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Grade Level of Lesson: 6-12
Lesson/Unit Title: 65. In the Footsteps of Galileo

I. Alignment to the NGSS: (Practices: #1, 2; DCI: MS-PS1.A.iii; MS-PS2.B.ii; MS-ESS1.A.i; MS-ESS1.B.i; Crosscutting Concepts: #1, 4)

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.
	In this lesson, students duplicate Galileo's historic observations of Jupiter's moons. Through image sets that carefully mimic the famed astronomer's observations, the students ask scientifically-framed questions to make sense of the "star spots" surrounding Jupiter. They plot the relative positions of each "star spot" to reveal a pattern of daily movements, culminating in a drawing that will clearly show a circular or somewhat elliptical path around Jupiter. It will take close observation to detect the pattern and interpretation to figure out that the "star spots" are actually moons that orbit the planet Jupiter.

The NGSS contains no solid middle school DCI for orbital motion, but that does not mean the concept shouldn't be taught, it should be part of any science curriculum for the middle grades. With reference to the DCIs which are explicitly addressed by the NGSS, the evidence is below:
MS-PS1.A.iii (frames of reference) - The lesson nicely weaves in images that show how a planet/moon system would appear as viewed from the reference frame of looking down with the North Pole at the top, the opposite view from underneath, and looking from the side. 

MS-PS2.B.ii (gravitational force is attractive) - This DCI is addressed, though not as strongly. It's not until the end of the lesson that the concept of gravitational attraction is introduced, and even then, only obliquely. For a lesson designed for one class period, this is perfectly acceptable.
	This is an excellent lesson for replicating an historic observation. Since its publication, though, our understanding of Jupiter has expanded through additional exploration. I strongly suggest a link to NASA's very polished Solar System Exploration for Kids page on Jupiter. It will provide up-to-date information on the planet including the most recent Juno mission, a "Jupiter Explorer" in 3D, the Giant Red Spot (and its documented recent shrinkage), simulations of Europa's surface, and cool facts written at a grade level appropriate for Grades 5-8. Here's the link:
http://solarsystem.nasa.gov/kids/index.cfm   (then click "Jupiter")









	Criteria
	Specific Evidence From Materials Under Review
	Suggestions for Improvement

	
	MS-ESS1.A.i: (Celestial patterns can be observed, described, and predicted with models) - This lesson provides an excellent way for kids to explore celestial observation from their desks in the classroom. The image sets are drawn from Galileo's original artist's renderings, giving them an authenticity that students will appreciate. As they investigate the four "spots" around Jupiter as seen by Galileo with his rudimentary telescope, they will be engaging in behaviors that real scientists do when they grapple with the unknown. 
MS-ESS1.B.i: (Arrangement of the Solar System) - The lesson reinforces the DCI that other planets in our Solar System have moons that orbit around them, held in orbit by gravitational pull.

This is an exemplary lesson for providing students a means to construct their own patterns from given sets of images. The self-constructed patterns will help kids form a deeper understanding of two things: 

1. Astronomical patterns can be detected by Earth-based telescopes and be quite accurate, and

2.  Historic astronomers made amazing discoveries with instruments we would now consider crude or rudimentary, by using their brains and their ingenuity.
	




Summary of Observations and Suggestions for Improvement:

This short lesson provides a powerful way to address all three components of the NGSS and it is cheap and simple to implement in the classroom. It goes beyond the NGSS standards to include relevant history of both Galileo and the telescope. The inquiry-based nature of the activity lets kids be detectives to figure out the same mystery that Galileo pondered 400 years ago:  "What are those weird spots around the Planet Jupiter?"  The activity itself is very well-supported, but kids would benefit from links to more current information on Jupiter (from recent explorations). The link below takes learners to NASA's Solar System Exploration-Kids home page. When there, click on Jupiter for a treasure trove of free interactive digital resources:
http://solarsystem.nasa.gov/kids/index.cfm

The lesson also provides solid support for understanding how a planet/moon system fits into a bigger picture of star/planet systems.


