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Circuit Study 
 
 
Purpose 
 These activities are intended to develop middle grades student understanding 
of basic circuit characteristics.  Many of the activities build upon previous 
activities asking them to refer back and compare/contrast new data with old to 
determine patterns, so it is important that comprehension is established prior to 
moving on to subsequent Parts.   
 
 
Prior Knowledge and Timing 
 It would be beneficial for students to be familiar with the following topics 
prior to conducting the activities planned in Circuit Study: 

-Energy Forms 
ex: Potential Energy, Kinetic Energy, Mechanical Energy, etc.   

-Energy Transformations 
ex: Chemical energy of battery transformed into mechanical    
       energy.   

-Electrical Nature of Matter 
ex: Atomic Theory, Atomic Charges, Static Electricity, etc.   

 
 
 
 
Introduction and Circuit Symbols 
 Make sure that students are familiar with the following Symbols prior to 
starting these activities.  Writing the symbols on the board, or having the kids 
make a key as a reference, is recommended.  
 

                        
       

        open        closed 
   bulb           switch             switch     resistor       
 
 

                      
           L.E.D. 
1.5v cell(battery)          capacitor      Light Emitting Diode 
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It is also important to introduce the key aspects of electrical conduction: 
 
Current(I):   -the flow of electrons along a conductor 
   -measured in amperes(A) 
 
 
Voltage(V):   -the Potential Energy due to an electron’s position away from 

the ground state 
   -also known as the Potential Difference 
   -measured in volts(v) 
 
Resistance(R):   -property that measures how easily electrons flow through a 

conductor 
 -measured in ohms( ) 
 
 
 
 
 
 
Materials    
Each group will require the following: 
-Copper wire(bare)     -Galvanometer 
-2 Test Bulbs     -electric motor 
-3 (D) Batteries     -hand generator 
-3 (D) battery holders    -Multi-meter 
-1 6v Battery     -Alligator clips 
-1 9v Battery     -strong bar magnet 
-Aluminum Foil Roll    -Freezer paper Roll 
-LED Test Bulb(1.7v, 20mA)   -Broomstick or dowel 
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Recommendations 
In many of the circuits, you may get better results by using the 6v batteries in place of the 

1.5v (D) batteries.  Just be careful not to blow the test bulbs. 
 
Part II A.) Resistance 
 
 This activity may show good results using Ice(Tf = 0 degrees C).  Check to 
see if the resistors you use are sensitive enough.  If they are not, the following 
modifications are suggested.  
 
 

***It is recommended that Part  II A.) be done as a DEMO when using 
the following materials.*** 
-acetone 
-large clear container 
-heavy gloves 
-hammer  
-tongs 
-10 Ohm resistor 
-Dry Ice or Liquid Nitrogen 
 
 
-Dry Ice (Tf = -78.5 degrees C)/Acetone Solution 

Be careful!  This stuff will HURT if it gets on you for too long. This stuff is 
cold.  This can be done by directly touching the resistor to the Dry Ice and holding 
it there as it is connected to the multi-meter. 

This can also be done by placing the resistor in a  -Dry Ice/Acetone Solution 
(Tf = close to  -78.5 degrees C) Using heavy gloves and a hammer break off 
marble to golf ball size chunks of Dry Ice and place it in a Large clear container of 
acetone.  Make sure to only fill the container about ½ way with Acetone as much 
of the Dry Ice will sublimate violently (bubble and the acetone may splash out) on 
contact with the acetone that is at room temperature.  As the Acetone is cooled, 
you can add more Dry Ice without the problem of “violent” sublimation. When the 
sublimation has slowed down you can place the resistor in the solution.  Make sure 
that the leads to the Multi-meter are long enough so the resistor can be dipped into 
the cold solution without your skin contacting the cold acetone. 
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-Liquid Nitrogen(TL = -196 degrees C) 
 Be careful!  This stuff will HURT A LOT WORSE if it gets on you for too 
long.    Pour the Nitrogen into a large pyrite glass beaker.  Normal glass may 
become brittle and break. Again, Make sure that the leads to the Multi-meter are 
long enough so the resistor can be dipped into the cold solution without your skin 
contacting the liquid Nitrogen. 
 
 
Part VIII) Capacitance 

A capacitor is anything that stores electric charge.  In a sense you act as a 
capacitor when you build up an electrostatic charge walking across the rug on a 
cold winter day.   Typically speaking, a capacitor is a component found in 
electrical devices.  Create a “Jelly-Roll” Capacitor by using 2 long sheets of 
Aluminum Foil and 2 insulating sheets of Freezer paper.  Roll all 4 layers around a 
1-2” dowel or broomstick so that the different Al foil layers do NOT touch.  You 
need 2 layers to ensure the Al layers are insulated. This may take a while.  You 
will need to roll about  25 ft of AL Foil.  When you are done rolling twist the 
broomstick to make the layers as close as possible to each other.  Capacitance is 
affected by the distance between the conducting layers.  So, the tighter the roll, the 
greater the capacitance.   Also, an L.E.D. will only light up in one direction.  If the 
bulb doesn’t light up switch the bulb wires around.   
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Circuit Study 
 
I.) Properties of a Wire and a Simple Circuit 
 
 
A.)  A Simple Copper(Cu) Wire 
 

Check the Resistance(R) on a wire that is NOT part of a circuit._________ 
 
Check the Current(I) on a wire that is NOT part of a circuit._________ 
 
Check the Voltage(V) on a wire that is NOT part of a circuit._________ 
 
Feel the wire.  Describe how it feels in the space below. 

 
Place a magnet near the copper wire.  Describe what happens. 

 
B.)  Create the following Simple Circuit using a 1.5v D Battery.  

   
Check the Resistance(R) on a wire that IS part of this circuit._______ 
 
Check the Current(I) on a wire that IS part of this circuit._________ 
 
Check the Voltage(V) on a wire that IS part of this circuit._________ 

 
What do the “+” and “-“ in the circuit above represent? 
 
Feel the wire.  Describe how it feels in the space below. 

 
Place a magnet near the copper wire.  Describe what happens. 

 
 
 
 



 8

C.)  Add an extra 1.5v D Battery to the Circuit in Part I B.) 
Check the Resistance(R) on a wire that IS part of this circuit._________ 
 
Check the Current(I) on a wire that IS part of this circuit._________ 
 
Check the Voltage(V) on a wire that IS part of this circuit._________ 
 
Feel the wire.  Describe how it feels in the space below. 

 
Place a magnet near the copper wire.  Describe what happens. 
 

 Compare Resistance, Current, and Voltage to the Circuit in Part I B.) 
 
 

Draw this Circuit in the space below. 
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Part II:  Resistance 
 
A.)  Place the Resistor on the table. 

 
 

 
Check the Resistance(R) on the Resistor that is NOT part of a circuit.____ 

 
Place the Resistor on a hot plate and heat for 1 min. 
Check the Resistance(R) on this wire that is NOT part of a circuit._______ 
 
Place the Resistor on an Ice Cube for 1 min. 
Check the Resistance(R) on this wire that is NOT part of a circuit._______ 

 
What pattern can you determine from the data? 
 
 
 
 

B.) Create the following circuit using  6v Battery and a 10 Ohm resistor. 
  

        
 
 Feel the wire.  Describe how it feels in the space below. 
 

Feel the resistor.  Describe how it feels in the space below. 
 
What happens when you remove the resistor? 

 
 What is the function of a Resistor? 
 

What do you think would happen if you added another resistor? 
 
Draw this new Circuit with the 2nd resistor below.  
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Part III:  Basic Circuit Properties 
A.)  Create the following Circuit using a 1.5v D Battery. 

 

  
  

Check the Voltage(V) on a wire that IS part of this circuit._________ 
 
What Happens to the Bulb when the circuit is complete?  

 
Place a magnet near the copper wire.  Describe what happens. 
 

 Compare Resistance, Current, and Voltage to the Circuit in Part I B.) 
 
B)  Add an extra 1.5v D Battery to the Circuit in Part II A 
 

Check the Voltage(V) on a wire that IS part of this circuit.________ 
 

What Happens to the Bulb when the circuit is complete?  
 

 
Place a magnet near the copper wire.  Describe what happens. 
 

 
Compare your R, I, and V to your results from the Circuit in Part III A.) 
 
 
Draw this Circuit in the space below.  
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Part IV:  Short Circuits 
A.) Create the following Circuit using a 1.5v D Battery. 

 

   
  

Check the Current(I) on a wire using contact points   A&B.______   
   C&D_____ 

Check the Voltage(V) on a wire using contact points A&B.______   
   C&D_____ 

 
What happens to the Bulb when the above system is complete?  

B.)  Create the following Circuit using a 1.5v D Battery. 
 

 
What happens to the Bulb? 
 
 
C.)  Create the following Circuit using a 1.5v D Battery.  

 
 

                                                     
 
What happens to the Bulbs? 
 
Why do you think this is different than the Circuit in Part IV B.) ? 
 
 
What do we call the unlit circuits in Parts IV A.) & B.)? 
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What is the difference between the circuits in Parts IV A.) & B.)? 
 
