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Grade Level of Lesson: 5-12
Lesson/Unit Title: 96. Microgravity in the Classroom

I. Alignment to the NGSS: (Practices: #1, 2; DCI: MS-ESS1-2.B; HS-ESS1-4.B; Crosscutting Concepts: #1, 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.
	Teachers are directed to ask students for predictions of the outcome of the demonstration (the demonstration creates microgravity conditions by freefall using a water balloon and teacher-developed apparatus). Students may develop models via extension activities such as timing the simulation or bringing accelerometers on roller coasters to study the gravity environments.

Middle school DCI states "The solar system consists of the sun and a collection of objects, including planets, their moons, and asteroids that are held in orbit around the sun by its gravitational pull on them," corresponding to the high school level which states "Orbits may change due to the gravitational effects form, or collisions with, other objects in the solar system." This task includes the creation of microgravity environments with three different types of objects, and extension activities (e.g., changing the rubber band strength), allow for the observation of change. The lesson recommends that each session be videotaped.

Patterns of gravitational and microgravitational force are described and monitored through the activity by watching the effects of the apparatus on different objects and the student reader provided. Equations are used to calculate the force of gravity on the objects based on timing. The students observe different falling bodies to identify the effects of scaling. The microgravity apparatus is a demonstration of gravitational systems. The student reader provides evidence that NASA uses microgravity research (e.g., with drop towers).
	There is an opportunity for students to develop an experiment here, make and record predictions and observations, and design explanations for the answer. These activities are not explicit in the activity and could be included.

The connections between the activity and objects in orbit is not completely clear in the lesson conclusion, and could be brought in more explicitly by teachers. Also, the use of video cameras is recommended, and the playback could be used for more than just timing. For example, students can learn to make predictions before the video observations, and make notes of what to pay attention to in the video, and then watch the video before drawing conclusions.

The relationship between the lesson (apparatus, demonstration, and group work) could be more closely associated with gravity. It might be beneficial to ask the students after the experiment how it ties in with the experiments that NASA does, to make real world applications of patterns, scale, and system models.



Summary of Observations and Suggestions for Improvement:

The preparation for this lesson and the experiments that students watch or participate in allows them to engage in three-dimensional learning. The lesson appears to be lacking in follow-up activities to drive home the DCIs and Crosscutting Concepts.



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.
	Three different experiments are provided (i.e., dropping a balloon, observing an upside down cup full of water drop into a bucket, and throwing a can full of water into a bucket). Three types of extension activities are provided to observe alternate microgravity environments, including a suggestion of riding on roller coasters to learn more about quick drops that they may personally experience. Students are also asked to read information prior, and may be engaged throughout the project by teacher questions. Furthermore, students can observe the experiment repeatedly via videotapes.

The instruction manual suggests that teachers should ask students for predictions, and then ask students to debate each other if they have differing opinions. The follow-up activity suggests writing a short paragraph about what happened. There is an opportunity to time the experiment and use a formula to determine the distance the balloon falls (in meters) before popping. Explanations for each outcome are provided, and the teacher can share them with the students.
	These multiple phenomena are strong representations of microgravity, although the lesson does not include structured reflection of what happened during the experiments, why it happened, and how it is related to microgravity. Some explanation is provided, but perhaps an activity such as individual thinking, discussing with a partner, and discussing during the class would elicit deeper thinking.

The students might benefit from generating their own explanations for the cup/water and can experiments before being told the answer. This would encourage more critical thinking and deeper connections with crosscutting concepts.


	Develops deeper understanding of the practices, disciplinary core ideas, and crosscutting concepts by identifying and building on students’ prior knowledge.
	Does not meet criteria. 
	Students' prior knowledge is not clearly activated in any activity. Teachers may want to bring in specific examples of gravitational pull prior to beginning the lesson. While the student reader includes an example of free-falling elevators to make connections to real-world applications, it may be hard for some students (especially the younger ones) to understand this representation of microgravity.

