EQuIP Rubric for Lessons & Units: Science
Response Form

Grade Level of Lesson: 6-12
Lesson/Unit Title: 89. Mapping Magnetic Influence

I. Alignment to the NGSS: (Practices: #2, 3, 4, 6; DCI: MS-PS2.B.i; MS-PS2.B.iii; HS-PS2.B.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.
	Outstanding integration of the Practices to make sense of the physical phenomena related to magnetism. Evidence below:
Developing and Using Models: The activity "Magnet Map" provides a solid opportunity to develop deep understanding of magnetic field lines and how they are distributed, then to extend that understanding to Earth's magnetic field. Students create their "maps" using bar magnets and a Magnaprobe device, then they analyze the patterns.

Planning and Carrying Out Investigations:  Students do inquiry-based experimentation in the activities "Can You Make a Magnet?" and "Can You Make a Compass?"

Analyzing and Interpreting Data:  The two experiments provide opportunity for data collection and analysis. The lesson contains a specific Data Analysis assessment to guide students as they interpret data.

Constructing Explanations: At each critical juncture of the lesson, students are asked to construct explanations. As the lesson opens, the journaling activity "Seeing Magnetism" asks them to provide explanations based on prior understanding. In the "Magnet Map" modeling activity and "Exploring the Properties of the Magnaprobe", the students dig deeply to construct explanations of why magnetic field lines appear as they do and to explain their conceptions of magnetic poles.
	None.








	Criteria
	Specific Evidence From Materials Under Review
	Suggestions for Improvement

	
	The lesson deftly integrates both high school and middle school DCIs to support instruction of magnetic attraction/repulsion and magnetic field. 

Middle School Physical Science
MS-PS2.B.i (i.e., attraction/repulsion and strength of magnetic interactions). The activities "How Can You Make a Magnet", "How Can You Make a Compass", "Model a Magnet", and "Seeing Magnetism" intersect strongly with this DCI. 
MS-PS2.B.iii (forces at a distance):  The "Magnet Map" modeling activity and follow-up question set "Exploring the Properties of the Magnaprobe" do a great job of shedding light on the highly abstract concept of magnetic fields and how they act at a distance to create patterns that show their area of influence among interacting objects.
HS-PS2.B.ii (magnetic field): A typical science lesson is not usually appropriate for both middle school and high school. This lesson is an exception in that it pushes the envelope to promote deeper understanding of magnetic force. It is flexible enough to challenge high school students, particularly the activities "Magnet Map" and "Exploring the Properties of the Magnaprobe". These two activities help older adolescents comprehend that magnetism is a force that varies in strength depending upon the distance between the interacting objects. The Magnet Map lets kids construct their own magnetic field lines around a bar magnet. Immediately following up, the question set asks probing questions about magnetic poles, the nature of magnetic field, and why the patterned lines appear as they do.

This lesson is an exemplar for meaningful integration of the Crosscutting Concepts. Evidence below:
CC #1: Patterns - In the activity Magnet Map, students construct their own models of magnetic field by using a simple bar magnet and a device called a Magnaprobe. As students start tracing out the magnetic field lines around the bar magnet, they will see a pattern emerge that includes the magnetic poles. They will quickly see that magnetic field lines are symmetrical and stronger in certain regions. 
	One suggestion would be to add an image set and very short activity asking students to compare/contrast their Magnet Map with the Earth's magnetic field.

Although the lesson is very good, it could benefit from embedding a computer model or digital simulation that contain computational models of magnetic field. This could be a meaningful way for students to ponder whether their Magnet Map models are scientifically accurate (which they are if they followed the directions). There are 3 simulations I recommend highly:

PhET Simulation-Magnet and Compass: http://phet.colorado.edu/en/simulation/magnet-and-compass PhET Simulation-Magnets and Electromagnets http://phet.colorado.edu/en/simulation/magnets-and-electromagnets
The Concord Consortium-How Electrons Move http://concord.org/stem-resources/how-electrons-move






	Criteria
	Specific Evidence From Materials Under Review
	Suggestions for Improvement

	
	The lesson deftly integrates both high school and middle school DCIs to support instruction of magnetic attraction/repulsion and magnetic field. 

