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Grade Level of Lesson: 8-12
Lesson/Unit Title: 155. Investigation Transit Tracks

I. Alignment to the NGSS: (Practices: #2, 4, 5, 6, 8; DCI: MS-ESS1-2.B; HS-ESS1-4.B; Crosscutting Concepts: #3, 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.
	Students observe a model of a transit with a lamp to represent a star and a bead on a string, spinning around the lamp, to represent a planet. Students learn to read graphs of light sensor data to learn about transits, as well as find out information about planets. They develop their own understanding of what a chart of a transit would look like, and then have the option to collect real data if a light sensor, computer with sensor interface, graphing software, and computer display projector are accessible. They also use sample graphs of Transit Light Curves to interpret graphs. 

Students develop and use models when they create their own light curves, choosing planet size and orbit radius. They have an "Analyzing Light Curves" worksheet to record data they derive from the light curves. They then engage mathematical and computational thinking by figuring out how to make the period for their graphs. 

Students construct explanations, and obtain, evaluate, and communicate information after they have created their own light curve (in groups of 2-5). They trade light curves. Students then trade graphs with other groups and challenge each other to figure out what kind of planetary system they created. They communicate their findings about this activity and their answers to questions verbally and on worksheets (e.g., they must answer the question "Describe the relationship between the period of the planets and their orbital distances"

Students build models to demonstrate Kepler's Laws in accordance with HS-ESS1-4.B, and planet's orbits around stars/ Earth's orbits around the Sun (MS-ESS1-2.B)

Scale/proportion/quantity and systems and system models are included in this lesson. The instruction manual includes a note to teachers (to share with students) that the activity light scale is using days, while a plane typically takes several hours to transit a star. Figure three shows a typical transit. Students also receive a copy of 3 graphs of "Kepler's 3rd Law" scaled for planets with periods of less than 2 years.
	The opportunities listed are appropriate activities to engage practices to make sense of Kepler's third law.

There is an opportunity to go more in depth into the Middle School and High School standards here. For example, bring in more background about the role of gravitational forces on orbit, as well as how the spin axis that affects seasons on Earth across the year.

Students can use information about the model and the scale of the model to understand differences and similarities between the model and real phenomena. The model accurately depicts transits and demonstrates to students how scientists use transits to learn more about planet's properties, including their size and orbits. 







Summary of Observations and Suggestions for Improvement:

This lesson aligns with practices, DCIs, and Crosscutting concepts. There is room for elaboration with regard to the DCIs it is targeting, as noted above; however, the lesson is aligned well as it currently stands.



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.
	Students read the background on the first observed transit, view a demonstrative model of a transit, create their own models, recording data, and engage in evaluation of the models and model planet transit properties.

Students engage in various activities to make sense of the phenomena of Kepler's 3rd law, which is aligned with NGSS MS and HS DCIs. They also must understand the crosscutting concepts to make sense of the DCIs. For example, they fill out a worksheet after viewing sample transit light curves of 9 different stars. Students record light curves and the period of each planet and answer questions such as "which planet(s) are similar in size to Earth?" and "Jupiter's radius is about 11 times Earth's radius. Which planets are similar in size to Jupiter?"
	These phenomena allow students to engage with the practices of developing and using models, carrying out investigations, using mathematics and computational thinking, and obtaining, evaluating, and communicating information. No suggestions for improvement.

The practices and questions work together to support three-dimensional learning. An area for improvement is the questions- there are only 3 questions to fill out on the worksheet, and it is not necessarily clear what they are targeting. Either add questions to make sure students understand the connections among practices, DCIs, and concepts, or add time onto the lesson to have a class discussion about implications and connections between practices, DCIs, and concepts.

	Develops deeper understanding of the practices, disciplinary core ideas, and crosscutting concepts by identifying and building on students’ prior knowledge.
	Students must know how to create and interpret graphs prior to the lesson. For example, students are asked "if we plotted a graph of brightness vs time- with brightness measured by our light sensor- and this [book] transited the star for 3 seconds, what would the graph look like?"
	The lesson actually builds knowledge quite nicely by starting with the definition of a transit, the discussion of how a planet's size and orbit affect the transit, and interpretation of graphs. However, it is not clear that prior knowledge is either brought in or strongly activated by this lesson.

