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	[image: ]Unit Topic: Electricity and Magnetism
Estimated Time: 2 Weeks

This Launch Unit is designed to address a possible gap between 5th Grade Science and 6th Grade Science.

	Standards

	S5P2. Obtain, evaluate, and communicate information to investigate electricity. 
a. Obtain & combine information from multiple sources to explain the difference between naturally occurring electricity (static) & human harnessed electricity. 
b. Design a complete, simple electric circuit, & explain all necessary components. 
c. Plan and carry out investigations on common materials to determine if they are insulators or conductors of electricity. 
S5P3. Obtain, evaluate and communicate information about magnetism & its relationship to electricity. a. Construct an argument based on experimental evidence to communicate the differences in function & purpose of an electromagnet & magnet. 
b. Plan & carry out an investigation to observe the interaction between a magnetic field and a magnetic object.
Click here to see the Electricity and Magnetism Learning Progression – Appendix A

	Science and Engineering Practices & Crosscutting Concepts: See Appendix B

	Teacher Background Knowledge

	· Electric forces and magnetic forces are different aspects of a single electromagnetic interaction. 
· Such forces can be attractive or repulsive, depending on the relative sign of the electric charges involved, the direction of current flow, and the orientation of magnets. 
· The forces’ magnitudes depend on the magnitudes of the charges, currents, and magnetic strengths as well as on the distances between the interacting objects. 
· All objects with electrical charge or magnetization are sources of electric or magnetic fields and can be affected by the electric or magnetic fields of other such objects. 
· Attraction and repulsion of electric charges at the atomic scale explain the structure, properties, and transformations of matter and the contact forces between material objects. 
· Coulomb’s law provides the mathematical model to describe and predict the effects of electrostatic forces (relating to stationary electric charges or fields) between distant objects.
· Forces that act at a distance (gravitational, electric, and magnetic) can be explained by force fields that extend through space and can be mapped by their effect on a test object (a ball, a charged object, or a magnet, respectively).
· Magnets can exert forces on other magnets or on magnetizable materials, causing energy transfer between them (e.g., leading to changes in motion) even when the objects are not touching.
· Electric and magnetic fields also contain energy; any change in the relative positions of charged objects (or in the positions or orientations of magnets) changes the fields between them and thus the amount of energy stored in those fields. 
· When a particle in a molecule of solid matter vibrates, energy is continually being transformed back and forth between the energy of motion and the energy stored in the electric and magnetic fields within the matter. 
· Energy can be transferred from place to place by electric currents, which can then be used locally to produce motion, sound, heat, or light. The currents may have been produced to begin with by transforming the energy of motion into electrical energy (e.g., moving water driving a spinning turbine which generates electric currents).
Source: National Research Council. 2012. A Framework for K-12 Science Education: Practices, Crosscutting Concepts, and Core Ideas. Washington, DC: The National Academies Press. https://doi.org/10.17226/13165.

	Big Ideas/Enduring Understandings: 
· Non-contact forces include magnetic, electric, and gravitational.
· Non-contact forces can act a distance; but will strengthen or weaken based on the properties of the interacting matter.
· Matter can have a positive, negative, or neutral charge. Matter is typically neutral. However, the movement of electrons within the atoms of matter can temporarily change the charge.
· When matter interacts with non-contact forces, like charges repel while unlike charges attract.
· Magnetic and electric forces are similar in that both their presence and strength are based on the movement of electrons around the nucleus of an atom.
· Matter consisting of iron or nickel can be easily magnetized. This can occur because the electrons in these atoms tend to move in the same direction.
· The electrons in some matter will more easily move around. These are known as conductors. Matter with electrons less willing to move around are known as insulators.
· Non-contact forces occur naturally; but can also be human engineered.
· Humans combine forces to engineer solutions to various problems (e.g. temporary magnet, manufacture electricity to support energy transformations).
	Essential Questions:
· How does that work exactly?
         …..lightning?
         …..electricity in our houses?
· How did we get from lightning to power plants/electricity in our houses?
· How do birds know where to migrate?