 
Explain why the results in circuits in Parts IV A.) & B.) occur. 
 
 
Why do we get the results in IV C.)? 
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Part V:  Types of Circuits 
A.)  Create the following Circuit using a 1.5v D Battery. 

(This is the same as the one you just made) 

             
 
How do we describe this circuit?_________________ 
 
What happens when you disconnect only one bulb? 
 
Why does this occur? 
 
 
 
 
B.)  Create the following Circuit using a 1.5v D Battery.. 
    

                
 
How do we describe this circuit?_______________________ 
 
What happens when you disconnect only one bulb? 
 
Why does this occur? 
 
 
Compare the brightness of the bulbs in Circuits of Part V A.) and V B.)? 
 
 
Why do you think the results occur? 
 
 
Which Type of circuit would you rather have in your Holiday Lights and Why? 
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C.)  Create the following Circuit using two 1.5v D Battery.. 

                                          
 
What is type of circuit called?_________________ 
 
What happens when you disconnect only one battery? 
 
Why does this occur? 
 
 
 
D.)  Create the following Circuit using two 1.5v D Battery.. 

                                          
 
How do we describe this circuit?_________________ 
 
What happens when you disconnect only one battery? 
 
 
Why does this occur? 
 
 
How are the Circuits of Part V C.) and V D.) different?  
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Part VI:  Generators, Galvanometers & Electric Motors 
A.)  Use the electric motor to create the circuit below. 

 

  
 
What happens when you switch the battery around? 
 
  
How is this related to what you learned from Part I B.)? 
 
Describe the energy conversion that is taking place here. 
 
 
 
 
 
 
B.)  Use battery and a Galvanometer to create the circuit below. 

 
 

What happens when you connect the circuit? 
 
What is causing this to occur? 
 
What happens when you turn the battery around? 
 
What is the purpose of a Galvanometer? 
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C.) Use a coil of wires and a Galvanometer to create the circuit below. 
 

     
 

What happens when you move the magnet inside the coil of wires? 
 
 
What happens when you turn the magnet around and do it? 

 
 

What does this imply in regards to the battery used in Part VI B.) ? 
 
 
 
 
D.)  Use the hand generator to create the circuit below.  

 

  
 
What happens when you turn the handle in different directions? 
 
  
How is this related to what you learned from Part I B.)? 
 
Describe the energy conversion that is taking place here. 

 
 
How are a generator and an electric motor related? 
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Part VII:  Circuit Challenge 
Create a Circuit so that the bulb will have a Bright, Dim and Off setting 

using only one 6v Battery.   
 

Draw the circuit below in the low setting after you figure it out.   
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Part VIII:  Capacitance 
A capacitor is an electrical component that stores electric charge.  Create a 

“Jelly-Roll” Capacitor by using 2 long sheets of Aluminum Foil and 2 insulating 
sheets of Freezer paper.  The two layers of freezer paper should be lined up, but the 
layers of Al foil should extend past the paper on opposite ends.  You may need to 
cut the freezer paper to a narrower roll to make sure as much foil is overlapped as 
possible.  Roll all 4 layers around a 1-2” dowel or broomstick so that the different 
Al foil layers do NOT touch.  This may take a while.  You will need to roll about 
25 ft of AL Foil.  When you are done rolling, twist the broomstick to make the 
layers as close as possible to each other.   

The diagrams below will give you the general idea. 

 
 
When completed the capacitor should look as follows: 
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Charge the capacitor by creating the following set-up with a 9v Battery.  Attach the 
leads to the capacitor at the opposite ends of the jelly-roll tube and charge the 
capacitor for 1-2 minutes. 
 
 

     
 
 
Carefully detach the 9v battery so neither the wires nor the Al foil come in contact.  
Using the charged capacitor connect it to an L.E.D.    

 
What happens when the circuit is completed? 
 
 
Recharge and turn the L.E.D. around.  What happens? 
 
 
If it did not light up, reverse the L.E.D. without charging it again.   
 
 
What does this tell you about how an L.E.D. works? 
 
 
Why do you think the L.E.D. only works in 1 direction? 
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Now create the following system with a regular test bulb 

 
 
 
What happens when the circuit is completed? 
 
 
 
If nothing happens turn the bulb around.  What happens then? 
 
 
 
Why did you get these results with this incandescent bulb? 
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Expected Results 
Part I: Properties of a Wire and a Simple Circuit 
 
A.)  A Simple Copper(Cu) Wire 

Check the Resistance(R) on a wire that is NOT part of a circuit. close to 0  
Check the Current(I) on a wire that is NOT part of a circuit _  0 A 
Check the Voltage(V) on a wire that is NOT part of a circuit_  0 v__ 
Feel the wire.  Describe how it feels in the space below. 

  It should feel cool or close to room temp 
Place a magnet near the copper wire.  Describe what happens. 

  Nothing should occur 
B.)  Create the following Simple Circuit using a 1.5v D Battery.  

     
Check the Resistance(R) on a wire that IS part of this circuit. close to 
0  
Check the Current(I) on a wire that IS part of this circuit.__ off the 
scale_ 
Check the Voltage(V) on a wire that IS part of this circuit. close to 1.5 
v_ 

What do the “+” and “-“ in the circuit above represent? 
  the positive and negative ends of a battery 
Feel the wire.  Describe how it feels in the space below. 

  It should feel warmer with 2 batteries 
Place a magnet near the copper wire.  Describe what happens. 

  The copper wire moves when the magnet passes by it 
C.)  Add an extra 1.5v D Battery to the Circuit in Part I B.) 

Check the Resistance(R) on a wire that IS part of this circuit. close to 
0  
Check the Current(I) on a wire that IS part of this circuit. . off the 
scale _ 
Check the Voltage(V) on a wire that IS part of this circuit. . close to 3 
v 

Feel the wire.  Describe how it feels in the space below. 
  It should feel warm 

Place a magnet near the copper wire.  Describe what happens. 
 The Cu wire should move even more 

 Compare Resistance, Current, and Voltage to the Circuit in Part I B.) 
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  R stays the same, V  increases, I  increases but you won’t be able to 
tell 

Draw this Circuit in the space below. 

 
 

Part II:  Resistance and Temperature 
A.)  Simple Resistor 
 

Place the Resistor on the table. 
Check the Resistance(R) on the Resistor that is NOT part of a 
circuit.____ 

         close to  10  
Place the Resistor on a hot plate and heat for 2 min. 

Check the Resistance(R) on this wire that is NOT part of a 
circuit._______ 

       It should increase 
Place the Resistor on an Ice Cube for 1 min. 

Check the Resistance(R) on this wire that is NOT part of a 
circuit._______ 

        It should decrease 
What pattern can you determine from the data? 

  Resistance increases as temp increases,& decreases as Temp 
decreases 
 What is the function of a  Resistor? 
  They reduce the flow of electrons thereby causing less current to 
flow 

 
 

B.) Create the following circuit using  6v Battery and a 10 Ohm resistor. 
  

        
 
 Feel the wire.  Describe how it feels in the space below. 
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  It should be close to room temperature 
Feel the resistor.  Describe how it feels in the space below. 

  It should be very warm to hot 
What happens when you remove the resistor? 

  The bulb should get much brighter  
 What is the function of a Resistor? 
  A resistor slows down the flow of electrons causing a decrease in 
current 
 

What do you think would happen if you added another resistor? 
  He bulb will probably go out 
 

Draw this new Circuit with the 2nd resistor below.  

  Answer:   
Part III:  Basic Circuit Properties 

A.) Create the following Circuit using a 1.5v D Battery 
 

 
Check the Voltage(V) on a wire that IS part of this circuit._ 

should be less than 1.5 v 
What Happens to the Bulb when the circuit is complete?  

  It lights up 
Place a magnet near the copper wire.  Describe what happens. 
 Nothing should happen 

 Compare theVoltage to the Circuit in Part I B.) 
 Voltage should be less than in Part I B.) 

B) Add an extra 1.5v D Battery to the Circuit in Part II A 
 

Check the Voltage(V) on a wire that IS part of this circuit. 
 should be less than 3 v 
 

What Happens to the Bulb when the circuit is complete?  
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It should be brighter 
Place a magnet near the copper wire.  Describe what happens. 
 Nothing should happen 
Compare theVoltage to your results from the Circuit in Part III A.) 
 Voltage should increase when compared to Part III A.) 
Draw this Circuit in the space below.  

         Answer :  
 
 
 
 
 
 
 
 
 
 
 
Part IV:  Short Circuits 
 
A.)  Create the following Circuit using a 1.5v D Battery. 

    
Check the Current(I) on a wire using points       A&B.   0A_  C&D Off the 

scale  
Check the Voltage(V) on a wire using points      A&B._0 v_ C&D close to 

1.5 v 
 

What Happens to the Bulb when the circuit is complete?  
It will remain unlit 
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B.)  Create the following Circuit using a 1.5v D Battery. 
 

 
What Happens to the Bulb? 

