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Grade Level of Lesson: 8-10
Lesson/Unit Title: 57. Goldilocks and the Three Planets

I. Alignment to the NGSS: (Practices: #4, 5, 7; DCI: MS-PS4.A.i; MS-PS4.B.i; HS.ESS1.A.ii; Crosscutting Concepts: #1, 2, 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.
	The lesson introduces phenomena in the form of spectral lines generated from spectroscopic devices deployed on spacecraft. Students are looking at the same data a scientist sees when analyzing spectral lines from NASA missions to Venus and Mars. The lesson also guides students in critical discussions about what the data means. One component of the lesson asks students to construct equations to compare atmospheric CO2 levels among Earth, Venus, and Mars, .then develop relevant ratios that show these comparisons mathematically.

Disciplinary Core Idea ESS1.A.ii addresses using light spectra to identify compositional elements of stars. The lesson provides the task of interpreting patterns of spectral lines to learn about the chemical composition of planetary atmospheres. This is different from a star's emission spectra, but meets the same fundamental purpose.

Disciplinary Core Idea PS4.A.i addresses wavelength and frequency. Both are targeted in the Flash interactive activity in this lesson, and are used to help students make sense of spectral data.

Disciplinary Core Idea PS4.B.i addresses light absorption/reflection. This standard is less central to the lesson, but still covered in the interactive activity within an animation that shows how greenhouse gases are re-absorbed.




This lesson has a very strong alignment with the Crosscutting Concept "Patterns"; fairly strong alignment with Scale and Proportion and Structure and Function. The spectral data asks students to find patterns, and this is a key purpose of the lesson. It can be connected to Scale and Proportion through the interactive component that compares the scales of Venus, Earth, and Mars, and their relative distances from the Sun, though this connection is not as strong. It can also be connected to Structure and Function because kids will be exploring how each chemical element emits and absorbs light in a way that can be recorded and used to identify it.

Practices
1. Asking questions (for science) and defining problems (for engineering)
2. Developing and using models
3. Planning and carrying out investigations
4. Analyzing and interpreting data
5. Using mathematics and computational thinking
6. Constructing explanations (for science) and designing solutions (for engineering)
7. Engaging in argument from evidence
8. Obtaining, evaluating, and communication information
	Students cannot successfully complete this lesson without background preparation. This lesson is a logical follow-up for other lessons within Project Spectra. Students need explicit preparation in spectral lines, spectroscopic instruments, and a basic comprehension of wavelength as it applies to light. Since the lesson can be accessed as a stand-alone, it should clearly spell out the other lessons in Project Spectra that will provide the needed background ("Patterns and Fingerprints" and "Using Spectral Data to Explore Saturn and Titan").

Students need some basic understanding that all the chemical elements have characteristic wavelengths at which they emit or absorb light. Spectrometers separate light across the spectrum and show patterns. These patterns of light absorption/emission (called spectral lines) can be used as a sort of “fingerprint” of a chemical element. Without this background, will kids comprehend what they’re seeing? NASA has some really good resources to address this, like “Spectrometry Explained”  
http://www.pbslearningmedia.org/resource /npe11.sci.phys.energy.spectrometry/spectrometry-explained/





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.
	Astro-Venture Astronomy Educator Guide includes fourteen lessons divided into the following four units: 

1. Part 1: Unit Introduction Lessons,
2. Part 2: States of Matter,
3. Part 3: The Planetary Temperature System, and 
4. Part 4: Unit Conclusion and Evaluation.
	None.

	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.
	Astro-Venture is divided into the following five sections: 

1. Astronomy, 
2. Geology, 
3. Atmospheric Sciences,
4. Biology, and 
5.  Design a Planet.
	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.
	In lesson 14, students can write a proposal to convince the “World Science Foundation” that the star and planet they found is worthy of further study and exploration. They can include a description of how the planet meets astronomical requirements for habitability, additional requirements that must be met, the benefits of conducting this study and the type of further study they would recommend to determine if the planet meets these additional requirements.
	None.



Summary of Observations and Suggestions for Improvement:

This lesson is well-designed and incorporates many aspects of the NGSS.




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.
	In this set of lessons students begin as Junior Astronomers where they identify human needs for survival and complete the online Astronomy Training module to discover the astronomical conditions of our solar system that make Earth habitable to humans. When they have successfully completed their training, they earn their badge and are promoted to Senior Astronomer. They then engage in off-line Astronomy lessons to discover why we need the astronomical conditions identified in Astronomy Training. Finally, they proceed to their online Astronomy Mission where they work with NASA scientists to find a star system and planet with the astronomy features that will support human life. Before embarking on further research in other areas, they must summarize their research findings and convince the World Science Foundation (i.e., a fictional group made up of their peers) that the planet they have found is worthy of further exploration.

