EQuIP Rubric for Lessons & Units: Science
Response Form

Grade Level of Lesson: HS
Lesson/Unit Title: 83. Magnetism and Electromagnetism

I. Alignment to the NGSS: (Practices: #2, 4, 7, 8; DCI: HS-ESS2-2.D; HS-ESS2-4; HS-PS2.B; Crosscutting Concepts: #2, 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.
	Developing and using models. Students develop basic models of Earth's magnetic field by mapping field lines around bar magnets to visualize the magnetic dipole field (activity 1) and using a jump rope to demonstrate a generator effect (activity 3). 

Analyzing and interpreting data. In activity 2, students count the number of paper clips their magnet can retrieve when the magnetic field is changed, and record them. In activity 3, students answer questions about quantitative measurements collected from a galvanometer recording of the extension cord serving as a generator. For example, they use their data recording to answer the question "What effect does the rotational speed of the cord have on the deflection of the galvanometer?"

Engaging in argument from evidence. In activity 3, when students record galvanometer readings, they are asked to then "explain why the galvanometer needle moves when you play jump-rope with the extension cord" and "explain why the orientation of the jump rope to Earth's magnetic field effects the galvanometer reading." For activity 4, after students have observed Lenz's law with an aluminum can and electrical current created with a spinning magnet, students are asked to "Use your own words and drawings to describe why the magnet causes the can to move." 

Obtaining, evaluating, and communicating information. Students obtain information about magnetism and electromagnetism during each lesson, using basic observations and evaluations based on quantitative data.

Polarity, attraction, repulsion and field lines, building a simple nail electromagnet and studying how electric currents create magnetic fields, using an extension cord as a jump rope to generate an electric current, and learning about Lenz's law).

Cause and effect/ Scale, proportion, and quantity. Students manipulate experiments, for example, in activity 2 they create an electromagnetic current with an insulated wire and batteries. They control how much current flows in the wire by using several batteries in series to increase the current flowing in the wire around the pencil, or increase the magnetic field of the electromagnet by increasing the number of loops of wire wrapped around the pencil. Students record these observations and construct explanations to understand the effect of changing the battery number or the magnetic field changes.

Systems and system models. Students build models of Earth's magnetic field.

Electromagnetism foundational concepts are introduced through the series of four activities (i.e., working with common magnets to re-discover properties of magnets like
	Developing and using models. Students do not have the opportunity to relate the magnetism they are experiencing with Earth's magnetosphere, or with electromagnetism in the solar system (other than using the poles to orient the jump-rope for the generator activity). Consider including background reading or presentations, or asking students to come up with their own argument about how the lessons are related to the Earth's magnetosphere and solar system electromagnetism. 

Analyzing and interpreting data. No worksheet is associated with relating the practice to phenomena. For example, students may not have a good idea of why they are recording the number of paper clips attracted to the magnet for activity 2. Consider ways to emphasize the relationship between these practices and magnetism/electromagnetism. 

Obtaining, evaluating, and communicating information. Opportunities for students to communicate information are not really included in these lessons. One suggestion is to ask students to present their arguments either in a formal or informal presentation.















The lessons appear to be loosely aligned to the NGSS DCIs with promise for aligning more closely. These concepts are foundational to understanding electromagnetic radiation from the sun (e.g., DCI ESS2.D); however, there are no closely matching standards. Consider making connections between electromagnetism and weather and climate.









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.
	Four lessons are meant to be sequential. They include basic explorations with magnets, and galvanometers. Notably, this unit is part of a larger unit (which is not evaluated here), but will eventually support students in the progression to scientific inquiry using data from magnetometers located in schools across the U.S. as part of the THEMIS education project.
	The set of performance expectations aligned with NGSS is only loosely connected to the goals of each activity; however, the covered concepts appear important. Consider making the connection between performance expectations and activity goals more clear.

	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.
	Does not meet criteria.
	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.
	Does not meet criteria.
	None.




Summary of Observations and Suggestions for Improvement:

As stated above, connections with DCIs are loose; however, the concepts covered in these lessons regarding magnetism and electromagnetism appear foundational to the DCIs that target Earth's magnetosphere and the sun's electromagnetism and radiation.



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 have opportunities to build progressively complex models and use a variety of observation tools. For example, in activity 1, they observe pictures of the sun and maps of electric fields, and they compare these pictures to their own magnetic field maps created by using magnets and paper clips. They also create generators using jump ropes and observe Lenz's law using aluminum cans and spinning magnets. Each of these activities provides a separate way to learn about the properties of magnets.