It will remain unlit 
 
What is the difference between the circuits in Parts IV A.) & B.)? 
  They are the same only drawn differently.  Maybe one has a longer 
wire, but the basic idea is that the circuit splits only one time. 
 
Explain why the results in circuits in Parts IV A.) & B.) occur. 
  Current will always take the least resistive path.  The bulb will cause 
a resistance so the current will flow through the continuous copper wire. 
 
 
C.)  Create the following Circuit using a 1.5v D Battery.  

 
 

                                                     
 
What Happens to the Bulbs? 

Both bulbs will light.  
Why do you think this is different than the Circuit in Part IV B.) ? 

Parts IV A & B both have short circuits that allow current to pass 
through with out going through the bulb that has resistance.  Remember, 
current always takes the path of least resistance to the ground state 

 
What do we call the unlit circuits in Parts IV A.) & B.)? 

A short circuit 
 

Why do we get the results in IV C.)? 
  The circuit splits, but both wires lead to similar bulbs.  Current will 
flow equally through both.  
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Part V:  Types of Circuits 
A.)  Create the following Circuit using a 1.5v D Battery. 

(This is the same as the one you just made) 

             
How do we describe this circuit?_the bulbs are in a parallel circuit 

 
What happens when you disconnect only one bulb? 

  The other will remain lit 
Why does this occur? 

There is a pathway through the lit bulb from the “+” to “-“ ends of 
the battery.  Or… The circuit is “closed”. 

B.)  Create the following Circuit using a 1.5v D Battery.. 

                
 

How do we describe this circuit?_ the bulbs are in a series circuit 
 
What happens when you disconnect only one bulb? 

  Both bulbs will go out 
Why does this occur? 
 There is NOT a pathway through the lit bulb from the “+” to “-“ 

ends of the battery.  Or… The circuit is “open” 
. 
Compare the brightness of the bulbs in Circuits of Part V A.) and V B.)? 

 the bulbs in Parallel are brighter than those of a series 
Why do you think the results occur? 

 In a series the resistance is of the circuit is doubled.  A Parallel circuit 
separates the resistance of the bulbs along 2 different pathways 

Which Type of circuit would you rather have in your Holiday Lights and 
Why? 
 Lights in parallel would be better because not only would they be brighter, 
but they only the light that was blown would go out.  This tells you which one to 
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replace.  All of the lights would go out in a series and you would have to check 
them all! 
C.)  Create the following Circuit using two 1.5v D Battery.. 

                                          
How do we describe this circuit? the batteries are in Parallel circuit 
 
 
What happens when you disconnect only one battery? 

  The bulb will remain lit and the brightness should not change 
Why does this occur? 

  There is still a closed circuit to the other battery although it will only 
remain lit half as long 
 
D.)  Create the following Circuit using two 1.5v D Battery.. 

                                          
How do we describe this circuit? the batteries are in a series 

 What happens when you disconnect only one battery? 
  The bulb goes out 
 Why does this occur? 

There is NOT a pathway through the lit bulb from the “+” to “-“ 
ends of the battery.  Or… The circuit is “open”. 
How are the Circuits of Part V C.) and Part V D.) different?  

  The batteries in the series circuit will be brighter, but the batteries in 
Parallel will last longer. (Note the bulb in circuit III A) and V C) will have 
the same brightness, but V C) will last longer) 

 
Part VI:  Generators, Galvanometers & Electric Motors 
A.)  Use the electric motor to create the circuit below. 

  



 28

 
What happens when you switch the battery around? 
  The magnet inside the motor spins in the opposite direction 
  
How is this related to what you learned from Part I B.)? 
 A force is created when a electric current is applied near a magnetic field.  
The Cu wire did not have magnetic properties until current was passed through 
it. 
Describe the energy conversion that is taking place here 
 Electrical Energy is being transformed into mechanical energy 
 
 
 
 
 

B.) Use battery and a Galvanometer to create the circuit below. 

 
 

What happens when you connect the circuit? 
  The needle will move 

 
What is causing this to occur? 
  As Electric current passes through the circuit, the electrons try to 

reach the ground state and “push” the needle, which is creating a 
resistance to electron flow.  This potential to “push” is known as Voltage. 

What happens when you turn the battery around? 
 The needle is “pushed” the other way 
What is the purpose of a Galvanometer? 
 It measures the potential difference or Voltage of a Circuit 

 
C.) Use a coil of wires and a Galvanometer to create the circuit below. 

     
What happens when you move the magnet inside the coil of wires? 
 The needle should move 
What happens when you turn the magnet around and do it? 
 The needle should move in the opposite direction 
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What does this imply in regards to using a battery Part VI B.) ? 
 A magnet can be used to push electrons (induce current) along a 

coil of wire. 
   
D.)  Use the hand generator to create the circuit below.  

 

  
What happens when you turn the handle in different directions? 
 the bulb will light in either direction 
  
How is this related to what about a generator? 

The spinning of a magnet induces electrons to move along a wire.  The 
flow of electrons is called electric current.   
Describe the energy conversion that is taking place here. 
 Mechanical Energy is being transformed into Electrical energy 
How are a generator and an electric motor related? 
 A generator and an electric motor are performing opposite energy 
conversions. 
Part VII:  Circuit Challenge 

Create a Circuit so that the bulb will have a Bright, Dim and Off setting 
using only one 6v Battery.   

 
Draw the circuit below in the low setting after you figure it out.   
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Part VIII:  Capacitance 
A capacitor is an electrical component that stores electric charge.  Create a 

“Jelly-Roll” Capacitor by using 2 long sheets of Aluminum Foil and 2 insulating 
sheets of Freezer paper.  The two layers of freezer paper should be lined up, but the 
layers of Al foil should extend past the paper on opposite ends.  You may need to 
cut the freezer paper to a narrower roll to make sure as much foil is overlapped as 
possible.  Roll all 4 layers around a 1-2” dowel or broomstick so that the different 
Al foil layers do NOT touch.  This may take a while.  You will need to roll about 
25 ft of AL Foil.  When you are done rolling, twist the broomstick to make the 
layers as close as possible to each other.   

The diagrams below will give you the general idea. 

 
 
When completed the capacitor should look as follows: 
 
 

 
 
 
 
Charge the capacitor by creating the following set-up with a 9v Battery.  Attach the 
leads to the capacitor at the opposite ends of the jelly-roll tube and charge the 
capacitor for 1-2 minutes. 
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Carefully detach the 9v battery so neither the wires nor the Al foil come in contact.  
Using the charged capacitor connect it to an L.E.D.    

 
What happens when the circuit is completed? 
 2 possible outcomes: 

A-1-the LED should flash quickly.  If they re-connect the circuit again 
before charging, they may get a 2nd flash 

B-it will not flash at all 
 
Recharge and turn the L.E.D. around.  What happens? 
 2 possible outcomes: 

A- it will not flash at all 
B-1-the LED should flash quickly.  If they re-connect the circuit again 

before charging, they may get a 2nd flash  
 
If it did not light up, reverse the L.E.D. without charging it again.   

the LED should flash quickly.  If they re-connect the circuit again before 
charging, they may get a 2nd flash 
 
What does this tell you about how an L.E.D. works? 
 It will only work in 1 direction 
 
Why do you think the L.E.D. only works in 1 direction? 
 In a sense, there is a “+” and a “-“  side to any diode.  Current will push 
the electrons on the negative side to the positive.  If it is hooked up incorrectly 
the electrons of the negative side will be more attracted to the current attached to 
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the voltage source(battery) and will not pass across the diode.  You may want to 
draw these 2 diagrams on the board: 

      electrons are forced to cross  the diode 
 
 
 

   electrons are not “forced” across the diode 
 
Now create the following system with a regular test bulb 

            
 
 
What happens when the circuit is completed? 
  Nothing 
  
If nothing happens turn the bulb around.  What happens then? 
  Nothing 
 
 
Why did you get these results with this incandescent bulb? 
  Incandescent bulbs work differently.  They have a filament that 
crates resistance.  As the current gets “bogged-down” in the resisiting filament it 
heats up and produces light.  The Capacitor discharges so fast that it doesn’t 
have time toheat up the filament.  To do so would require a better capacitor that 
this Aluminum & paper one you just made. 
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Standards 
 
Sunshine State Standards 
The following link is  to an Adobe Acrobat pdf file containing the Science Content Standards: 
Grades 5-8 for the State of Florida 
(http://www.firn.edu/doe/curric/prek12/science6.pdf) 
 
 
National Science Education Standards 
The following pages contain the 
National Science Education Standards (http://www.nap.edu/readingroom/books/nses/) 
Science Content Standards:  Grades 5-8 (http://books.nap.edu/html/nses/html/6d.html) 
developed by the National Research Council, whose members are drawn from the councils of 
the following academies: 
National Academy of Sciences 
National Academy of Engineering 
Institute of  Medicine. 
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Science Content Standards: 5-8 

Science as Inquiry  

CONTENT STANDARD A:  
As a result of activities in grades 5-8, all students should develop  

o Abilities necessary to do scientific inquiry  
o Understandings about scientific inquiry 

 

DEVELOPING STUDENT ABILITIES AND 
UNDERSTANDING  

Students in grades 5-8 should be provided opportunities to engage in full and in partial 
inquiries. In a full inquiry students begin with a question, design an investigation, gather 
evidence, formulate an answer to the original question, and communicate the 
investigative process and results. In partial inquiries, they develop abilities and 
understanding of selected aspects of the inquiry process. Students might, for instance, 
describe how they would design an investigation, develop explanations based on 
scientific information and evidence provided through a classroom activity, or recognize 
and analyze several alternative explanations for a natural phenomenon presented in a 
teacher-led demonstration.  