	Uses scientifically accurate and grade-appropriate scientific information, phenomena, and representations to support students’ three-dimensional learning.
	The lesson suggests it is appropriate for 5-8 and high school grades; however, there is no distinction in the lesson for which grades each task, or type of question, or extension opportunity would be appropriate.
	Since the lesson is geared towards youth grades 5-12, it may be beneficial to denote concepts and tasks that are particularly relevant for each grade level.

	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.
	At the beginning, the teacher is instructed to encourage debate among students with differing predictions about the demonstration outcome. Furthermore, students are asked to write a paragraph or two about microgravity and explain how free-fall creates it. There is no clear opportunity for students to express, clarify, justify, interpret, and represent their ideas after experiments two and three in an on-line environment.
	Since students are debating before the activity, perhaps they could be asked to: (1) construct an argument as an explanation for the outcome and (2) present it to the class for debate, following experiments 2 and 3, where opportunities for discussion appear to be lacking.

	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.
	Differentiated instruction is not a focus of this lesson plan.

There are no specific differentiated instruction practices.

It is unclear how teachers might judge whether students are struggling to meet the performance expectations. They do elicit predictions prior to the first demonstration.

Extension opportunities include using the videotaped demonstrations to time the experiments (no clear indication of what to do with the timing), using string rather than rubber bands in the falling weight apparatus, and conducting a microgravity science field trip.

	Ask students to share examples from their own lives of when they might observe microgravity forces (e.g., at home, in the neighborhood, etc.)

Adaptations, such as different reading level texts or vocabulary, could be included throughout the experiment.

Eliciting predictions prior to the first demonstration allows for the teacher to assess understanding of some, but not all the students involved. Without the identification of students struggling to meet performance expectations, it will be difficult to have comprehensive instructional support. If students who need help are accurately identified, it may be useful for them to repeat the experiments or watch the experimental video more than one time, with more appropriate level of discussion to explain the phenomena.

Each of the extension opportunities would support students of high achievement or high interest. Since the student reader suggests that microgravity experiments will be done at the International Space Station, another extension activity might be to have students, or the class, design their own experiment for testing microgravity (whether on earth or in space).




Summary of Observations and Suggestions for Improvement:

Some instructional supports appear to be in place, such as lesson preparation and tips for questions teachers can ask students before the demonstration. The lesson appears to be lacking clear differentiation strategies, although observation of the exercise is accessible to many students, and questions could be modified for each grade level. It is recommended to make differentiation strategies more clear.



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.
	Student assessments include directives to "Have students write a paragraph or two that define microgravity and explain how freefall creates it" and they are asked to observe the video tapes of the demonstrations.
	This question asks students to repeat information shared with them in the free fall. Asking more specific questions related to the demonstrations, DCIs, and Crosscutting Concepts may aid their understanding of the phenomena.

	Elicits direct, observable evidence of students’ performance of practices connected with their understanding of core ideas and crosscutting concepts.
	Students are asked to share predictions and a summary of the definition of microgravity.

	Teachers are not given cues of which practices to look for or how to evaluate responses to questions. These would be helpful throughout the lesson.

	Formative assessments of three-dimensional learning are embedded throughout the instruction.
	Does not meet criteria.

	Include formative assessment throughout, such as worksheet questions for students to fill out between each of the three experiments, or asking students to relate the demonstrations to the reading.

	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. 
	Create a scoring rubric for the assessment.


	Assessing student proficiency using methods, vocabulary, representations, and examples that are accessible and unbiased for all students.
	Microgravity is generally well-explained through accessible language and methods in the pre-reader and asking students to observe demonstrations.
	Introducing vocabulary terms before the lesson may prime students to learn more about microgravity. Also, this lesson is designed for a wide range of ages, so adapting language to meet the lowest grade level (5) would be more appropriate.




Summary of Observations and Suggestions for Improvement:

Student progress does not appear to be closely monitored, consider including formative assessments and more rigorous summative assessments.

Overall Summary Comments:

While this lesson appears to be well-aligned with standards for middle school and high school understanding of gravitational forces, it may benefit from the application of this knowledge to Earth and the solar system. Other areas of weakness include differentiation and assessment.