	More practices could be included such as asking students to develop hypotheses about what might happen when the magnetic field is strengthened (for the second activity), or when the generator jump rope is aligned in a different direction. The unit teacher guide could also include more background knowledge for teachers to support students engaging in each of the practices (e.g., why develop models, best practices for analyzing data)

This is probably lacking due to the loose alignment with current DCIs and should be considered if the unit is modified to strengthen this alignment.


	Develops deeper understanding of the practices, disciplinary core ideas, and crosscutting concepts by identifying and building on students’ prior knowledge.
	Does not meet criteria

	If this lesson is introduced in high school, students have likely already seen a variation of it earlier on. Perhaps ask them what experience they have with magnets and consider ways that this unit builds on that prior experience.

	Uses scientifically accurate and grade-appropriate scientific information, phenomena, and representations to support students’ three-dimensional learning.
	The introduction material states that the lessons have been "checked for science accuracy by NASA and THEMIS scientists"

Vocabulary words are provided for core concepts (e.g., polarity, attraction, repulsion and field for activity 1)

There is no introduction or definition of the galvanometer, although it is a central tool for activity 3 (i.e., creating a generator).
	The first two activities may be too easy for high school students, depending on their background with magnetism.


	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.
	Students’ complete worksheets, teachers have answer keys.

	The units do not really include these opportunities into the plan, but it would be relatively easy for teachers to check in with students throughout each activity.

	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.
	The ARTEMIS/THEMIS website is accessible to students, and includes a description, photos, and news updates that students with additional interest can explore. 

Lesson 1 includes 4 links related web activities including a guide for exploring magnetism, a student observation network magnetism activity, an activity for playing with magnetism, and another activity to explore magnetic fields. However, the guide is the same as that provided in this lesson, the links for the student observation network and playing with magnetism do not work, and the exploring magnetic fields activity only includes a magnetic field activity similar to lesson 1 (and thus does not appear to add to the model).
	Consider checking the web activities for functionality (see specific evidence).





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.
	The teacher's guide provides brief background information and goals for each lesson. For example, in activity 2 students manipulate the strength of magnetic fields. Activity 3 goals explicitly state that by the end, students should "know that Earth has a magnetic field." Each lesson builds from the previous.
	Tie in DCIs more explicitly throughout the activities. It may also be useful to provide students with a roadmap so they can also see how the lessons fit together and what they will be doing next.





Summary of Observations and Suggestions for Improvement:

Differentiation strategies appear to be missing from this unit. Consider adding such activities to the lesson. 




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.
	Activity 1: No assessments.
Activity 2: Students record observations in lab book and describe what happens/why.
Activity 3: Worksheet including data recording and questions about the experiment and what happened.
Activity 4: Worksheet.

	Consider adding an assessment for activity 1. Assess whether students understand connections between practices and crosscutting concepts.


	Elicits direct, observable evidence of students’ performance of practices connected with their understanding of core ideas and crosscutting concepts.
	Does not meet criteria.

	None. 

	Formative assessments of three-dimensional learning are embedded throughout the instruction.
	Worksheets could be considered as formative assessments.

	[bookmark: _GoBack]The teacher's guide might benefit from including more information on how to use the worksheets and class discussion as formative feedback, particularly relative to three-dimensional learning.

	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.
	Answer keys are provided but no scoring guidelines are offered.

	None. 

	Assessing student proficiency using methods, vocabulary, representations, and examples that are accessible and unbiased for all students.
	The movement from activity 1-4 is progressively complex so allows students to build knowledge from the level at which they come into the unit.
	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.
	Does not meet criteria.

	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.
	This demonstration is primarily through worksheets.

	Consider adding class discussion (prior to the unit and after) and/or presentations.





Summary of Observations and Suggestions for Improvement:

Some monitoring tools are in place. Generally, they could be strengthened with regards to three-dimensional learning (see suggestions for improvement in specific areas).

Overall Summary Comments:

Many of these activities focus on lessons that instruct students of the properties and importance of Earth's magnetic field to NASA's science missions and to space weather. While these concepts seem important to understanding NGSS standards such as those related to solar flares, they should be reconsidered with NGSS standards in mind. For example, lesson 4 goals culminate in the knowledge of Lenz's law, which is not included in NGSS. This activity could be replaced in favor of an activity targeting the effect of Earth's magnetic influence on weather and climate. Other activities could be supplemented with directed questions targeting NGSS.

This unit is meant to serve high school but could be implemented as early as 5th grade. However, it only aligns (albeit loosely) with high school standards. Consider grade level more closely.