Students in grades 5-8 can begin to recognize the relationship between explanation and 
evidence. They can understand that background knowledge and theories guide the design 
of investigations, the types of observations made, and the interpretations of data. In turn, 
the experiments and investigations students conduct become experiences that shape and 
modify their background knowledge.  

With an appropriate curriculum and adequate instruction, middle-school students can 
develop the skills of investigation and the understanding that scientific inquiry is guided 
by knowledge, observations, ideas, and questions. Middle-school students might have 
trouble identifying variables and controlling more than one variable in an experiment. 
Students also might have difficulties understanding the influence of different variables in 
an experiment--for example, variables that have no effect, marginal effect, or opposite 
effects on an outcome.  
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Teachers of science for middle-school students should note that students tend to center on 
evidence that confirms their current beliefs and concepts (i.e., personal explanations), and 
ignore or fail to perceive evidence that does not agree with their current concepts. It is 
important for teachers of science to challenge current beliefs and concepts and provide 
scientific explanations as alternatives.  

Several factors of this standard should be highlighted. The instructional activities of a 
scientific inquiry should engage students in identifying and shaping an understanding of 
the question under inquiry. Students should know what the question is asking, what 
background knowledge is being used to frame the question, and what they will have to do 
to answer the question. The students' questions should be relevant and meaningful for 
them. To help focus investigations, students should frame questions, such as "What do 
we want to find out about . . .?", "How can we make the most accurate observations?", "Is 
this the best way to answer our questions?" and "If we do this, then what do we expect 
will happen?"  

 
Students in grades 5-8 can begin to 
recognize the relationship between 
explanation and evidence.  

 

The instructional activities of a scientific inquiry should involve students in establishing 
and refining the methods, materials, and data they will collect. As students conduct 
investigations and make observations, they should consider questions such as "What data 
will answer the question?" and "What are the best observations or measurements to 
make?" Students should be encouraged to repeat data-collection procedures and to share 
data among groups.  

In middle schools, students produce oral or written reports that present the results of their 
inquiries. Such reports and discussions should be a frequent occurrence in science 
programs. Students' discussions should center on questions, such as "How should we 
organize the data to present the clearest answer to our question?" or "How should we 
organize the evidence to present the strongest explanation?" Out of the discussions about 
the range of ideas, the background knowledge claims, and the data, the opportunity arises 
for learners to shape their experiences about the practice of science and the rules of 
scientific thinking and knowing.  

The language and practices evident in the classroom are an important element of doing 
inquiries. Students need opportunities to present their abilities and understanding and to 
use the knowledge and language of science to communicate scientific explanations and 
ideas. Writing, labeling drawings, completing concept maps, developing spreadsheets, 
and designing computer graphics should be a part of the science education. These should 
be presented in a way that allows students to receive constructive feedback on the quality 
of thought and expression and the accuracy of scientific explanations.  

This standard should not be interpreted as advocating a "scientific method." The 
conceptual and procedural abilities suggest a logical progression, but they do not imply a 
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rigid approach to scientific inquiry. On the contrary, they imply codevelopment of the 
skills of students in acquiring science knowledge, in using high-level reasoning, in 
applying their existing understanding of scientific ideas, and in communicating scientific 
information. This standard cannot be met by having the students memorize the abilities 
and understandings. It can be met only when students frequently engage in active 
inquiries.  

GUIDE TO THE CONTENT STANDARD  

Fundamental abilities and concepts that underlie this standard include  

ABILITIES NECESSARY TO DO SCIENTIFIC INQUIRY  

IDENTIFY QUESTIONS THAT CAN BE ANSWERED THROUGH SCIENTIFIC 
INVESTIGATIONS. Students should develop the ability to refine and refocus broad and 
ill-defined questions. An important aspect of this ability consists of students' ability to 
clarify questions and inquiries and direct them toward objects and phenomena that can be 
described, explained, or predicted by scientific investigations. Students should develop 
the ability to identify their questions with scientific ideas, concepts, and quantitative 
relationships that guide investigation.  

DESIGN AND CONDUCT A SCIENTIFIC INVESTIGATION. Students should 
develop general abilities, such as systematic observation, making accurate measurements, 
and identifying and controlling variables. They should also develop the ability to clarify 
their ideas that are influencing and guiding the inquiry, and to understand how those 
ideas compare with current scientific knowledge. Students can learn to formulate 
questions, design investigations, execute investigations, interpret data, use evidence to 
generate explanations, propose alternative explanations, and critique explanations and 
procedures.  

USE APPROPRIATE TOOLS AND TECHNIQUES TO GATHER, ANALYZE, 
AND INTERPRET DATA. The use of tools and techniques, including mathematics, 
will be guided by the question asked and the investigations students design. The use of 
computers for the collection, summary, and display of evidence is part of this standard. 
Students should be able to access, gather, store, retrieve, and organize data, using 
hardware and software designed for these purposes.  

DEVELOP DESCRIPTIONS, EXPLANATIONS, PREDICTIONS, AND MODELS 
USING EVIDENCE. Students should base their explanation on what they observed, and 
as they develop cognitive skills, they should be able to differentiate explanation from 
description--providing causes for effects and establishing relationships based on evidence 
and logical argument. This standard requires a subject matter knowledge base so the 
students can effectively conduct investigations, because developing explanations 
establishes connections between the content of science and the contexts within which 
students develop new knowledge.  

THINK CRITICALLY AND LOGICALLY TO MAKE THE RELATIONSHIPS 
BETWEEN EVIDENCE AND EXPLANATIONS. Thinking critically about evidence 
includes deciding what evidence should be used and accounting for anomalous data. 
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Specifically, students should be able to review data from a simple experiment, summarize 
the data, and form a logical argument about the cause-and-effect relationships in the 
experiment. Students should begin to state some explanations in terms of the relationship 
between two or more variables.  

See the example entitled "Pendulums"  

RECOGNIZE AND ANALYZE ALTERNATIVE EXPLANATIONS AND 
PREDICTIONS. Students should develop the ability to listen to and respect the 
explanations proposed by other students. They should remain open to and acknowledge 
different ideas and explanations, be able to accept the skepticism of others, and consider 
alternative explanations.  

COMMUNICATE SCIENTIFIC PROCEDURES AND EXPLANATIONS. With 
practice, students should become competent at communicating experimental methods, 
following instructions, describing observations, summarizing the results of other groups, 
and telling other students about investigations and explanations.[See Teaching Standard 
B]  

USE MATHEMATICS IN ALL ASPECTS OF SCIENTIFIC INQUIRY. 
Mathematics is essential to asking and answering questions about the natural world. 
Mathematics can be used to ask questions; to gather, organize, and present data; and to 
structure convincing explanations.[See Program Standard C]  

UNDERSTANDINGS ABOUT SCIENTIFIC INQUIRY  

o Different kinds of questions suggest different kinds of scientific investigations. 
Some investigations involve observing and describing objects, organisms, or 
events; some involve collecting specimens; some involve experiments; some 
involve seeking more information; some involve discovery of new objects and 
phenomena; and some involve making models.  

o Current scientific knowledge and understanding guide scientific investigations. 
Different scientific domains employ different methods, core theories, and 
standards to advance scientific knowledge and understanding.  

o Mathematics is important in all aspects of scientific inquiry.  
o Technology used to gather data enhances accuracy and allows scientists to 

analyze and quantify results of investigations.  
o Scientific explanations emphasize evidence, have logically consistent arguments, 

and use scientific principles, models, and theories. The scientific community 
accepts and uses such explanations until displaced by better scientific ones. When 
such displacement occurs, science advances.  

o Science advances through legitimate skepticism. Asking questions and querying 
other scientists' explanations is part of scientific inquiry. Scientists evaluate the 
explanations proposed by other scientists by examining evidence, comparing 
evidence, identifying faulty reasoning, pointing out statements that go beyond the 
evidence, and suggesting alternative explanations for the same observations.  

o Scientific investigations sometimes result in new ideas and phenomena for study, 
generate new methods or procedures for an investigation, or develop new 
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technologies to improve the collection of data. All of these results can lead to new 
investigations. 

Physical Science  

CONTENT STANDARD B:  
As a result of their activities in grades 5-8, all students should develop an 
understanding of  

o Properties and changes of properties in matter  
o Motions and forces  
o Transfer of energy 

DEVELOPING STUDENT UNDERSTANDING  

In grades 5-8, the focus on student understanding shifts from properties of objects and 
materials to the characteristic properties of the substances from which the materials are 
made. In the K-4 years, students learned that objects and materials can be sorted and 
ordered in terms of their properties. During that process, they learned that some 
properties, such as size, weight, and shape, can be assigned only to the object while other 
properties, such as color, texture, and hardness, describe the materials from which objects 
are made. In grades 5-8, students observe and measure characteristic properties, such as 
boiling points, melting points, solubility, and simple chemical changes of pure substances 
and use those properties to distinguish and separate one substance from another.  