Middle School Physical Science
MS-PS2.B.i (i.e., attraction/repulsion and strength of magnetic interactions). The activities "How Can You Make a Magnet", "How Can You Make a Compass", "Model a Magnet", and "Seeing Magnetism" intersect strongly with this DCI. 
MS-PS2.B.iii (forces at a distance):  The "Magnet Map" modeling activity and follow-up question set "Exploring the Properties of the Magnaprobe" do a great job of shedding light on the highly abstract concept of magnetic fields and how they act at a distance to create patterns that show their area of influence among interacting objects.
HS-PS2.B.ii (magnetic field): A typical science lesson is not usually appropriate for both middle school and high school. This lesson is an exception in that it pushes the envelope to promote deeper understanding of magnetic force. It is flexible enough to challenge high school students, particularly the activities "Magnet Map" and "Exploring the Properties of the Magnaprobe". These two activities help older adolescents comprehend that magnetism is a force that varies in strength depending upon the distance between the interacting objects. The Magnet Map lets kids construct their own magnetic field lines around a bar magnet. Immediately following up, the question set asks probing questions about magnetic poles, the nature of magnetic field, and why the patterned lines appear as they do.

This lesson is an exemplar for meaningful integration of the Crosscutting Concepts. Evidence below:

CC #1: Patterns - In the activity Magnet Map, students construct their own models of magnetic field by using a simple bar magnet and a device called a Magnaprobe. As students start tracing out the magnetic field lines around the bar magnet, they will see a pattern emerge that includes the magnetic poles. They will quickly see that magnetic field lines are symmetrical and stronger in certain regions. 
	



	Criteria
	Specific Evidence From Materials Under Review
	Suggestions for Improvement

	
	CC #2: Cause and Effect - Three activities provide opportunity for students to observe cause and effect. "Seeing Magnetism" is a teacher-led demonstration in which moving a magnet near a test tube filled with iron filings has predictable effects. The activities "How Can You Make a Magnet" and "How Can You Make a Compass" allow students to do their own experimentation to see what causes a nail to become magnetized by a magnet and what causes a compass needle to move. 

CC #6: Structure and Function - In the study of magnetism and magnetic field, it's important to understand both the function of a magnet or compass and how the structure of a material determines whether it has magnetic properties. In this lesson, the two experiments ("How Can You Make a Magnet" and "How Can You Make a Compass") allow students to investigate the structure of magnets and magnetic materials. In "Exploring the Properties of the Magnaprobe", the students respond to probing questions to elicit critical reasoning about how magnets function and how their physical properties (structures) impact the strength of the magnetic field.
	





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.
	This mini-unit follows a Learning Cycle instructional model. The lessons are well-sequenced to build upon each other. The structure is detailed below:

1. Introduction-Eliciting Prior Notions (Journaling activity), followed by the predicting activity "What Do You Know  About Magnets".
2.	Demonstration of key concepts:  Modeling a Magnet.
3.	 Opportunity for hands-on investigation:  "How Can You Make a Magnet" and "How Can You Make a Compass".
4.	 Modeling:  "Magnet Map" activity.
5.	Explaining and Reasoning: "Exploring the Properties of the Magnaprobe".
6.	Reflection:  cooperative group discussions and journaling
	Introduce a simulation or digital computer model between the Explanation and Reflection components of the lesson. This suggestion is made because a growing body of evidence is emerging from physics education research that simulation and computer modeling allow students to reason more abstractly because they are able to visualize things they can not see or feel. A simulation would be a powerful reinforcement of the Magnet Map activity. See above response for links.


	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.
	This lesson is not truly intended to be that broad in scope. It's a mini-unit on the topic of magnetism, magnetic field, and properties of magnets.

	As suggested above, add a component that includes illustrations of Earth's magnetic field and images of phenomena like auroras, plus background reading excerpts on Earth's magnetic field. This would more effectively integrate Earth Science and Physical Science.

	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.
	The common core for math is not present. Specifically, This lesson does not introduce mathematics or calculations. For common core ELA it is present. Specifically, the following information is provided: 

Reading - Literacy in Science and Technical Subjects
Key Ideas and Details

Middle School: RST.6-8.3 Follow precisely a multistep procedure when carrying out experiments, taking measurements, or performing technical tasks. (Journaling activity and question set)

High School:  RST.9-10.7 Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and translate information expressed visually or mathematically (e.g., in an equation) into words. (The Magnet Map activity is a perfect way to translate visual data into words.)