	Vocabulary: (Synonymous to Concepts)
Noncontact Forces                    Attraction/Repulsion                              Electricity (static, current) 
Electric Force                              Circuit (open, closed, series, parallel) Electromagnetism
Magnetic Force                          Conductor/Insulator                               Atom (proton, neutron, electron)
Gravitational Force (transition concept)

	Literature Connections:
The Boy Who Invented TV: The Story of Philo Farnsworth by Kathleen Krull
Young Thomas Edison by Sterling North
Electrical Wizard: How Nikola Tesla Lit Up the World by Elizabeth Rusch
The Shocking World of Electricity with Max Axiom by Liam O’Donnell
That Magnetic Dog by Bruce Whatley
How Ben Franklin Stole the Lightning by Rosalyn Schanzer
	 STEM Career Connections:


	Materials and Safety Considerations:
**Lessons are designed with simplicity in mind. Full materials lists and safety considerations can be found if you look below for “Click here for full lesson.”
	 Distance Learning Options: 
**Pieces of the lessons that can easily be adapted or used as-is for distance learning are highlighted below

	Lesson Components

	PHENOMENA
(Storyline Approach to Transitioning into MS Earth Science Unit 1: Astronomy)

	TOPIC 1: Obtain, evaluate, and communicate information to investigate electricity.
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	TOPIC 2: Obtain, evaluate and communicate information about magnetism & its relationship to electricity.
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	TOPIC 3: Plan & carry out an investigation to observe the interaction between a magnetic field and a magnetic object.
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	ENGAGE

	Topics 1 & 2 merged in order to efficiently investigate the content, as well as, allow the storyline to be cohesive.
	TOPIC 1: Obtain, evaluate, and communicate information to investigate electricity.

	TOPIC 2: Obtain, evaluate and communicate information about magnetism & its relationship to electricity.


· Show students the above images (lightning bolts, power lines) side by side and provide several minutes of thinking in the “alone zone.”
· Ask students to draw the images at the top of their papers and jot down a few descriptors for each. For example:
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	white-blue
	

	
	

	
	

	
	


· Show additional images of phenomena. Provide time for students to categorize them as either more like the lightning or more like the power line. (Possible images inserted below) Encourage students to simply write/label each photo to include in their list. For example, “boy sliding.”
· Provide time for students to engage in partner conversation to discuss their decisions and reasons. 
Model partner conversation aloud and make a conversation starter sentence visible (on the board/screen). For example, “I chose to put the _____________ under the __lightning/power lines__ because ________.” 
Then model for students how to show their partner that they listened to their contribution and either agree/disagree. For example, “I also thought the _______ should go under the ____________ but I thought it should go for a different reason. I thought it should go there because ________.”
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Facilitate large group coversation using the following prompts:
· Allow volunteers to share their decisions/reasons for the phenomena shown. 
· Was there anything I showed you that may have fit under both categories? Allow students to engage in partner conversations to make a decision, and then allow a volunteer to provide any overlapping phenomena.
· How did you decide to distinguish one category over the other?
· Are there any words you know that may allow us to give these groups specific names? Allow students to engage in partner conversations to consider this, and then allow a volunteer to provide any ideas.
· There are two words people will use that might help us. The word static, which means to stay still. Then there is also the word, current, which means flowing in a definite direction, like an ocean current. Allow students to engage in partner conversations to consider this, and then allow a volunteer to provide their ideas.
· If students have not already indicated that one category occurs naturally and the other is human engineered, than also ask the question If we need to distinguish between one naturally occurring and one engineered by humans, which group would be labeled accordingly?
· Transition into the explore phase by providing time for students to record any questions they might have about any of the phenomena you have presented to them. Consider the use of a Jamboard, Nearpod, etc. for students to post their questions.
· After reading students’ questions summarize them all by saying, so one thing we are all kind of wanting to know is, “How do these things work? How do they do they happen?”
	TOPIC 3: Plan & carry out an investigation to observe the interaction between a magnetic field and a magnetic object.

Show students the model of Earth’s magnetic field. Provide time for individual consideration of the model. Encourage students to critique the model: consider what the model does a good job of showing, and then to consider what the model does not do a good job of explaining.

Provide time for partner conversation to critique the model. Set the expectation that each partner must show that they were listening and contribute something new. Consider modeling the rules for conversation. 

For example,
Student A: I noticed that the model does a good job of pointing out that there are 2 north poles.
Student B: Yea! I noticed that too, but I also thought it didn’t do a good job of telling me why there were 2 north poles. I thought there was just one.

Facilitate large group conversation. Allow volunteers to first share parts of their critique. Then prompt students to generate questions that can be investigated. For example:
Based on the things you noticed were not explained well in the model, are you wondering about anything?