Students usually bring some vocabulary and primitive notions of atomicity to the science 
class but often lack understanding of the evidence and the logical arguments that support 
the particulate model of matter. Their early ideas are that the particles have the same 
properties as the parent material; that is, they are a tiny piece of the substance. It can be 
tempting to introduce atoms and molecules or improve students' understanding of them 
so that particles can be used as an explanation for the properties of elements and 
compounds. However, use of such terminology is premature for these students and can 
distract from the understanding that can be gained from focusing on the observation and 
description of macroscopic features of substances and of physical and chemical reactions. 
At this level, elements and compounds can be defined operationally from their chemical 
characteristics, but few students can comprehend the idea of atomic and molecular 
particles.  

 
In grades 5-8, students observe and 
measure characteristic properties, 
such as boiling and melting points, 
solubility, and simple chemical 
changes of pure substances, and use 
those properties to distinguish and 
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separate one substance from another. 
 

 

The study of motions and the forces causing motion provide concrete experiences on 
which a more comprehensive understanding of force can be based in grades 9-12. By 
using simple objects, such as rolling balls and mechanical toys, students can move from 
qualitative to quantitative descriptions of moving objects and begin to describe the forces 
acting on the objects. Students' everyday experience is that friction causes all moving 
objects to slow down and stop. Through experiences in which friction is reduced, 
students can begin to see that a moving object with no friction would continue to move 
indefinitely, but most students believe that the force is still acting if the object is moving 
or that it is "used up" if the motion stops. Students also think that friction, not inertia, is 
the principle reason objects remain at rest or require a force to move. Students in grades 
5-8 associate force with motion and have difficulty understanding balanced forces in 
equilibrium, especially if the force is associated with static, inanimate objects, such as a 
book resting on the desk.  

See the example entitled "Funny Water"  

The understanding of energy in grades 5-8 will build on the K-4 experiences with light, 
heat, sound, electricity, magnetism, and the motion of objects. In 5-8, students begin to 
see the connections among those phenomena and to become familiar with the idea that 
energy is an important property of substances and that most change involves energy 
transfer. Students might have some of the same views of energy as they do of force--that 
it is associated with animate objects and is linked to motion. In addition, students view 
energy as a fuel or something that is stored, ready to use, and gets used up. The intent at 
this level is for students to improve their understanding of energy by experiencing many 
kinds of energy transfer.  

GUIDE TO THE CONTENT STANDARD  

Fundamental concepts and principles that underlie this standard include  

PROPERTIES AND CHANGES OF PROPERTIES IN MATTER  

o A substance has characteristic properties, such as density, a boiling point, and 
solubility, all of which are independent of the amount of the sample. A mixture of 
substances often can be separated into the original substances using one or more 
of the characteristic properties.  

o Substances react chemically in characteristic ways with other substances to form 
new substances (compounds) with different characteristic properties. In chemical 
reactions, the total mass is conserved. Substances often are placed in categories or 
groups if they react in similar ways; metals is an example of such a group.  

o Chemical elements do not break down during normal laboratory reactions 
involving such treatments as heating, exposure to electric current, or reaction with 
acids. There are more than 100 known elements that combine in a multitude of 
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ways to produce compounds, which account for the living and nonliving 
substances that we encounter.  

MOTIONS AND FORCES  

o The motion of an object can be described by its position, direction of motion, and 
speed. That motion can be measured and represented on a graph.[See Content 
Standard D (grades 5-8)]  

o An object that is not being subjected to a force will continue to move at a constant 
speed and in a straight line.  

o If more than one force acts on an object along a straight line, then the forces will 
reinforce or cancel one another, depending on their direction and magnitude. 
Unbalanced forces will cause changes in the speed or direction of an object's 
motion.  

TRANSFER OF ENERGY  

o Energy is a property of many substances and is associated with heat, light, 
electricity, mechanical motion, sound, nuclei, and the nature of a chemical. 
Energy is transferred in many ways.  

o Heat moves in predictable ways, flowing from warmer objects to cooler ones, 
until both reach the same temperature.  

o Light interacts with matter by transmission (including refraction), absorption, or 
scattering (including reflection). To see an object, light from that object--emitted 
by or scattered from it--must enter the eye.  

o Electrical circuits provide a means of transferring electrical energy when heat, 
light, sound, and chemical changes are produced.  

o In most chemical and nuclear reactions, energy is transferred into or out of a 
system. Heat, light, mechanical motion, or electricity might all be involved in 
such transfers.[ See Unifying Concepts and Processes]  

o The sun is a major source of energy for changes on the earth's surface. The sun 
loses energy by emitting light. A tiny fraction of that light reaches the earth, 
transferring energy from the sun to the earth. The sun's energy arrives as light 
with a range of wavelengths, consisting of visible light, infrared, and ultraviolet 
radiation. 

Life Science  

CONTENT STANDARD C:  
As a result of their activities in grades 5-8, all students should develop 
understanding of  

o Structure and function in living systems  
o Reproduction and heredity  
o Regulation and behavior  
o Populations and ecosystems  
o Diversity and adaptations of organisms 
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DEVELOPING STUDENT UNDERSTANDING  

In the middle-school years, students should progress from studying life science from the 
point of view of individual organisms to recognizing patterns in ecosystems and 
developing understandings about the cellular dimensions of living systems. For example, 
students should broaden their understanding from the way one species lives in its 
environment to populations and communities of species and the ways they interact with 
each other and with their environment. Students also should expand their investigations 
of living systems to include the study of cells. Observations and investigations should 
become increasingly quantitative, incorporating the use of computers and conceptual and 
mathematical models. Students in grades 5-8 also have the fine-motor skills to work with 
a light microscope and can interpret accurately what they see, enhancing their 
introduction to cells and microorganisms and establishing a foundation for developing 
understanding of molecular biology at the high school level.  

Some aspects of middle-school student understanding should be noted. This period of 
development in youth lends itself to human biology. Middle-school students can develop 
the understanding that the body has organs that function together to maintain life. 
Teachers should introduce the general idea of structure-function in the context of human 
organ systems working together. Other, more specific and concrete examples, such as the 
hand, can be used to develop a specific understanding of structure-function in living 
systems. By middle-school, most students know about the basic process of sexual 
reproduction in humans. However, the student might have misconceptions about the role 
of sperm and eggs and about the sexual reproduction of flowering plants. Concerning 
heredity, younger middle-school students tend to focus on observable traits, and older 
students have some understanding that genetic material carries information.  

Students understand ecosystems and the interactions between organisms and 
environments well enough by this stage to introduce ideas about nutrition and energy 
flow, although some students might be confused by charts and flow diagrams. If asked 
about common ecological concepts, such as community and competition between 
organisms, teachers are likely to hear responses based on everyday experiences rather 
than scientific explanations. Teachers should use the students' understanding as a basis to 
develop the scientific understanding.  

Understanding adaptation can be particularly troublesome at this level. Many students 
think adaptation means that individuals change in major ways in response to 
environmental changes (that is, if the environment changes, individual organisms 
deliberately adapt).  

GUIDE TO THE CONTENT STANDARD  

Fundamental concepts and principles that underlie this standard include  

STRUCTURE AND FUNCTION IN LIVING SYSTEMS  

o Living systems at all levels of organization demonstrate the complementary 
nature of structure and function. Important levels of organization for structure and 
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function include cells, organs, tissues, organ systems, whole organisms, and 
ecosystems.[See Unifying Concepts and Processes]  

o All organisms are composed of cells--the fundamental unit of life. Most 
organisms are single cells; other organisms, including humans, are multicellular.  

o Cells carry on the many functions needed to sustain life. They grow and divide, 
thereby producing more cells. This requires that they take in nutrients, which they 
use to provide energy for the work that cells do and to make the materials that a 
cell or an organism needs.  

o Specialized cells perform specialized functions in multicellular organisms. 
Groups of specialized cells cooperate to form a tissue, such as a muscle. Different 
tissues are in turn grouped together to form larger functional units, called organs. 
Each type of cell, tissue, and organ has a distinct structure and set of functions 
that serve the organism as a whole.  

o The human organism has systems for digestion, respiration, reproduction, 
circulation, excretion, movement, control, and coordination, and for protection 
from disease. These systems interact with one another.  

o Disease is a breakdown in structures or functions of an organism. Some diseases 
are the result of intrinsic failures of the system. Others are the result of damage by 
infection by other organisms. 