[bookmark: _GoBack]Reading - Integration of Knowledge and ideas

High School:  RST.11-12.9 Synthesize information from a range of sources (e.g., texts, experiments, simulations) into a coherent understanding of a process, phenomenon, or concept, resolving conflicting information when possible. (The two experiments on magnets and compasses)

Writing for Literacy in History/Social Studies, Science, and Technical Subjects
	None. 


	
	Production and Distribution of Writing

Middle School:  WHST.6-8.4 Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience. (This opportunity occurs throughout the entire lesson, but particularly within the activity "Exploring the Properties of a Magnaprobe")

Text Types and Purpose

High School:  WHST.9-10.2 Write informative/explanatory texts, including the narration of historical events, scientific procedures/ experiments, or technical processes. (This standard is specifically met by the activity "Exploring the Properties of the Magnaprobe.) 

Research to Build and Present Knowledge
High School:  WHST.9-10.7 Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a problem; narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under investigation. This standard is met by students as they first ask pertinent questions and make predictions, then perform the two experiments on magnets and compasses, and finally synthesize their self-developed magnetic field models with their experimental results.
	





Summary of Observations and Suggestions for Improvement:

This is an outstanding lesson. It masterfully integrates all three dimensions of the NGSS, yet also maintains academic rigor in addressing the core content relating to magnetism and forces at a distance. The following list describes what the lesson has to offer students:

1.  Could be adapted well for either middle or high school students. 
2. Provides significant opportunity for student modeling of abstract concepts.
3. Elicits prior knowledge in a meaningful way.
4. Provides real sense-making activities to support the learning of magnetism (a difficult concept for most kids).
5. Helps kids form accurate conceptions of magnetic field.
6. Promotes understanding of the connection between magnetism and force.



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.
	The lesson provides numerous ways for students to interact with multiple phenomena and to develop their own representation of magnetic field. The teacher demonstration "Modeling a Magnet" provides the phenomenon of watching iron filings move when a magnet is brought close by. The activities "Seeing Magnetism", "How Can You Make a Magnet?" and "How Can You Make a Compass?" allow students to manipulate materials to explore phenomena first-hand. In the "Magnet Map" activity, students construct their own representation of invisible magnetic field lines by using a Magnaprobe device to map the area of a magnet's influence.

The "Magnet Map" activity blends the Practice "Developing and Using Models" with MS-PS2.B.iii (magnetic field) and HS-PS2.B.ii (Fields Permeate Space). Practice #3 (Planning and Carrying Out Investigations) blends with all three cited Disciplinary Core Ideas (MS-PS2.B.i, MS-PS2.B.iii, and HS-PS2.B.ii). The "Seeing Magnetism" activity blends the Practice "Constructing Explanations" with MS-PS2.B.i (magnetic forces can be attractive or repulsive). Practice #4 (Analyzing and Interpreting Data) blends well with both experiments on magnets and compasses. Practice #6 (Constructing Explanations) intersects very well with the activity "Exploring the Properties of the Magnaprobe", which aligns with DCI MS-PS2.B.iii (forces at a distance) and HS-PS2.B.ii (magnetic field).

This lesson does not introduce Engineering Design standards. It is intended as an introduction to the basics of attraction/repulsion and strength of magnetic field.
	As suggested above, this the lesson could be even more powerful with the introduction of digital representations (i.e., computer models and simulations). 


	Develops deeper understanding of the practices, disciplinary core ideas, and crosscutting concepts by identifying and building on students’ prior knowledge.
	This is a great strength of this lesson. The following activities help meet this criteria:

1. Introductory activity:  "Seeing Magnetism", students journal about their prior notions of magnetism, why magnetism happens, and what it does to the interacting objects.

2. Elicitation activity:  "What Do You Know about Magnets" Predicting. In this activity, students make predictions about which materials will be magnetic and which will not. 
3.  Additional Prediction: Prior to each experiment, the students make written predictions about how to magnetize a nail and how to make a compass out of materials provided.
4. Reflection: After doing the experimentation, students reflect and provide written responses about the accuracy of their predictions and, if they were incorrect, what was wrong with the initial reasoning.
	None.


