LEARNER DIFFICULTIES
There are many difficulties and misconceptions about electric current and these are just some:

· A very common mistake found in textbooks is to speak of "flow of current". Current itself is a flow of charge; what, then, could "flow of current" mean? It is either redundant, misleading, or wrong. (Donald E. Simanek, Lock Haven University).
· Electrons in an electric current move at nearly the speed of light.
· If no current is flowing, there can still be voltage between the two points. (Driver)
· Confusion between drift speed and current.
MATERIALS AND SAFETY CONSIDERATIONS
· Two 1.5V batteries (a battery pack)
· A light bulb

· Wires

· A compass

The battery pack the school provides may contain voltages that may harm or injure human beings. Taping these voltages and explaining what the dangers are to students can ensure safety in the classroom. Two ordinary 1.5V batteries are best in conducting these demonstrations.

CURRICULUM CONNECTIONS

This activity can be done as part of the Physics (Electricity) Unit in the Senior 1 Science curriculum. More specifically:

· S1-3-16 Investigate and describe qualitatively the relationship among current, voltage, and resistance in a simple electric circuit.

· S1-3-17 Relate the energy dissipated in a circuit to the resistance, current, and brightness of bulbs.

This part of the lesson doesn’t necessarily look at voltage and resistance (done later on) but one can incorporate it into the lesson.

EVIDENTIAL
An opening statement on how electricity works can be a good opener to the lesson. In an electrical circuit, charges must continually flow through a complete loop, returning to their original position and cycling through again and again.

A good example or activity to illustrate this flow of electrons is the use of a simple battery pack, a light bulb, and some connecting wires. This activity can easily demonstrate what happens when current is flowing through the circuit and when it is not flowing. When all connections are made to the battery pack, the light bulb lights up. The lighting of the light bulb occurs immediately after the final connection is made. This is because the electrons are moving at an extremely rapid rate. The fact that the light bulb lights up and remains lit shows that there is some kind of charge flowing through the light bulb filament and thus creating an electrical circuit. By disconnecting any part of the circuit, the light bulb will turn off.

To prove that that charges are actually moving through the wires and not just the light bulb filament, a slight variation can be made. A compass can be placed beneath the wire at any location such that the needle is placed in alignment with the wire. Once the final connection is made, the light bulb again lights up. Furthermore, the compass needle deflects because it acts as a detector of moving charges within the wire. Therefore, this proves charges are moving through the wires.

The compass needle should return to its original position if we disconnect the circuit. When the light bulb lights up, charges are moving through the battery, wires, and the light bulb filaments (we can see this by observing the compass needle when it deflects). It can be said that there is a current flowing through the circuit.

Here, students can see first hand how and when current is flowing through a circuit. As well, because this activity is safe to do, they are able to do the demonstration themselves.

PSYCHOLOGICAL
Now we have to explain what current is. Electric current is the rate of charge flow past a given point in an electric circuit, measured in coulombs/second which is named amperes.
Using the word current in this context simply means that something is happening in the wires, in other words, charges are moving. However, current is a physical quantity and can be measured and expressed numerically. In the physical context, current is the rate of charge flowing past a given point in an electric circuit. Current, therefore, can be determined if the quantity of charge (Q) passing through the wires in a time (t) can be measured. Here, current is simply the ratio of the quantity of charge and time. 

Now, what does this all mean? To further illustrate the difference the between drift speed and current, we can use the following analogy. Imagine a race between millions turtles on a racetrack. We use turtles because they are very slow, much like a charge carrier with a very low drift speed. Now, let’s suppose the race was a short, say 1 metre in length. If a large percentage of the turtles reach the finish line at the same time, say 10 minutes, the current would be very large, with millions of turtles passing a point in a short amount of time. In this analogy, speed has to do with how far the turtles move in a certain amount of time and current has to do with how many turtles cross the finish line in a certain amount of time.

A simple drawing of this analogy along with clear explanations can help students understand the difference between drift speed and current.
THEORETICAL-LOGICAL
Here, students should be able to calculate simple formulas regarding current. Also they will have a good understanding of how these charges move and how it is different from drift speed. A current of 1 ampere (A) means that there is 1 coulomb of charge passing through the wire every 1 second.

1 ampere = 1 coulomb / 1 second

The particles, which carry charge through the wires in a circuit, are moving electrons. These negatively-charged electrons move away from the negative terminal and toward the positive terminal of the battery. The path of a typical electron moving through a wire is said to be chaotic, zigzagging and colliding with fixed atoms. Each collision results in a change in the direction of the electron. However, with an electric potential established across the two ends of the circuit, the electron continues to migrate forward.

Many may confuse current with drift speed, which refers to the average distance traveled by a charge carrier per unit of time. Therefore, the drift speed of an electron moving through a wire is the distance to time ratio. A typical drift speed might be 1 metre per hour and that’s very slow.

There are so many electrons moving at once through the whole length of the circuit. Thus, a high current is the result of several coulombs (turtles) crossing over a cross section of a wire on a circuit. There does not have to be a high speed to have a high current because current does not have to do with how far electrons move in a second but rather with how many charges pass through a cross section (finish line) of a wire on a circuit.

After this stage, students should be able to calculate, Current = I = 
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SUMMARY

The first part of this lesson is to show the students a simple demonstration involving the lighting up of a light bulb. They are then able to do the experiment themselves, allowing them to see first hand how it works. (Evidential)
The second part of the lesson is to get the students to begin to understand the meaning of current. By using the turtle analogy, students should be able to visualize what current is and how it is measured. (Psychological)

Finally, at this stage, students are able to calculate formulas using what they know about time and the amount of charges passing through a given point. (Theoretical-logical)

Just some final suggestions. The last two levels, Psychological and Theoretical-logical, inter-relate one another. In other words, some of the explanations may fall under any of the two levels. A teacher may wish to go back and forth between the two levels, thus ensuring students will get the concept.
John Mantolino
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