REPRODUCTION AND HEREDITY  

o Reproduction is a characteristic of all living systems; because no individual 
organism lives forever, reproduction is essential to the continuation of every 
species. Some organisms reproduce asexually. Other organisms reproduce 
sexually.  

o In many species, including humans, females produce eggs and males produce 
sperm. Plants also reproduce sexually--the egg and sperm are produced in the 
flowers of flowering plants. An egg and sperm unite to begin development of a 
new individual. That new individual receives genetic information from its mother 
(via the egg) and its father (via the sperm). Sexually produced offspring never are 
identical to either of their parents.  

o Every organism requires a set of instructions for specifying its traits. Heredity is 
the passage of these instructions from one generation to another.  

o Hereditary information is contained in genes, located in the chromosomes of each 
cell. Each gene carries a single unit of information. An inherited trait of an 
individual can be determined by one or by many genes, and a single gene can 
influence more than one trait. A human cell contains many thousands of different 
genes.  

o The characteristics of an organism can be described in terms of a combination of 
traits. Some traits are inherited and others result from interactions with the 
environment. 

REGULATION AND BEHAVIOR  

o All organisms must be able to obtain and use resources, grow, reproduce, and 
maintain stable internal conditions while living in a constantly changing external 
environment.  
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o Regulation of an organism's internal environment involves sensing the internal 
environment and changing physiological activities to keep conditions within the 
range required to survive.  

o Behavior is one kind of response an organism can make to an internal or 
environmental stimulus. A behavioral response requires coordination and 
communication at many levels, including cells, organ systems, and whole 
organisms. Behavioral response is a set of actions determined in part by heredity 
and in part from experience.  

o An organism's behavior evolves through adaptation to its environment. How a 
species moves, obtains food, reproduces, and responds to danger are based in the 
species' evolutionary history. 

POPULATIONS AND ECOSYSTEMS  

o A population consists of all individuals of a species that occur together at a given 
place and time. All populations living together and the physical factors with 
which they interact compose an ecosystem.  

o Populations of organisms can be categorized by the function they serve in an 
ecosystem. Plants and some micro-organisms are producers--they make their own 
food. All animals, including humans, are consumers, which obtain food by eating 
other organisms. Decomposers, primarily bacteria and fungi, are consumers that 
use waste materials and dead organisms for food. Food webs identify the 
relationships among producers, consumers, and decomposers in an ecosystem.  

o For ecosystems, the major source of energy is sunlight. Energy entering 
ecosystems as sunlight is transferred by producers into chemical energy through 
photosynthesis. That energy then passes from organism to organism in food webs.  

o The number of organisms an ecosystem can support depends on the resources 
available and abiotic factors, such as quantity of light and water, range of 
temperatures, and soil composition. Given adequate biotic and abiotic resources 
and no disease or predators, populations (including humans) increase at rapid 
rates. Lack of resources and other factors, such as predation and climate, limit the 
growth of populations in specific niches in the ecosystem. 

DIVERSITY AND ADAPTATIONS OF ORGANISMS  

o Millions of species of animals, plants, and microorganisms are alive today. 
Although different species might look dissimilar, the unity among organisms 
becomes apparent from an analysis of internal structures, the similarity of their 
chemical processes, and the evidence of common ancestry.  

o Biological evolution accounts for the diversity of species developed through 
gradual processes over many generations. Species acquire many of their unique 
characteristics through biological adaptation, which involves the selection of 
naturally occurring variations in populations. Biological adaptations include 
changes in structures, behaviors, or physiology that enhance survival and 
reproductive success in a particular environment.  

o Extinction of a species occurs when the environment changes and the adaptive 
characteristics of a species are insufficient to allow its survival. Fossils indicate 
that many organisms that lived long ago are extinct. Extinction of species is 
common; most of the species that have lived on the earth no longer exist. 
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Earth and Space Science  

CONTENT STANDARD D:  
As a result of their activities in grades 5-8, all students should develop an 
understanding of  

o Structure of the earth system  
o Earth's history  
o Earth in the solar system 

DEVELOPING STUDENT UNDERSTANDING  

A major goal of science in the middle grades is for students to develop an understanding 
of earth and the solar system as a set of closely coupled systems. The idea of systems 
provides a framework in which students can investigate the four major interacting 
components of the earth system--geosphere (crust, mantle, and core), hydro-sphere 
(water), atmosphere (air), and the biosphere (the realm of all living things). In this 
holistic approach to studying the planet, physical, chemical, and biological processes act 
within and among the four components on a wide range of time scales to change 
continuously earth's crust, oceans, atmosphere, and living organisms. Students can 
investigate the water and rock cycles as introductory examples of geophysical and 
geochemical cycles. Their study of earth's history provides some evidence about co-
evolution of the planet's main features--the distribution of land and sea, features of the 
crust, the composition of the atmosphere, global climate, and populations of living 
organisms in the biosphere.  

By plotting the locations of volcanoes and earthquakes, students can see a pattern of 
geological activity. Earth has an outermost rigid shell called the lithosphere. It is made up 
of the crust and part of the upper mantle. It is broken into about a dozen rigid plates that 
move without deforming, except at boundaries where they collide. Those plates range in 
thickness from a few to more than 100 kilometers. Ocean floors are the tops of thin 
oceanic plates that spread outward from midocean rift zones; land surfaces are the tops of 
thicker, less-dense continental plates.  

Because students do not have direct contact with most of these phenomena and the long-
term nature of the processes, some explanations of moving plates and the evolution of life 
must be reserved for late in grades 5-8. As students mature, the concept of evaporation 
can be reasonably well understood as the conservation of matter combined with a 
primitive idea of particles and the idea that air is real. Condensation is less well 
understood and requires extensive observation and instruction to complete an 
understanding of the water cycle.  

The understanding that students gain from their observations in grades K-4 provides the 
motivation and the basis from which they can begin to construct a model that explains the 
visual and physical relationships among earth, sun, moon, and the solar system. Direct 
observation and satellite data allow students to conclude that earth is a moving, spherical 
planet, having unique features that distinguish it from other planets in the solar system. 
From activities with trajectories and orbits and using the earth-sun-moon system as an 
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example, students can develop the understanding that gravity is a ubiquitous force that 
holds all parts of the solar system together. Energy from the sun transferred by light and 
other radiation is the primary energy source for processes on earth's surface and in its 
hydrosphere, atmosphere, and biosphere.  

By grades 5-8, students have a clear notion about gravity, the shape of the earth, and the 
relative positions of the earth, sun, and moon. Nevertheless, more than half of the 
students will not be able to use these models to explain the phases of the moon, and 
correct explanations for the seasons will be even more difficult to achieve.  

GUIDE TO THE CONTENT STANDARD  

Fundamental concepts and principles that underlie this standard include  

STRUCTURE OF THE EARTH SYSTEM  

o The solid earth is layered with a lithosphere; hot, convecting mantle; and dense, 
metallic core.  

o Lithospheric plates on the scales of continents and oceans constantly move at 
rates of centimeters per year in response to movements in the mantle. Major 
geological events, such as earthquakes, volcanic eruptions, and mountain 
building, result from these plate motions.[ See Content Standard F (grades 5-8) 
]  

o Land forms are the result of a combination of constructive and destructive forces. 
Constructive forces include crustal deformation, volcanic eruption, and deposition 
of sediment, while destructive forces include weathering and erosion.  

o Some changes in the solid earth can be described as the "rock cycle." Old rocks at 
the earth's surface weather, forming sediments that are buried, then compacted, 
heated, and often recrystallized into new rock. Eventually, those new rocks may 
be brought to the surface by the forces that drive plate motions, and the rock cycle 
continues.  

o Soil consists of weathered rocks and decomposed organic material from dead 
plants, animals, and bacteria. Soils are often found in layers, with each having a 
different chemical composition and texture.  

o Water, which covers the majority of the earth's surface, circulates through the 
crust, oceans, and atmosphere in what is known as the "water cycle." Water 
evaporates from the earth's surface, rises and cools as it moves to higher 
elevations, condenses as rain or snow, and falls to the surface where it collects in 
lakes, oceans, soil, and in rocks underground.  

o Water is a solvent. As it passes through the water cycle it dissolves minerals and 
gases and carries them to the oceans.  

o The atmosphere is a mixture of nitrogen, oxygen, and trace gases that include 
water vapor. The atmosphere has different properties at different elevations.  

o Clouds, formed by the condensation of water vapor, affect weather and climate.  
o Global patterns of atmospheric movement influence local weather. Oceans have a 

major effect on climate, because water in the oceans holds a large amount of heat.  
o Living organisms have played many roles in the earth system, including affecting 

the composition of the atmosphere, producing some types of rocks, and 
contributing to the weathering of rocks.  