	Uses scientifically accurate and grade-appropriate scientific information, phenomena, and representations to support students’ three-dimensional learning.
	Answer should be yes with a caveat. The lesson lacks vocabulary support and opportunities for "close reading" of scientific text related to the core content. Otherwise, every component of the lesson is scientifically accurate in its depiction of phenomena, its representations, and its support for the three dimensions.
	Suggest embedding vocabulary support and brief background information on magnetic field. With the trend away from textbooks, it is especially important for digital lessons to provide opportunity for "close reading" of scientific or technical text that supports the key ideas in the core content. If this isn't feasible, a link to high-quality background information elsewhere on the web would be acceptable.

	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 almost every juncture of the lesson, students have opportunities for expression and interpretation, either orally or in writing:

1. Journaling activity: students express their prior knowledge in writing
2. Teacher Demonstration (Modeling a Magnet):  students engage in discussion to clarify understanding
3.  Experiments: Students’ first do written predictions to express what they think will happen, then they work cooperatively to interpret data, and finally, respond to peer and teacher feedback orally and in writing.
4. Modeling activity (Magnet Map):  students engage in extended discussion to sift through ideas about why the magnetic field lines appear as they do.
5. "Exploring the Properties of the Magnaprobe" Question Set -- students engage in extended written response to express their understanding of phenomena, construct explanations, justify their reasoning, and interpret experimental results.
	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.
	The lesson does not address home/community connections.

The text portions for student reading scored a 72.44 on the Flesch-Kincaid Readability Index, corresponding to grade level 5. While this may seem inappropriately low, it also means that teachers can immediately use this resource "as is" and be reassured that almost all their students can participate.


Some students at the middle school level will struggle greatly with the idea of an invisible force that makes objects attract or repel each other. They will have great difficulty differentiating magnetism from gravity. The lesson simply does not contain additional support so teachers will know how to provide appropriate scaffolding.

	Authentic connections are always preferable. Most communities have some technologies in place that rely on magnetic interactions, even though it may not be something as readily obvious as a Mag-Lev train. A simple link would be sufficient.
The following is a list of additional improvements:

1.	 Provide vocabulary support
2.	 Consider a Spanish version
3.	 Insert a paragraph to help visually impaired students participate in the Magnet Map activity
4.	Additional background information for teachers on magnetic field line patterns
5.	Additional background information for students at the reading level of Grades 5-8 
6.	Embed simulations from PhET as suggested above to help struggling students visualize magnetic interactions:

PhET  "Magnet and Compass"
http://phet.colorado.edu/en/simulation/magnet-and-compass
PhET "Magnets and Electromagnets"
http://phet.colorado.edu/en/simulation/magnets-and-electromagnets

See suggestions above for embedding interactive simulations from PhET and The Concord Consortium.






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.
	Although the guidance is not explicitly spelled out as an intersection with NGSS, the lesson guides teachers to understand how each lesson builds cumulatively and specifically guides them in teaching about data analysis and modeling.
	None.





Summary of Observations and Suggestions for Improvement:

This lesson provides comprehensive instructional support for teachers without being preachy or prescriptive. The teacher background information is quite well written and detailed, yet not tedious or overwhelming. Although there are no huge concerns, the lesson would benefit from additional guidance for helping struggling learners and vocabulary support components.




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.
	Assessments and their alignments:
Journal activity "Seeing Magnetism":  assesses Practice "Constructing Explanations" and Core Idea MS-PS2.B.i (attraction/repulsion)

Prediction Activity "What Do You Know About Magnets":  assesses Practice "Constructing Explanations" and Core Idea MS-PS2.B.i

Experiments "How Can You Make a Magnet" and "How Can You Make A Compass" assess Practices of "Planning and Carrying out Investigations" and "Analyzing and Interpreting Data", Crosscutting Concept "Cause and Effect" and DCIs MS-PS2.B.i, MS-PS2.B.iii, and HS-PS2.B.ii.

Modeling activity "Magnet Map":  Assesses Practice "Developing and Using Models", Crosscutting Concepts "Patterns" and "Structure and Function", and DCIs MS-PS2.B.iii and HS-PS2.B.ii.

"Exploring the Properties of the Magnaprobe" question set:  assesses Practices "Analyzing and Interpreting Data" and "Constructing Explanations", Crosscutting Concepts "Cause and Effect" and "Structure and Function", and all three DCIs mentioned above.
	None.