Record student wonderings in a place visible for all or consider the use of a Jamboard, Nearpod, etc. for students to post their questions.

The following questions can be anticipated:
Why are there 2 north and south poles?
Why is it brighter at the poles?
Why do the lines go out so far?
Why is the Earth magnetic anyway?
Is magnetism what keeps everything on Earth?
Is magnetism why the earth spins?
Make explicit the learning objective: better understand magnetic forces and properties because this will help us understand earth’s place in space, as well as, a bunch of other “stuff” we will learn about this year. Transition to the explore phase by assessing student current understanding of magnets. Consider using S5P2.3-Electricity and Magnetism-Lesson 1-PROBE.

	EXPLORE

	· Links in the explain phase include both the explore/explain for these two topics.
	Students explore magnetic force and properties, as well as, begin to formalize explanations via:
· S5P2.3-Electricity and Magnetism-Lesson 1-Amazing Magnet Stations
· S5P2.3-Electricity and Magnetism-Lesson 1-Amazing Magnets Lab Sheet

	EXPLAIN

	TOPIC 1: Obtain, evaluate, and communicate information to investigate electricity.
	TOPIC 2: Obtain, evaluate and communicate information about magnetism & its relationship to electricity.
	TOPIC 3: Plan & carry out an investigation to observe the interaction between a magnetic field and a magnetic object.

	It's Shocking
Students discover why things cling and the differences between human-harnessed and static electricity. They will do several hands-on activities to better understand attraction, repulsion, static electricity, and human-harnessed electricity.
· S5P2.3-Electricity and Magnetism-Lesson 3-Static Electricity Stations Recording Sheet
Teacher Hint: In these provided lesson plans, you will modify the provided phenomenon to incorporate those phenomena you have previously engaged students in thinking about.  
	It’s Electric
Students learn about electricity, electric currents, and electric circuits. They create simple circuits and fill out graphic organizers to explore electric currents, circuits, and switches.
--transitions into magnetism via…
Magic Magnets
Students learn about how electricity and magnetism are connected. They will create several different electromagnets to see if they can determine what makes the strongest electromagnet and conduct experiments with permanent and manmade magnets.
S5P2.3-Electricity and Magnetism-Lesson 2-Magic Magnets Lab

	In the alone zone, students revisit the Magnetic Personality probe and change any of their answers, using a new color pen or marker. Then in partner conversations students compare/discuss answers. Large group conversation then facilitated to address any inconsistencies between partnerships and/or clarify understandings as needed.

Students then re-visit the initial model of Earth’s magnetic field, adding to/taking away new information based on knowledge acquired in the explore phase.

Students then acquire more information as needed using the following resources:
HMH Textbook pages 250-253
https://www.khanacademy.org/science/physics/magnetic-forces-and-magnetic-fields/magnets-magnetic/v/introduction-to-magnetism
https://www.nasa.gov/vision/earth/lookingatearth/29dec_magneticfield.html
Students revise their models based on obtained information.

	EXPAND

	TOPIC 1: Obtain, evaluate, and communicate information to investigate electricity.
Read Aloud/Video Aloud Now and Ben: The Modern Inventions of Benjamin Franklin by Gene Barretta https://youtu.be/EK_4XA8OZZA
	TOPIC 2: Obtain, evaluate and communicate information about magnetism & its relationship to electricity.
Read Aloud/Video Aloud When Charlie McButton Lost Power by Suzanne Collins
Book in PDF with Explicit Reading Strategies:
https://www.pearsonsuccessnet.com/temp-images/scorm/rdg10/na/en/0-328-73641-4/A21554/pdf/RSEN11_G3U1W1_ms.pdf
Video:
https://youtu.be/S-Jx2Rl5EqI 
	· TOPIC 3: Plan & carry out an investigation to observe the interaction between a magnetic field and a magnetic object.
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Provide time for students to analyze the map of bird migration patterns. Ask students if they know of other birds that migrate. Read aloud the beginning portion of the article How Do Birds Navigate? from https://ssec.si.edu/stemvisions-blog/how-do-birds-navigate: If you were lost in the middle of the woods and could not see the Sun, you might use a compass to try to decide which direction to take. A magnetic compass needle lines itself up with Earth’s magnetic field and points roughly north and south: from that, you can figure out east and west, too. Because this works fairly well, people have been using magnetic compasses to find their way for about 1,000 years.
But how do other animals find their way? How do they navigate when it is cloudy?
Ask students to consider all that they have learned thus far to write a prediction about how birds and other animals navigate/migrate. Provide time for students to jot their thoughts, and then allow any volunteers to share their initial thinking.
Allow time for students to individually finish reading the article, and then add to/take away from their jots based on the textual evidence.
Summarize with student volunteers sharing the possible explanations and making explicit the nature of science as an ongoing endeavor set to make sense of how the world works.