 46

EARTH'S HISTORY  

o The earth processes we see today, including erosion, movement of lithospheric 
plates, and changes in atmospheric composition, are similar to those that occurred 
in the past. earth history is also influenced by occasional catastrophes, such as the 
impact of an asteroid or comet.  

o Fossils provide important evidence of how life and environmental conditions have 
changed.[ See Content Standard C (grades 5-8)]  

EARTH IN THE SOLAR SYSTEM  

o The earth is the third planet from the sun in a system that includes the moon, the 
sun, eight other planets and their moons, and smaller objects, such as asteroids 
and comets. The sun, an average star, is the central and largest body in the solar 
system.[See Unifying Concepts and Processes]  

o Most objects in the solar system are in regular and predictable motion. Those 
motions explain such phenomena as the day, the year, phases of the moon, and 
eclipses.  

o Gravity is the force that keeps planets in orbit around the sun and governs the rest 
of the motion in the solar system. Gravity alone holds us to the earth's surface and 
explains the phenomena of the tides.  

o The sun is the major source of energy for phenomena on the earth's surface, such 
as growth of plants, winds, ocean currents, and the water cycle. Seasons result 
from variations in the amount of the sun's energy hitting the surface, due to the tilt 
of the earth's rotation on its axis and the length of the day. 

Science and Technology  

CONTENT STANDARD E:  
As a result of activities in grades 5-8, all students should develop  

o Abilities of technological design  
o Understandings about science and technology 

DEVELOPING STUDENT ABILITIES AND 
UNDERSTANDING  

Students in grades 5-8 can begin to differentiate between science and technology, 
although the distinction is not easy to make early in this level. One basis for 
understanding the similarities, differences, and relationships between science and 
technology should be experiences with design and problem solving in which students can 
further develop some of the abilities introduced in grades K-4. The understanding of 
technology can be developed by tasks in which students have to design something and 
also by studying technological products and systems.  

In the middle-school years, students' work with scientific investigations can be 
complemented by activities in which the purpose is to meet a human need, solve a human 
problem, or develop a product rather than to explore ideas about the natural world. The 
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tasks chosen should involve the use of science concepts already familiar to students or 
should motivate them to learn new concepts needed to use or understand the technology. 
Students should also, through the experience of trying to meet a need in the best possible 
way, begin to appreciate that technological design and problem solving involve many 
other factors besides the scientific issues.  

 
In the middle-school years, students' 
work with scientific investigations can 
be complemented by activities that are 
meant to meet a human need, solve a 
human problem, or develop a 
product...  

 

Suitable design tasks for students at these grades should be well-defined, so that the 
purposes of the tasks are not confusing. Tasks should be based on contexts that are 
immediately familiar in the homes, school, and immediate community of the students. 
The activities should be straightforward with only a few well-defined ways to solve the 
problems involved. The criteria for success and the constraints for design should be 
limited. Only one or two science ideas should be involved in any particular task. Any 
construction involved should be readily accomplished by the students and should not 
involve lengthy learning of new physical skills or time-consuming preparation and 
assembly operations.  

See the example entitled "The Egg Drop"  

During the middle-school years, the design tasks should cover a range of needs, 
materials, and aspects of science. Suitable experiences could include making electrical 
circuits for a warning device, designing a meal to meet nutritional criteria, choosing a 
material to combine strength with insulation, selecting plants for an area of a school, or 
designing a system to move dishes in a restaurant or in a production line.  

Such work should be complemented by the study of technology in the students' everyday 
world. This could be achieved by investigating simple, familiar objects through which 
students can develop powers of observation and analysis--for example, by comparing the 
various characteristics of competing consumer products, including cost, convenience, 
durability, and suitability for different modes of use. Regardless of the product used, 
students need to understand the science behind it. There should be a balance over the 
years, with the products studied coming from the areas of clothing, food, structures, and 
simple mechanical and electrical devices. The inclusion of some nonproduct-oriented 
problems is important to help students understand that technological solutions include the 
design of systems and can involve communication, ideas, and rules.  

The principles of design for grades 5-8 do not change from grades K-4. But the 
complexity of the problems addressed and the extended ways the principles are applied 
do change.  
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GUIDE TO THE CONTENT STANDARD  

Fundamental abilities and concepts that underlie this standard include  

ABILITIES OF TECHNOLOGICAL DESIGN  

IDENTIFY APPROPRIATE PROBLEMS FOR TECHNOLOGICAL DESIGN. 
Students should develop their abilities by identifying a specified need, considering its 
various aspects, and talking to different potential users or beneficiaries. They should 
appreciate that for some needs, the cultural backgrounds and beliefs of different groups 
can affect the criteria for a suitable product.[ See Content Standard A (grades 5-8)]  

DESIGN A SOLUTION OR PRODUCT. Students should make and compare different 
proposals in the light of the criteria they have selected. They must consider constraints--
such as cost, time, trade-offs, and materials needed--and communicate ideas with 
drawings and simple models.  

IMPLEMENT A PROPOSED DESIGN. Students should organize materials and other 
resources, plan their work, make good use of group collaboration where appropriate, 
choose suitable tools and techniques, and work with appropriate measurement methods to 
ensure adequate accuracy.  

EVALUATE COMPLETED TECHNOLOGICAL DESIGNS OR PRODUCTS. 
Students should use criteria relevant to the original purpose or need, consider a variety of 
factors that might affect acceptability and suitability for intended users or beneficiaries, 
and develop measures of quality with respect to such criteria and factors; they should also 
suggest improvements and, for their own products, try proposed modifications.  

COMMUNICATE THE PROCESS OF TECHNOLOGICAL DESIGN. Students 
should review and describe any completed piece of work and identify the stages of 
problem identification, solution design, implementation, and evaluation.[See Teaching 
Standard B]  

UNDERSTANDINGS ABOUT SCIENCE AND TECHNOLOGY  

o Scientific inquiry and technological design have similarities and differences. 
Scientists propose explanations for questions about the natural world, and 
engineers propose solutions relating to human problems, needs, and aspirations. 
Technological solutions are temporary; technologies exist within nature and so 
they cannot contravene physical or biological principles; technological solutions 
have side effects; and technologies cost, carry risks, and provide benefits.[ See 
Content Standards A, F, & G (grades 5-8) ]  

o Many different people in different cultures have made and continue to make 
contributions to science and technology.  

o Science and technology are reciprocal. Science helps drive technology, as it 
addresses questions that demand more sophisticated instruments and provides 
principles for better instrumentation and technique. Technology is essential to 
science, because it provides instruments and techniques that enable observations 
of objects and phenomena that are otherwise unobservable due to factors such as 
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quantity, distance, location, size, and speed. Technology also provides tools for 
investigations, inquiry, and analysis.  

o Perfectly designed solutions do not exist. All technological solutions have trade-
offs, such as safety, cost, efficiency, and appearance. Engineers often build in 
back-up systems to provide safety. Risk is part of living in a highly technological 
world. Reducing risk often results in new technology.  

o Technological designs have constraints. Some constraints are unavoidable, for 
example, properties of materials, or effects of weather and friction; other 
constraints limit choices in the design, for example, environmental protection, 
human safety, and aesthetics.  

o Technological solutions have intended benefits and unintended consequences. 
Some consequences can be predicted, others cannot. 

Science in Personal and Social Perspectives  

CONTENT STANDARD F:  
As a result of activities in grades 5-8, all students should develop understanding of  

o Personal health  
o Populations, resources, and environments  
o Natural hazards  
o Risks and benefits  
o Science and technology in society 

DEVELOPING STUDENT UNDERSTANDING  

Due to their developmental levels and expanded understanding, students in grades 5-8 
can undertake sophisticated study of personal and societal challenges. Building on the 
foundation established in grades K-4, students can expand their study of health and 
establish linkages among populations, resources, and environments; they can develop an 
understanding of natural hazards, the role of technology in relation to personal and 
societal issues, and learn about risks and personal decisions. Challenges emerge from the 
knowledge that the products, processes, technologies and inventions of a society can 
result in pollution and environmental degradation and can involve some level of risk to 
human health or to the survival of other species.  

The study of science-related personal and societal challenges is an important endeavor for 
science education at the middle level. By middle school, students begin to realize that 
illness can be caused by various factors, such as microorganisms, genetic predispositions, 
malfunctioning of organs and organ-systems, health habits, and environmental 
conditions. Students in grades 5-8 tend to focus on physical more than mental health. 
They associate health with food and fitness more than with other factors such as safety 
and substance use. One very important issue for teachers in grades 5-8 is overcoming 
students' perceptions that most factors related to health are beyond their control.  

Students often have the vocabulary for many aspects of health, but they often do not 
understand the science related to the terminology. Developing a scientific understanding 
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of health is a focus of this standard. Healthy behaviors and other aspects of health 
education are introduced in other parts of school programs.  

By grades 5-8, students begin to develop a more conceptual understanding of ecological 
crises. For example, they begin to realize the cumulative ecological effects of pollution. 
By this age, students can study environmental issues of a large and abstract nature, for 
example, acid rain or global ozone depletion. However, teachers should challenge several 
important misconceptions, such as anything natural is not a pollutant, oceans are limitless 
resources, and humans are indestructible as a species.  

 
Although students in grades 5-8 have 
some awareness of global issues, 
teachers should challenge 
misconceptions, such as anything 
natural is not a pollutant, oceans are 
limitless resources, and humans are 
indestructible as a species.  

 

Little research is available on students' perceptions of risk and benefit in the context of 
science and technology. Students sometimes view social harm from technological failure 
as unacceptable. On the other hand, some believe if the risk is personal and voluntary, 
then it is part of life and should not be the concern of others (or society). Helping students 
develop an understanding of risks and benefits in the areas of health, natural hazards--and 
science and technology in general--presents a challenge to middle-school teachers.  