	Elicits direct, observable evidence of students’ performance of practices connected with their understanding of core ideas and crosscutting concepts.
	The way the lesson is designed, the teacher has ample opportunity to directly observe student performance of practices connected with DCIs and Crosscutting concepts. The experiments provide opportunity for direct observation of student performance of all three dimensions. The journals, Magnet Map activity, and "Exploring the Properties of the Magnaprobe" activity provide evidence through written products produced by the students. The Magnet Map activity specifically provides rich opportunities for teachers to assess student understanding of two key things: (1) Can students follow directions to develop a physical model of a phenomenon, and (2) Can students demonstrate their understanding of the abstract concept of magnetic field?
	None. 

	Formative assessments of three-dimensional learning are embedded throughout the instruction.
	Journaling activity -- formative assessment of prior knowledge of magnetism and its effect on interacting objects
Teacher Demonstration -- a written formative assessment elicits student responses about what happened and why
Prediction Activity ("What Do You Know About Magnets?"):  as students make predictions, it provides formative assessment on their abilities to ask scientific questions
Experiments:  the lesson provides a short "Data Analysis" formative assessment and short question sets for students to construct explanations related to all three covered DCIs.

Magnet Map:  the self-constructed physical models are, in themselves, an authentic assessment of students' ability to engage in the practice of developing models
Magnaprobe activity and related extended-response questions:  though this might be considered more summative in nature, this activity also qualifies as a way to assess student understanding at the end of the unit.
	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.
	Although rubrics are not included, the lesson provides Teacher Tips at intervals throughout its entirety, placed strategically within each formative assessment. Answers are also provided, along with guidance in possible ways students might deviate from correct responses.
	None.

	Assessing student proficiency using methods, vocabulary, representations, and examples that are accessible and unbiased for all students.
	A better response would be "yes and no". The designated grade level for this activity is Grades 6-12. The Flesch-Kincaid Readability Index for all activities and assessments within this lesson was 72.44 (corresponding with Grade 5). The lesson was clearly developed to be accessible to students with special needs and/or reading disabilities. However, the level of the lesson may present a bias toward the gifted/talented learner, who is capable of a deeper level of understanding. In addition, though the lesson adequately addresses reading level, it does not provide ways to adequately assess kids who just don't get the ideas of magnetism.
	The following ideas may help improve the lesson:

1. Create a set of assessment materials with the gifted/talented audience in mind.

2. Provide modified assessment approaches for students who do not understand the underlying core content, even though they are capable of reading the text material.






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.
	Journaling activity -- formative assessment of prior knowledge of magnetism and its affect on interacting objects
Teacher Demonstration -- a written formative assessment elicits student responses about what happened and why
Prediction Activity ("What Do You Know About Magnets?"):  as students make predictions, it provides formative assessment on their abilities to ask scientific questions
Experiments:  the lesson provides a short "Data Analysis" formative assessment and short question sets for students to construct explanations related to the 3 covered DCIs.
Magnet Map:  the self-constructed physical models are, in themselves, an authentic assessment of students' ability to engage in the practice of developing models
Magnaprobe activity and related extended-response questions:  though this might be considered more summative in nature, this activity also qualifies as a way to assess student understanding at the end of the unit.
	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.
	Multiple opportunities to demonstrate performance of Practices include:

Conducting two experiments
Data analysis related to experimental results
Student-constructed physical models to enhance understanding of magnetic field lines
Extended-Response Assessment allows students to construct and justify explanations of magnetic field interactions
	None. 





Summary of Observations and Suggestions for Improvement:

Overall, this lesson is almost totally turn-key in terms of assessment. It provides pre-assessment guidance, formative assessment is embedded at each critical juncture, and there is a summative assessment at the end of the lesson. The only suggestions are to include a means to assess progress of gifted/talented learners and learners who struggle with the core content. The lesson lends itself to differentiated instruction as it provides a broad variety of multisensory experiences and ways for students to demonstrate proficiency beyond simple written tasks.

Overall Summary Comments:

This lesson should be required for every middle school physical science course, and repeated in 9th grade physical science. The activities are engaging, fun, and challenging enough to keep the learners' attention. It masterfully tackles a topic that is often the source of student confusion: what is magnetism and how does it work? Through a creative modeling activity, the lesson brings the concept of magnetic field lines within the intellectual grasp of a middle school student. The lesson also serves to make critical connections between magnetism and force, and to differentiate magnetism from gravity. It is very well supported with best-practice instructional methods and a plethora of assessment tools.

