learning cycle. (Two suggestions: see right column.)
	Two suggestions: 

1.	As stated above, develop supporting text materials to provide background information for students in upper elementary and middle school. 
2.	Provide front-loaded vocabularies broken down for all lessons, rather than one Glossary for the entire module.





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.
	Concept-building information is done very effectively in lesson introductions and in the background information sections for teachers. Each lesson contains these components. 
	The module was written prior to publication of the NGSS. It might be useful to add a section that connects the covered Practices, DCIs and Crosscutting Concepts.




Summary of Observations and Suggestions for Improvement:

The MEMs modules provide effective and comprehensive instructional support in all areas of instruction: curriculum differentiation, integration of science and engineering, elicitation of ideas and misconceptions, set-up and preparation of investigations, detailed procedures (with photos) for conducting the classroom investigations, discussion questions, and extension activities for gifted/talented students. The background information for teachers is, indeed, so comprehensive that a teacher with very little prior knowledge of radiant energy transfer could read the materials and immediately teach the lesson. Each lesson is, essentially, turn-key and classroom-ready. Suggestions for improvement are few: incorporate front-loaded vocabularies for each lesson; provide text support for students in Grades 3-8 in the key content areas (conduction, radiation, convection, radiant energy transfer, light/matter interaction, thermal properties of matter). 




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.
	This particular module falls within the MEMs educational theme “Framing Pathways to Answers: The Scientific Process in Action”. As such, it strives to bring especially strong experiences in the practice of science to students. But it doesn’t stop there. The resource authors are to be commended on their efforts to include multi-faceted ways to assess student understanding of BOTH the practice of science and the underlying physical concepts being studied. The intersections of DCIs and Science & Engineering Practices are specifically stated above within “Alignments”. In addition, this module assesses student understanding of certain Crosscutting Concepts very effectively: Scale and Proportion (Middle School), Patterns (all grade levels), Systems (Middle School and High School), and Energy & Matter (all grade levels). 
	None – well done.

	Elicits direct, observable evidence of students’ performance of practices connected with their understanding of core ideas and crosscutting concepts.
	The following lessons contain assessments that directly gauge student understanding of Practices as connected to core ideas:

K-2
· “Cooler in the Shadows”
· “What Will Keep My Lunchbox Cool?”
· 
Grades 3-5:
· “Sensing Energy-UV Detection Beads”
· “How Do You Keep Things from Getting Too Hot?
· 
Middle School:
· “The Herschel Experiment”
· “Snow Goggles and Limiting Sunlight”
· “My Angle on Cooling”
· “Keeping a Cube of Gelatin Cool:
· 
High School:
· “Cooling with Sunshades”
· “Measuring the Solar Constant”
· “How To Keep Items Cool in Boiling Water”

The following lessons contain assessments that directly gauge student understanding of Crosscutting Concepts:

Patterns
· K-2: Cooler in the Shadows
· 3-5: Sensing Energy-UV Detection Beads
· MS: My Angle on Cooling
· HS: Measuring the Solar Constant
· 
Scale and Proportion
· 3-5: How Do You Keep Things from Getting Too Hot?
· HS: Cooling with Sunshades
· 
Systems and System Models
· 3-5: How Do You Keep Things from Getting Too Hot?
· MS: Snow Goggles
· MS: Keeping a Cube of Gelatin Cool
· HS: Cooling with Sunshades
· [bookmark: _GoBack]HS: How to Keep Items Cool in Boiling Water
· 
Energy and Matter
· K-2: What Will Keep My Lunchbox Cool?
· 3-5: UV Radiation Beads
· MS: My Angle on Cooling
· MS: The Herschel Experiment
· HS: Measuring the Solar Constant
· HS: Dangers of Radiation Exposure
	None – Bravo!


	Formative assessments of three-dimensional learning are embedded throughout the instruction.
	Formative assessment is embedded through each lesson in the form of warm-up dialog, pre-assessment questions, elicitation of prior notions, graphic organizers and data tables, and closing discussions. About half of the lessons also include printable student worksheets (with answers included) to guide the investigations and Design Challenge activities. 
	

	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.
	Rubrics with scoring guidelines are included at each grade level for the longer lessons (experiments and Design Challenges). The rubrics include both core content and science practices. 
	The module was developed prior to publication of the NGSS, so it might be useful to add a component to the scoring guidelines that addresses the Crosscutting Concepts. 