	ADDITIONAL RESOURCES

	STEM Challenges
· 
	Science Probes
· Batteries, Bulbs, and Wires
· Magnets in Water
· Talking About Forces
	Picture Perfect Sci
· Magnetic Dog
· 
	  Mystery Science









	ASSESSMENT

	Students add new details to graphic organizer from engage phase. Anticipate/support students toward the following:
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	white-blue
	No color

	Static
	Current

	Build-up of electrons
	Bumping electrons

	Occurs naturally, usually because of friction
	Requires conductors, things (matter) with electrons ready to jump around

	Occurs quickly
	Magnets can strengthen electric force; like an electromagnetic generator in power plants

	Stops interacting with matter when the charges are neutral
	Requires a closed circuit to make something turn “on” or “work”




After students have agreed upon their distinguishing factors for static and current electricity, present them with a new scenario/problem. Provide time for students to construct an explanation to the phenomenon, as well as, explain a possible solution.

New Scenario: Yesterday when my mom plugged in the vacuum cleaner, the outlet sparked. It left a black mark on the outlet and then the outlet wouldn’t work. So, my mom plugged the vacuum into a different outlet, and it worked safely. 
What might have caused the outlet to spark when my mom tried to plug in the vacuum?
What could you do to easily fix the outlet (with the help/supervision of an adult)?
	· Students develop final models of Earth’s magnetic field to include labels/explanations of the following:
-role of electric current through Earth’s core
-motion of various matter that is part of Earth’s composition
-phases of various matter that is part of Earth’s composition
-approximate location of geographic poles versus geomagnetic poles
-caption that explains how each label collectively constructs an explanation of earth’s magnetic field.

Bonus Labeling/Possible Explanation in Caption: Include the migration pattern of a bird that migrates through Georgia.

	Differentiation: 
**Click on full versions of lessons listed above for specific suggestions for differentiation
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APPENDIX A

Disciplinary Core Idea: Physical Science Learning Progression
Electricity & Magnetism
	1st Grade
	5th 

	8th
	High School Physical Science

	S1P2. Obtain, evaluate, & communicate information to demonstrate the effects of magnets on other magnets & other objects. 
a. Construct an explanation of how magnets are used in everyday life. (Clarification statement: Everyday life uses could include refrigerator magnets, toys, magnetic latches, and name tags.) 
b. Plan and carry out an investigation to demonstrate how magnets attract and repel each other and the effect of magnets on common objects.
	S5P2. Obtain, evaluate, and communicate information to investigate electricity. 
a. Obtain and combine information from multiple sources to explain the difference between naturally occurring electricity (static) and human-harnessed electricity. 
b. Design a complete, simple electric circuit, and explain all necessary components.
c. Plan and carry out investigations on common materials to determine if they are insulators or conductors of electricity. 