	Uses scientifically accurate and grade-appropriate scientific information, phenomena, and representations to support students’ three-dimensional learning.
	The lesson was accurate as of 2011, and it is based out of the Kepler website, which was up to date at the time of the review. The information appears grade appropriate, although the initial reading passage Flesch-Kincaid Readability score suggests the Horrocks passage to introduce students to the idea of transit is slightly higher than grade 12.
	The information appears scientifically sound. Consider altering text for easier reading, this lesson is supposed to target students as early as grade 8.


	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 begins as a large group activity (demonstration of a transit), and moves into smaller group activities (2-5 students). During the large group activity, the teacher facilitates discussion, allowing for students to share ideas and respond to feedback. For example, teachers ask students what is different about different planets (size, color, period, distance from the star). They are asked if there is any relationship between the planet's period and how far it is from the light. Teachers are guided to engage students in the appropriate answers while allowing students to create their own answers. Smaller groups work together to fill out worksheets- allowing for peer 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.
	One of the tasks for explaining Kepler's third law is to understand the mathematical computations. The teacher guide offers a challenge for students who finish a task early, asking them to derive the radius of the planet based on algebraic formulas.
	The evidence provided above is the only extension suggested for learners who have high interest or have already met performance expectations. Consider including other challenges throughout the lesson.




Summary of Observations and Suggestions for Improvement:

Instructional supports for three-dimensional learning are well established in this lesson. The lesson could be improved by the addition of differentiated learning strategies and options for instruction.




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.
	Students must understand models, use computations, and explain their answers. They must understand Kepler's third law to accurately explain it on their worksheets. For the lesson introduction, teachers are instructed what to watch for in student learning. For example, when students are asked to construct a graph of brightness vs. time for the transit demonstration, teachers are instructed to guide students to the answer that we would expect the graph to look like the one shown in Figure 1, a drop in brightness to 100% blocked.

Discussion questions (without answers provided) include those such as "How big is the planet compared with the star?” and “What is the period of the planet?"
	There are opportunities for teachers to observer students understanding of all three dimensions. These opportunities and instructions appear at the beginning of the lesson plan, but are not included throughout. consider adding for more teacher support to monitor their students' progress.


	Elicits direct, observable evidence of students’ performance of practices connected with their understanding of core ideas and crosscutting concepts.
	Students must understand the model to the degree that they can calculate the period and record data.
	The data observation worksheet is observable evidence of students' performance. Consider other ways of measuring students' performance.

	Formative assessments of three-dimensional learning are embedded throughout the instruction.
	Does not meet criteria. 
	The discussion questions could be considered formative assessment, but this idea is not explicitly stated. Consider adding.

	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.
	An answer key for the worksheet is provided.

	No other answers are provided, and the worksheet answers are general rather than specific, which would make accurate scoring difficult.


	Assessing student proficiency using methods, vocabulary, representations, and examples that are accessible and unbiased for all students.
	Does not meet criteria. 
	Students are asked to make some big connections in this lesson (e.g., extending the model to Kepler's 3rd law). These connections may be accessible for higher level students, but it is unclear that they are biased (in terms of methods, vocab, representations, etc.) for all students.





Summary of Observations and Suggestions for Improvement:

Assessment opportunities are available throughout this lesson. Consider the following suggestion (1) making questions and answers more clear as use of formative assessment for teachers and self-assessment for students, (2) making assessments accessible and unbiased, and (3) creating a rubric for assessments.


Overall Summary Comments:

The online resource includes PowerPoint slides and can be found here: http://kepler.nasa.gov/education/activities/transitTracks/ The PowerPoint is not included anywhere in the lesson plan but may be particularly useful for introducing concepts. 

Overall, this lesson aligns neatly with three-dimensional learning surrounding Middle School and High School -ESS1 (Earth's Place in the Universe). Areas of weakness include differentiation strategies and a rubric for assessment.