	Assessing student proficiency using methods, vocabulary, representations, and examples that are accessible and unbiased for all students.
	The module provides multiple opportunities for students to show evidence of their understanding in ways OTHER than language. They will be creating physical models, making drawings, engaging in group discussion to justify their designs, using mathematics to complete data tables, and interpret data gained through their own investigations and/or observations. 
	The worksheet assessments, which ask students to read questions and answer in writing, are quite good…..but could create great difficulty for struggling readers. Perhaps the authors could construct modified worksheets to accommodate students with reading or cognitive disabilities. It’s also possible that students with autism or communication disorders may not be able to engage fully in the cooperative learning activities. It would not be difficult to construct alternative assessments for these students, while keeping the assessment at the same cognitive level as that of their peers.





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.
	This MEMs module contains numerous formative and self-assessment opportunities that address both the DCIs and the Practices. It does not include summative assessments, but this is not a weakness. It’s not necessary that every unit we teach contain a “chapter test”. I have only one suggestion for improvement (see right column).
	The module was developed prior to publication of the NGSS, so it would be helpful to add metrics that assess student understanding of Crosscutting Concepts (which are nicely addressed in the module).

	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 within the Instructional Support section, this module very effectively assesses understanding of the DCIs in the context of performance of practices.
	None-well done.




Summary of Observations and Suggestions for Improvement:

This particular module falls within the MEMs educational theme “Framing Pathways to Answers: The Scientific Process in Action”. As such, it strives to bring especially strong experiences in the practice of science to students. But it doesn’t stop there. The resource authors are to be commended on their efforts to include multi-faceted ways to assess student understanding of BOTH the practice of science and the underlying physical concepts being studied. The intersections of DCIs and Science & Engineering Practices are specifically stated above within “Alignments”. In addition, this module assesses student understanding of certain Crosscutting Concepts very effectively: Scale and Proportion (Middle School), Patterns (all grade levels), Systems (Middle School and High School), and Energy & Matter (all grade levels). Teachers will be delighted by the depth of the printable worksheets, which require students to think deeply about the things they are investigating, participate in teams to justify their conclusions, and then commit those ideas to writing. Detailed answer keys are also provided for each assessment piece. Even the new or crossover teacher will be able to adequately assess student progress by using the assessments contained in the module.

Overall Summary Comments: 

This module does a masterful job of integrating physical science and engineering. Each of the classroom investigations is tied specifically to a core idea within the Physical Science discipline, most notably within Energy and Waves. More importantly, the DCIs are applied to real-life situations in the investigations which give students a chance to do hands-on explorations and engage in the iterative design process. The resource contains a set of 12 detailed lessons and assessments for Grades K-12 on the topic of heat transfer/absorption in the context of engineering design and space exploration. Specifically, students will perform experiments, design solutions, and test/share their designs on how to stay cool in the sun and how to mitigate the effects of hot sunlight (both on Earth and on the Messenger spacecraft which is orbiting Mercury). It meets multiple NGSS DCIs, Practices, and Crosscutting Concepts, as well as Common Core Math standards. The learning objects are well-sequenced and each provides extensive content support for both teachers and learners. The module provides effective and comprehensive instructional support in all areas of instruction: curriculum differentiation, integration of science and engineering, elicitation of ideas and misconceptions, set-up and preparation of investigations, detailed procedures (with photos) for conducting the classroom investigations, discussion questions, and extension activities for gifted/talented students. The background information for teachers is, indeed, so comprehensive that a teacher with very little prior knowledge of radiant energy transfer could read the materials and immediately teach the lesson. Each lesson is, essentially, turn-key and classroom-ready. 

My suggestions for improvement are few: The resource could be much stronger if it incorporated robust digital simulations of the physical processes under study. As mentioned above, there are now several very high-quality computational models that promote deep understanding of state/phase change, the science of heat transfer, heat and temperature, and light/matter interactions. Several of these models take a deep dive into the science as students set their own parameters to customize the model. While the MEMs modules are very, very good, they focus heavily on first-hand phenomena. In studying about heat and temperature, many students need to explore what’s going on at the molecular level to fully understand what’s happening at the macro scale. Second, I suggest adding front-loaded vocabularies for each lesson and providing text support for students in Grades 3-8 in the key content areas (conduction, radiation, convection, radiant energy transfer, light/matter interaction, thermal properties of matter). 