S5P3. Obtain, evaluate, and communicate information about magnetism and its relationship to electricity. 
a. Construct an argument based on experimental evidence to communicate the differences in function and purpose of an electromagnet and a magnet. (Clarification statement: Function is limited to understanding temporary and permanent magnetism.) 
b. Plan and carry out an investigation to observe the interaction between a magnetic field and a magnetic object. (Clarification statement: The interaction should include placing materials of various types (wood, paper, glass, metal, and rocks) and thickness between the magnet and the magnetic object.)
	S8P5. Obtain, evaluate, and communicate information about gravity, electricity, and magnetism as major forces acting in nature. 
a. Construct an argument using evidence to support the claim that fields (i.e., magnetic fields, gravitational fields, and electric fields) exist between objects exerting forces on each other even when the objects are not in contact.
b. Plan and carry out investigations to demonstrate the distribution of charge in conductors and insulators. 
(Clarification statement: Include conduction, induction, and friction.) 
c. Plan and carry out investigations to identify the factors (e.g., distance between objects, magnetic force produced by an electromagnet with varying number of wire turns, varying number or size of dry cells, and varying size of iron core) that affect the strength of electric and magnetic forces. (Clarification statement: Including, but not limited to, generators or motors.)
	SPS10. Obtain, evaluate, and communicate information to explain the properties of and relationships between electricity and magnetism. 
a. Use mathematical and computational thinking to support a claim regarding relationships among voltage, current, and resistance. 
b. Develop and use models to illustrate and explain the conventional flow (direct and alternating) of current and the flow of electrons in simple series and parallel circuits. (Clarification statement: Advantages and disadvantages of series and parallel circuits should be addressed.) 
c. Plan and carry out investigations to determine the relationship between magnetism and the movement of electrical charge. (Clarification statement: Investigations could include electromagnets, simple motors, and generators.)
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APPENDIX B
Science and Engineering Practices: Based on the fourth quarter standards, there may be a gap in the understanding of the following Science and Engineering Practices:
Obtaining, Evaluating, and Communicating Information: Scientists and engineers must be able to communicate clearly and persuasively the ideas and methods they generate. Critiquing and communicating ideas individually and in groups is a critical professional activity. Communicating information and ideas can be done in multiple ways: using tables, diagrams, graphs, models, and equations as well as orally, in writing, and through extended discussions. Scientists and engineers employ multiple sources to obtain information that is used to evaluate the merit and validity of claims, methods, and designs.
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The Earth's Magnetic Field
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Obtaining,   Evaluating,   and   Communicating   Information:   Scientists   and   engineers   must   be   able   to   communicate   clearly   and   persuasively   the   ideas   and   methods   they   generate.   Critiquing   and   communicating   ideas   individually   and   in   groups   is   a   critical   professional   activity.   Communicating   information   and   ideas   can   be   done   in   multiple   ways:   using   tables,   diagrams,   graphs,   models,   and   equations   as   well   as   orally,   in   writing,   and   through   extended   discussions.   Scientists   and   engineers   employ   multiple   sources   to   obtain   information   that   is   used   to   evaluate   the   merit   and   validity   of   claims,   methods,   and   designs.    

K – 2   Condensed Practices  3 – 5   Condensed  Practices  6 – 8   Condensed Practices  9 – 12   Condensed Practices  

Obtaining,   evaluating,   and   communicating   information   in   K – 2   builds   on   prior experiences   and   uses   observations   and   texts   to   communicate   new   information.  Obtaining,   evaluating,   and   communicating   information   in   3 – 5   builds   on   K – 2  experiences   and   progresses   to   evaluating   the   merit   and   accuracy   of   ideas   and   methods.  Obtaining,   evaluating,   and   communicating   information   in   6 – 8   builds   on   K – 5   experiences   and   progresses   to   evaluating   the   merit   and   validity   of   ideas   and   methods.  Obtaining,   evaluating,   and   communicating   information   in   9 – 12   builds   on   K – 8   experiences   and   progresses   to   evaluating   the   validity  and   reliability  of   the   claims,   methods,   and designs.  

   Read   grade - appropriate   texts   and/or use   media  to   obtain   scientific   and/or   technical   information   to   determine   patterns   in   and/or evidence   about  the   natural   and   designed   world(s).     Read   and   comprehend   grade - appropriate   complex   texts   and/or   other   reliable   media   to   summarize   and   obtain   scientific   and   technical   ideas   and   describe   how   they   are   supported   by evidence.      Compare   and/or   combine   across complex   texts   and/or   other reliable   media   to   support   the   engagement   in   other   scientific   and/or   engineering   practices.     Critically   read scientific   texts   adapted   for   classroom   use   to   determine   the   central   ideas   and/or   obtain   scientific   and/or   technical   information   to   describe   patterns   in   and/or   evidence   about   the   natural   and   designed   world(s).     Critically   read scientific   literature   adapted   for   classroom   use   to   determine   the   central   ideas   or   conclusions   and/or   to   obtain   scientific and/or   technical   information   to   summarize   complex   evidence,   concepts,   processes,   or   information   presented   in   a   text   by   paraphrasing   them   in   simpler   but   still   accurate   terms.  