Through this set of lessons, students will engage in the following activities: 

1.	Research and list the necessities for human survival in their Astro journals,
2.	Make descriptive, unbiased observations of the effects of changes to our solar system on Earth, 
3.	 Will explain the solar system as a system, 
4.	 Explain how gravity affects the solar system, 
5.	 Explain how the star type and the distance of a planet from its star affects the planetary temperature system,
6.	Explain and illustrate that atmosphere can raise the temperature of a planet, 
7.	Explain how a planet’s orbit could be disrupted, 
8.	Explore the implications of such a disruption on the planetary temperature system and on human habitability, and 
9.	Use the scientific inquiry process to describe the methods scientists use to find a star system that has the astronomical conditions required for human habitability.
	None.

	Develops deeper understanding of the practices, disciplinary core ideas, and crosscutting concepts by identifying and building on students’ prior knowledge.
	This lesson identifies prerequisite knowledge and common misconceptions. The lesson alerts educators to these misconceptions and provides questions or suggestions on how these might be addressed. Additionally, supplemental resources and books are recommended to assist with building prior knowledge.
	None.

	Uses scientifically accurate and grade-appropriate scientific information, phenomena, and representations to support students’ three-dimensional learning.
	In this set of lessons, students complete the online Astronomy Training module to discover the astronomical conditions of our solar system that make Earth habitable to humans. They then engage in off-line Astronomy lessons to discover why we need the astronomical conditions identified in Astronomy Training. Finally, they proceed to their online Astronomy Mission where they work with NASA scientists to find a star system and planet with the astronomy features that will support human life.
	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.
	Does not meet criteria.
	Teacher directions could be more explicit in the recommendations for providing feedback to students.


	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 lesson makes content accessible to all student populations by providing suggestions for accommodations for students who might benefit from modifications and Advanced Extensions for students who can benefit from additional challenges. In addition, the lesson incorporates cooperative learning, hands-on activities, and total physical response activities to facilitate the learning of students who speak English as a second language and to address multiple learning styles.

Extension activities can easily be developed from the suggested resources provided in the Educator's Manual.

	None.





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.
	On page 13 of the Educator's Guide, a chart is provided that specifies how lessons build on each other through the unit.

	None.




Summary of Observations and Suggestions for Improvement:

Very little offered for improvement. Solid lessons with many components that address differentiated instructional practices and recommendations.




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.
	For the Design a Planet (Overall Assessment), once students have completed the first four sections, they will engage in the online, interactive, multimedia Design a Planet module. In this module students can design a simulated star system and planet that meets all human survival requirements in the areas of astronomy, geology, atmospheric sciences, and biology.
	None.

	Elicits direct, observable evidence of students’ performance of practices connected with their understanding of core ideas and crosscutting concepts.
	There are multiple opportunities throughout the lessons for teachers to observe student performance through the use of the tasks (i.e., outcome goals) for each of the 14 lessons.
	None.

	Formative assessments of three-dimensional learning are embedded throughout the instruction.
	Does not meet criteria.
	Embedding and using formative assessments is one area of this unit could improve.

	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.
	Almost all of the assignments in Astro-Venture have a rubric for evaluation. Generally, these rubrics are included directly on the assignment sheets so that students know what they are expected to do.
	None.

	Assessing student proficiency using methods, vocabulary, representations, and examples that are accessible and unbiased for all students.
	Almost all lessons include rubrics to assess proficiency and are accessible and unbiased for all students.

	None.





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 rubrics included in most lessons meet this requirement.
	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.
	The fourteen lessons are designed to offer students multiple avenues to demonstrate proficiency in the three dimensions of the NGSS.

	None.




Summary of Observations and Suggestions for Improvement:

The fourteen lesson unit is comprehensive and would be engaging to students. Indeed, the final lesson (i.e., lesson 14) serves as a unit assessment and also provides a performance task activity from the CCSS, along with rubrics for most lessons. Therefore, this unit needs only slight revision to enhance recommendations for teachers regarding formative assessment.


Overall Summary Comments:

This unit provides an engaging set of lessons that can offer students various opportunities to work across the three dimensions of the NGSS.