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 a very short lesson, but it provides only limited phenomena in the form of images. The Power Point presentation mentioned in the lesson is not available at the link provided in the lesson, though it can be accessed through the following link: http://www.astrosociety.org/edu/slooh/teachers.html

The lesson Does provide a link to a good video from PBS, but the link is broken. Here's the correct link:
http://www.pbslearningmedia.org/resource/ess05.sci.ess.eiu.galileomoon/galileo-discovering-jupiters-moons/

The lesson nicely integrates the practices of asking scientific questions and understanding systems with DCIs relating to planet/moon systems and gravitational attraction as a cause of planetary orbits.

The lesson fulfills its purpose as an inquiry-based activity for students to observe and interpret movement of celestial bodies (Jupiter and its moons) as seen through the lens of an early telescope such as Galileo's. It is not intended to be a lesson that incorporates engineering design.


	The following are suggestions to improve the lesson:

(1) correct the dead link to the related video and Power Point presentation (see box above for corrections)

(2) update information about Jupiter. Since the publication of this lesson, our understanding of Jupiter has expanded through additional exploration. Most notably, we have a much more vivid understanding of Jupiter's moons. Link to NASA's very polished Solar System Exploration for Kids page on Jupiter, it will provide up-to-date information on the planet including the most recent Juno mission, a "Jupiter Explorer" in 3D, the Giant Red Spot (and its documented recent shrinkage), simulations of Europa's surface, and cool facts written at a grade level appropriate for Grades 5-8. Here is the link:
http://solarsystem.nasa.gov/kids/index.cfm   (then click "Jupiter")

	Develops deeper understanding of the practices, disciplinary core ideas, and crosscutting concepts by identifying and building on students’ prior knowledge.
	Typically, a teacher wants to provide a purpose for each lesson. In this case, though, the lesson is a form of mystery for kids to solve: "What are those weird spots around Jupiter that Galileo saw through his telescope lens?"  If too much warm-up is done, it will give away the answer to the mystery - the "weird spots" seen by Galileo are Jupiter's moons. The lack of elicitation of prior knowledge is not a problem for this lesson, but one suggestion is provided. 
	The suggestion is to initiate the lesson by asking kids what it would be like to be a scientist living in the year 1600, when the only way you could see stars and planets was with the naked eye. Then ask them to imagine that, for the first time, they can see through a rather weak telescope, perhaps magnifying a celestial object 3-4 times. Elicit from them what they would look at "out there" and what they would expect to see with this limited magnification capability.

	Uses scientifically accurate and grade-appropriate scientific information, phenomena, and representations to support students’ three-dimensional learning.
	The lesson provides primary source data consisting of accurate reproductions of Galileo's drawings of Jupiter and the surrounding "weird spots" as he observed the planet over weeks. The accompanying background information is scientifically accurate and appropriately written for typical readers in Grades 6-8. The PBS video "Galileo: Discovering Jupiter's Moons" is also quite accurate and engaging.
	Link to the NASA Solar System Exploration-Kids website for more up-to-date information on Jupiter (most notably, the interactive simulations of Jupiter's moon Europa):
http://solarsystem.nasa.gov/kids/index.cfm
Open the page, then click "Jupiter"

	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.
	Lesson does a great job of encouraging students to express their interpretations of Galileo's 400-year-old drawings, then construct an explanation of what is happening, and finally, justify their explanation. Most of the responses are done in writing or within cooperative learning groups. As the lesson concludes, students present their findings to the full class.

	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.
	With the exception of the visually impaired, the lesson offers rich opportunities for all students at a variety of cognitive levels to participate. The way the lesson is constructed as a mystery to solve will be engaging to all kids and intellectually accessible to almost all learners in the middle grades.

The lesson provides links to extension activities for students with high interest or gifted/talented learners.