   Describe   how   specific   images   (e.g.,   a   diagram   showing   how   a   machine   works)   support   a   scientific  or   engineering   idea.     Combine   information   in   written   text   with   that   contained   in   corresponding   tables,   diagrams,   and/or   charts   to   support   the   engagement in   other scientific   and/or   engineering   practices.     Integrate   qualitative   and/or   quantitative   scientific   and/or   technical   information   in   written   text   with   that   contained   in   media   and   visual   displays   to   clarify claims   and   findings.     Compare,   integrate   and   evaluate sources   of   information   presented   in   different   media   or   formats   (e.g.,   visually, quantitatively)   as  well   as   in   words   in   order to address   a   scientific question   or   solve  a   problem.  

   Obtain   information   using   various   texts,   text   features   (e.g.,   headings,   tables   of   contents,   glossaries,   electronic   menus,   icons),   and   other   media   that  will   be   useful   in   answering   a   scientific question   and/or supporting   a   scientific   claim.     Obtain   and   combine   information   from   books   and/or   other   reliable   media   to   explain   phenomena  or   solutions   to   a   design   problem.     Gather,   read,   synthesize   information   from   multiple   appropriate sources   and   assess   the   credibility,   accuracy,   and   possible bias   of   each   publication   and   methods   used, and   describe   how   they   are   supported  or   not   supported   by evidence.      Evaluate   data,   hypotheses,   and/or   conclusions   in   scientific   and   technical   texts   in   light   of   competing   information   or   accounts.     Gather,   read,   and   evaluate   scientific   and/or   technical   information   from   multiple   authoritative   sources,   assessing   the   evidence   and   usefulness   of   each   source.      Evaluate   the   validity   and   reliability  of   and/or   synthesize   multiple   claims,   methods,   and/or   designs   that   appear   in scientific   and   technical   texts   or   media   reports,   verifying   the   data   when   possible.  

   Communicate   information   or   design   ideas   and/or   solutions   with   others   in   oral   and/or   written   forms   using   models,   drawings,   writing,  or   numbers   that   provide detail   about   scientific   ideas,   practices,   and/or   design   ideas.     Communicate   scientific   and/or   technical   information   orally   and/or   in   written   formats,   including   various   forms   of   media   and   may   include   tables, diagrams,   and   charts.           information   (e.g.   about   a   proposed   object,   tool,   process,   system)   in   writing   and/or   through   oral   presentations.     Communicate   scientific   and/or   technical   information   or   ideas   (e.g.   about   phenomena   and/or   the   process   of   development   and   the   design   and   performance   of   a   proposed   process   or   system)   in   multiple   formats   (including   orally,   graphically,   textually,   and   mathematically).  
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Crosscutting   Concepts   in   the Georgia Standards of  Excellence    

K - 2  3 - 5  6 - 8  9 - 12  

Patterns:  Observed patterns   in nature guide organization  and   classification  and   prompt   questions   about   relationships   and   causes   underlying   them.  

   Patterns   in   the   natural   and   human   designed   world   can   be   observed,   used   to   describe   phenomena, and   used   as   evidence.     Similarities   and   differences   in   patterns can   be   used   to   sort,   classify, communicate   and   analyze   simple   rates   of   change   for   natural   phenomena   and   designed   products.      Patterns   of   change   can   be   used   to   make   predictions.      Patterns can   be   used   as   evidence   to   support   an   explanation.     Macroscopic   patterns are   related   to   the   nature   of   microscopic and   atomic - level   structure.      Patterns   in   rates   of   change   and   other   numerical   relationships can   provide   information   about   natural   and   human   designed   systems.      Patterns can   be   used  to  identify   cause   and   effect   relationships.      Graphs, charts, and   images can   be   used   to  identify   patterns  in  data.     Different patterns  may   be   observed   at   each   of   the   scales   at   which   a   system  is  studied   and   can   provide   evidence   for   causality   in   explanations   of phenomena.      Classifications   or   explanations   used   at   one   scale   may   fail   or   need   revision   when   information   from   smaller   or   larger   scales   is   introduced;   thus   requiring   improved   investigations   and   experiments.      Patterns   of   performance   of   designed   systems   can   be   analyzed   and   interpreted   to   reengineer   and   improve   the   system.      Mathematical   representations are   needed   to  identify   some   patterns.      Empirical   evidence   is   needed   to  identify patterns.  

Cause and Effect: Mechanism   and Prediction:  Events   have   causes,   sometimes simple,   sometimes   multifaceted.   Deciphering causal   relationships,   and   the   mechanisms   by which they   are  mediated,   is   a   major   activity of   science  and   engineering.  