Middle-school students are generally aware of science-technology-society issues from the 
media, but their awareness is fraught with misunderstandings. Teachers should begin 
developing student understanding with concrete and personal examples that avoid an 
exclusive focus on problems.  

GUIDE TO THE CONTENT STANDARD  

Fundamental concepts and principles that underlie this standard include  

PERSONAL HEALTH  

o Regular exercise is important to the maintenance and improvement of health. The 
benefits of physical fitness include maintaining healthy weight, having energy and 
strength for routine activities, good muscle tone, bone strength, strong heart/lung 
systems, and improved mental health. Personal exercise, especially developing 
cardiovascular endurance, is the foundation of physical fitness.  

o The potential for accidents and the existence of hazards imposes the need for 
injury prevention. Safe living involves the development and use of safety 
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precautions and the recognition of risk in personal decisions. Injury prevention 
has personal and social dimensions.  

o The use of tobacco increases the risk of illness. Students should understand the 
influence of short-term social and psychological factors that lead to tobacco use, 
and the possible long-term detrimental effects of smoking and chewing tobacco.  

o Alcohol and other drugs are often abused substances. Such drugs change how the 
body functions and can lead to addiction.  

o Food provides energy and nutrients for growth and development. Nutrition 
requirements vary with body weight, age, sex, activity, and body functioning.  

o Sex drive is a natural human function that requires understanding. Sex is also a 
prominent means of transmitting diseases. The diseases can be prevented through 
a variety of precautions.  

o Natural environments may contain substances (for example, radon and lead) that 
are harmful to human beings. Maintaining environmental health involves 
establishing or monitoring quality standards related to use of soil, water, and air.  

POPULATIONS, RESOURCES, AND ENVIRONMENTS  

o When an area becomes overpopulated, the environment will become degraded 
due to the increased use of resources.  

o Causes of environmental degradation and resource depletion vary from region to 
region and from country to country.  

NATURAL HAZARDS  

o Internal and external processes of the earth system cause natural hazards, events 
that change or destroy human and wildlife habitats, damage property, and harm or 
kill humans. Natural hazards include earthquakes, landslides, wildfires, volcanic 
eruptions, floods, storms, and even possible impacts of asteroids.[See Content 
Standard D (grades 5-8)]  

o Human activities also can induce hazards through resource acquisition, urban 
growth, land-use decisions, and waste disposal. Such activities can accelerate 
many natural changes.  

o Natural hazards can present personal and societal challenges because 
misidentifying the change or incorrectly estimating the rate and scale of change 
may result in either too little attention and significant human costs or too much 
cost for unneeded preventive measures.  

RISKS AND BENEFITS  

o Risk analysis considers the type of hazard and estimates the number of people that 
might be exposed and the number likely to suffer consequences. The results are 
used to determine the options for reducing or eliminating risks.  

o Students should understand the risks associated with natural hazards (fires, floods, 
tornadoes, hurricanes, earthquakes, and volcanic eruptions), with chemical 
hazards (pollutants in air, water, soil, and food), with biological hazards (pollen, 
viruses, bacterial, and parasites), social hazards (occupational safety and 
transportation), and with personal hazards (smoking, dieting, and drinking).  



 52

o Individuals can use a systematic approach to thinking critically about risks and 
benefits. Examples include applying probability estimates to risks and comparing 
them to estimated personal and social benefits.  

o Important personal and social decisions are made based on perceptions of benefits 
and risks.  

SCIENCE AND TECHNOLOGY IN SOCIETY  

o Science influences society through its knowledge and world view. Scientific 
knowledge and the procedures used by scientists influence the way many 
individuals in society think about themselves, others, and the environment. The 
effect of science on society is neither entirely beneficial nor entirely detrimental. 
[See Content Standard E (grades 5-8)]  

o Societal challenges often inspire questions for scientific research, and social 
priorities often influence research priorities through the availability of funding for 
research.  

o Technology influences society through its products and processes. Technology 
influences the quality of life and the ways people act and interact. Technological 
changes are often accompanied by social, political, and economic changes that 
can be beneficial or detrimental to individuals and to society. Social needs, 
attitudes, and values influence the direction of technological development.  

o Science and technology have advanced through contributions of many different 
people, in different cultures, at different times in history. Science and technology 
have contributed enormously to economic growth and productivity among 
societies and groups within societies.  

o Scientists and engineers work in many different settings, including colleges and 
universities, businesses and industries, specific research institutes, and 
government agencies.  

o Scientists and engineers have ethical codes requiring that human subjects 
involved with research be fully informed about risks and benefits associated with 
the research before the individuals choose to participate. This ethic extends to 
potential risks to communities and property. In short, prior knowledge and 
consent are required for research involving human subjects or potential damage to 
property.  

o Science cannot answer all questions and technology cannot solve all human 
problems or meet all human needs. Students should understand the difference 
between scientific and other questions. They should appreciate what science and 
technology can reasonably contribute to society and what they cannot do. For 
example, new technologies often will decrease some risks and increase others. 

 
Science and technology have 
advanced through the contributions 
of many different people in different 
cultures at different times in history.  
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History and Nature of Science  

CONTENT STANDARD G:  
As a result of activities in grades 5-8, all students should develop understanding of  

o Science as a human endeavor  
o Nature of science  
o History of science 

DEVELOPING STUDENT UNDERSTANDING  

Experiences in which students actually engage in scientific investigations provide the 
background for developing an understanding of the nature of scientific inquiry, and will 
also provide a foundation for appreciating the history of science described in this 
standard.  

The introduction of historical examples will help students see the scientific enterprise as 
more philosophical, social, and human. Middle-school students can thereby develop a 
better understanding of scientific inquiry and the interactions between science and 
society. In general, teachers of science should not assume that students have an accurate 
conception of the nature of science in either contemporary or historical contexts.  

To develop understanding of the history and nature of science, teachers of science can 
use the actual experiences of student investigations, case studies, and historical vignettes. 
The intention of this standard is not to develop an overview of the complete history of 
science. Rather, historical examples are used to help students understand scientific 
inquiry, the nature of scientific knowledge, and the interactions between science and 
society.  

GUIDE TO THE CONTENT STANDARD  

Fundamental concepts and principles that underlie this standard include  

SCIENCE AS A HUMAN ENDEAVOR  

o Women and men of various social and ethnic backgrounds--and with diverse 
interests, talents, qualities, and motivations--engage in the activities of science, 
engineering, and related fields such as the health professions. Some scientists 
work in teams, and some work alone, but all communicate extensively with 
others.  

o Science requires different abilities, depending on such factors as the field of study 
and type of inquiry. Science is very much a human endeavor, and the work of 
science relies on basic human qualities, such as reasoning, insight, energy, skill, 
and creativity--as well as on scientific habits of mind, such as intellectual honesty, 
tolerance of ambiguity, skepticism, and openness to new ideas.  

NATURE OF SCIENCE  
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o Scientists formulate and test their explanations of nature using observation, 
experiments, and theoretical and mathematical models. Although all scientific 
ideas are tentative and subject to change and improvement in principle, for most 
major ideas in science, there is much experimental and observational 
confirmation. Those ideas are not likely to change greatly in the future. Scientists 
do and have changed their ideas about nature when they encounter new 
experimental evidence that does not match their existing explanations.  

o In areas where active research is being pursued and in which there is not a great 
deal of experimental or observational evidence and understanding, it is normal for 
scientists to differ with one another about the interpretation of the evidence or 
theory being considered. Different scientists might publish conflicting 
experimental results or might draw different conclusions from the same data. 
Ideally, scientists acknowledge such conflict and work towards finding evidence 
that will resolve their disagreement.  

o It is part of scientific inquiry to evaluate the results of scientific investigations, 
experiments, observations, theoretical models, and the explanations proposed by 
other scientists. Evaluation includes reviewing the experimental procedures, 
examining the evidence, identifying faulty reasoning, pointing out statements that 
go beyond the evidence, and suggesting alternative explanations for the same 
observations. Although scientists may disagree about explanations of phenomena, 
about interpretations of data, or about the value of rival theories, they do agree 
that questioning, response to criticism, and open communication are integral to 
the process of science. As scientific knowledge evolves, major disagreements are 
eventually resolved through such interactions between scientists.  

 

Students should understand the 
difference between scientific 
and other questions and what 
science and technology can and 
cannot reasonably contribute to 
society.  

 

HISTORY OF SCIENCE  

o Many individuals have contributed to the traditions of science. Studying some of 
these individuals provides further understanding of scientific inquiry, science as a 
human endeavor, the nature of science, and the relationships between science and 
society.  

o In historical perspective, science has been practiced by different individuals in 
different cultures. In looking at the history of many peoples, one finds that 
scientists and engineers of high achievement are considered to be among the most 
valued contributors to their culture.  
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o Tracing the history of science can show how difficult it was for scientific 
innovators to break through the accepted ideas of their time to reach the 
conclusions that we currently take for granted. 
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