	One possible strategy to help students better connect the instruction to their home, culture, etc. is to discuss 2-3 scientists who have hailed from highly different backgrounds (i.e., wealthy family, poor family, life of servitude) to get students thinking about the idea that true scientific ingenuity can be born anywhere, but requires nurturing at some point.

Create a background information segment specifically for struggling readers and ELL. It would also be fairly simple to create a modified resource for visually-impaired students where they track one of Jupiter's "moons" by feeling different positions of a raised dot around a large circle.

While the basic goal of the lesson is accessible to almost all students, the background information is not. See comments above





Summary of Observations and Suggestions for Improvement:

This very short lesson is a pretty complete package and will make a great one-day activity. The beginning of the lesson even provides scripted dialog for introducing the activity. However, to be considered exemplary in terms of instructional support, it needs to provide background information that can be read (or listened to) by all students. It is also lacking in content support for teachers. Since the lesson was developed, there have been significant discoveries from newer missions to Jupiter and we have considerable knowledge about the surfaces and dynamics of the four largest moons. It's important to link to this background information to stay current. Here's a link to the NASA Solar System Exploration page on Jupiter:  http://solarsystem.nasa.gov/planets/profile.cfm?Object=Jupiter

In addition, this lesson is part of a larger package assembled by a respected astronomer. It encompasses more than 500 pages and could serve as both a textbook and curriculum framework for teaching astronomy in the secondary grades. Here's the link to a version available free:
http://files.eric.ed.gov/fulltext/ED399149.pdf



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 primary way in which students demonstrate understanding is their production of planet/moon patterns based on Galileo's hand-drawn images of Jupiter. The secondary assessments relate to specific activities in learning groups to generate scientific questions and explain the patterns they drew from their recording of Galileo's data. Together, these assessments are measurable and integrate both the Practices and the DCIs listed above, plus very solid integration with Crosscutting Concepts of Patterns and System Models.
	None. 

	Elicits direct, observable evidence of students’ performance of practices connected with their understanding of core ideas and crosscutting concepts.
	Yes, the teacher has opportunity to collect direct evidence of student performance:  the student-generated scientific questions and the planet/moon drawings constructed by students.
	None. 

	Formative assessments of three-dimensional learning are embedded throughout the instruction.
	The scientific questioning assignment will let teachers get a glimpse of student understanding at an early phase of the lesson. The student-generated planetary orbit drawings will further shed light on their understanding. Finally, the explanations constructed in the learning groups will bring the lesson full circle.
	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.
	Does not meet criteria. 

	A simple rubric would be helpful to both teachers and learners as students construct their drawings of the "spots" around Jupiter.

	Assessing student proficiency using methods, vocabulary, representations, and examples that are accessible and unbiased for all students.
	Does not meet criteria. 

	Introduce appropriate vocabularies in mid-lesson, including "orbit", "planet/moon system", "satellite", "telescope", "lens", and "magnification". Also suggest a link to one of the many robust simulations of Jupiter with its moons orbiting about it (to allow students to compare their interpretations with the actual phenomenon as recorded by recent NASA missions).





Summary of Observations and Suggestions for Improvement:

Being a short, one-day lesson, the assessments incorporated within the resource are adequate. It would be optimal to provide vocabulary support (as specifically noted above) and possibly display a computer model that accurately represents Jupiter's planet/moon system.

Overall Summary Comments:

This is a very strong inquiry-based lesson. The lesson is sure to excite kids and possibly inspire them to learn more about planets and historic astronomy. The instructional materials are free and classroom set-up is quick and simple. The primary suggestion for improvement is to provide additional multisensory ways for kids to explore the phenomena through free resources on NASA's Solar System Exploration-Kids website. This site provides a rich set of materials: up-to-date information on the planet including the most recent Juno mission, a "Jupiter Explorer" in 3D, the Giant Red Spot (and its documented recent shrinkage), simulations of Europa's surface, and cool facts written at a grade level appropriate for Grades 5-8. Here's the link:
http://solarsystem.nasa.gov/kids/index.cfm   (then click "Jupiter")