   Events have   causes  that   generate   observable   patterns.      Simple   tests   can   be   designed   to   gather   evidence   to   support or   refute   student ideas   about   causes.     Cause   and   effect   relationships are   routinely   identified, tested, and   used   to   explain   change.      Events that occur   together   with   regularity   might   or   might   not   be   a   cause   and   effect   relationship.     Relationships can   be   classified   as   causal   or   correlational, and   correlation   does   not   necessarily   imply   causation.      Cause   and   effect   relationships   may be   used   to   predict   phenomena   in  natural   or   designed   systems.      Phenomena   may   have   more   than   one   cause,   and   some   cause   and   effect   relationships   in   systems   can   only   be   described   using   probability.     Empirical   evidence   is   required   to  differentiate   between   cause   and   correlation   and   make   claims   about   specific causes and   effects.      Cause   and   effect   relationships can   be   suggested   and   predicted   for   complex   natural   and   human   designed   systems   by examining   what   is   known   about   smaller   scale   mechanisms   within   the   system.      Systems   can   be   designed   to   cause   a  desired   effect.      Changes   in   systems   may   have   various causes that   may   not   have   equal   effects.  

Scale,   Proportion,   and Quantity:   In   considering  phenomena,   it   is critical   to   recognize what   is   relevant   at   different   size,   time,   and   energy scales,   and   to   recognize  proportional   relationships   between   different   quantities   as scales  change.  

   Relative   scales   allow   objects   and   events   to  be   compared   and   described   (e.g., bigger   and   smaller;   hotter   and   colder; faster   and   slower).      Standard   units are   used   to   measure   length.                           Natural   objects and/or   observable   phenomena   exist  from   the   very   small  to   the   immensely   large   or   from   very short  to   very long   time   periods.      Standard   units are   used   to   measure   and   describe   physical   quantities such   as weight,   time,   temperature,   and   volume.     Time, space, and   energy phenomena   can   be   observed   at   various scales   using   models  to   study   systems   that   are   too   large   or   too   small.      The   observed   function   of  natural   and   designed   systems   may   change   with   scale.      Proportional   relationships   (e.g.,  speed   as the   ratio   of   distance   traveled   to   time   taken)   among   different   types   of   quantities   provide   information   about the   magnitude   of   properties   and   processes.      Scientific   relationships   can   be   represented   through   the   use   of algebraic   expressions   and   equations.      Phenomena   that   can   be   observed  at   one   scale   may   not   be   observable   at   another   scale.     The   significance   of  a  phenomenon   is  dependent   on   the   scale,   proportion,   and   quantity at which   it   occurs.      Some   systems   can   only   be   studied   indirectly   as they are   too   small, too   large,   too   fast,   or   too   slow   to  observe   directly.      Patterns   observable   at   one   scale   may   not   be   observable   or   exist at   other   scales.      Using   the   concept of orders   of   magnitude   allows   one   to  understand   how   a  model   at   one   scale   relates to   a   model   at another   scale.      Algebraic   thinking   is   used   to  examine   scientific   data   and   predict the   effect   of   a   change   in  one   variable   on   another   (e.g.,   linear   growth   vs.   exponential   growth).  
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Systems   and System   Models:  A   system   is   an organized group of   related   objects   or   components;   models   can be used for   understanding   and predicting the  behavior   of   systems.  

   Objects   and   organisms   can   be   described   in   terms  of their   parts.      Systems   in   the   natural   and   designed   world   have   parts  that  work   together.     A   system  is a  group   of related   parts that   make   up   a  whole   and   can   carry  out   functions  its individual   parts cannot.      A   system can   be   described   in   terms   of   its   components   and   their   interactions.     Systems   may   interact   with   other   systems; they   may   have   sub - systems   and   be   a   part   of larger   complex   systems.      Models   can   be   used   to   represent  systems   and   their   interactions — such   as inputs,   processes and   outputs — and   energy, matter, and   information   flows   within   systems.      Models   are   limited   in   that they  only   represent   certain   aspects   of   the   system   under   study.     Systems   can   be   designed   to   do   specific tasks.      When   investigating   or   describing   a   system,   the   boundaries and   initial   conditions   of   the   system   need   to  be   defined   and   their   inputs and   outputs  analyzed   and   described   using   models.      Models   (e.g.,   physical,   mathematical, computer   models)   can   be   used   to   simulate   systems   and   interactions — including   energy, matter,   and   information   flows — within   and   between   systems   at different scales.      Models   can   be   used   to   predict   the   behavior of   a   system, but   these   predictions   have   limited   precision   and   reliability due   to   the   assumptions   and   approximations  inherent   in   models.  

Energy   and Matter: Flows,   Cycles,   and Conservation:   Tracking  energy   and matter   flows,   into,   out   of,   and   within systems   helps   one   understand their   system’s   behavior.  

   Objects  may   break  into   smaller   pieces, be   put   together   into   larger   pieces,   or   change   shapes.     Matter   is   made   of   particles.      Matter   flows   and   cycles can   be   tracked   in   terms  of the   weight   of   the   substances   before   and   after   a  process   occurs.   The   total   weight   of   the   substances   does   not   change.   This   is   what   is   meant   by   conservation   of   matter.   Matter   is   transported   into, out   of,   and   within   systems.      Energy can   be   transferred   in  various   ways   and   between   objects.     Matter   is   conserved   because   atoms   are   conserved   in  physical   and   chemical   processes.      Within   a   natural   or   designed   system,   the   transfer   of   energy drives the   motion   and/or   cycling   of   matter.      Energy   may   take   different forms   (e.g.   energy  in   fields,  thermal   energy,  energy   of motion).      The   transfer   of energy can   be   tracked   as   energy   flows   through   a  designed   or   natural   system.     The   total   amount   of   energy and   matter   in   closed   systems   is   conserved.      Changes   of   energy and   matter   in   a  system   can   be   described   in   terms of  energy and   matter   flows   into,   out   of,   and   within   that   system.      Energy cannot be   created   or   destroyed — only   moves   between   one   place   and   another   place,   between   objects   and/or   fields, or   between   systems.      Energy drives   the   cycling   of   matter   within   and   between   systems.      In  nuclear   processes,   atoms   are   not   conserved,   but   the   total   number   of   protons plus   neutrons   is   conserved.  

Structure and Function:  The way  an   object   is   shaped   or   structured determines   many of   its   properties   and   functions.  

   The   shape   and   stability of   structures of natural   and   designed   objects   are   related   to   their   function(s).     Different   materials have   different   substructures, which   can   sometimes   be   observed.      Substructures   have   shapes and   parts   that   serve   functions     Complex   and   microscopic  structures   and   systems   can   be   visualized, modeled, and   used   to   describe   how   their   function   depends on   the   shapes,   composition,   and   relationships among   its   parts;   therefore, complex   natural   and   designed   structures/systems   can   be   analyzed   to  determine   how   they function.      Structures can   be   designed   to   serve   particular   functions by taking   into   account   properties   of   different   materials,   and   how   materials   can   be   shaped   and   used .     Investigating   or   designing   new   systems   or   structures requires   a   detailed   examination   of the   properties of different materials, the   structures of different  components,   and   connections of components   to  reveal   its function   and/or   solve   a  problem.      The   functions   and   properties   of   natural   and   designed   objects   and   systems   can   be   inferred   from   their   overall   structure, the   way   their   components   are   shaped   and   used,   and   the   molecular   substructures   of   its various materials.  

Stability   and Change:  For   both designed and  natural   systems,   conditions   that   affect   stability  and   factors   that   control   rates   of   change   are critical   elements   to   consider   and   understand..  

   Some   things   stay   the   same   while   other   things   change.      Things  may   change   slowly   or   rapidly     Change   is  measured   in   terms   of   differences   over   time   and   may   occur   at   different rates.      Some   systems   appear   stable,   but   over   long   periods   of   time   will   eventually   change.     Explanations   of stability and   change   in  natural   or   designed   systems   can   be   constructed   by   examining   the   changes over   time   and   forces   at   different scales,  including   the   atomic scale.      Small  changes   in   one   part of   a   system   might   cause   large   changes   in   another   part.      Stability   might   be   disturbed   either   by sudden   events   or   gradual changes that  accumulate   over   time.      Systems   in  dynamic   equilibrium   are   stable   due   to   a  balance   of   feedback mechanisms.     Much   of science   deals   with   constructing   explanations   of how   things   change   and   how   they remain   stable.      Change   and   rates   of   change   can   be   quantified   and   modeled   over   very short   or   very long   periods of time. Some   system   changes   are   irreversible.      Feedback (negative   or   positive)   can   stabilize   or   destabilize   a   system.      Systems   can   be   designed   for   greater   or   lesser   stability  
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