Helping students to understand the electron model for simple circuits by use of a drama model and other untraditional learning methods.
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Abstract - The most popular model for explaining electricity has been the water analogy. Research has shown that this model is unfamiliar to most students and is therefore not helping them to understand electricity.


To help the students understand the electron model we have made a drama model. In this model the students are playing the electrons in a “circuit” consisting of, e.g., a conductor, a bulb and a battery. In addition to drama we have used several other methods: getting students to select hypotheses (predictions) before doing the experiments, drawing models and creative writing. The students have also done much hands-on-work with simple circuits.

The main research questions are:

Do the students get a better understanding of electricity by using these untraditional methods compared to traditional ones? Do the girls understand this subject at a level equal to the boys when learning by these methods?


We have tried this idea out among students from grade 8 to grade 10, and among teacher students in which the students showed a better understanding of simple circuits than after traditional teaching programs. The girls were learning much more from these methods than from traditional ones and they were achieving at a level equal to the boys. This is remarkable as the girls did not enjoy the unit as well as the boys. Some female student teachers were asking if this really is physics. It was too easy to understand! Physics was for them formulas they did not understand!

Introduction
Many researchers have shown that students from secondary level up to university level have developed alternative conceptions about basic electricity. Research also shows that many students are afraid of electricity, and feel uncertain of how to handle, e.g., a battery  (See Tallant, 1993 for an overview). The most common alternative conceptions about basic electricity are:

1)
The concepts of current and voltage are confused.

2)
Battery is the source of the current or the electrons. 

3)
The bulbs or other forms of resistance consume current.

4)
The battery is a constant current generator. Current supplied by the battery is considered to remain constant regardless of changes in the circuit.

The most common model for helping students to understand electricity is the water analogy. But research has shown that the traditional water model is quite unfamiliar and therefore is not helping them to get a better understanding of electricity (Dupin & Johsua, 1989). However, Dupin and Joshua proposed a “train analogy” inspired by Härtels bicycle chain for electric current (Härtel, 1982): A continuous train moves around a circuit. In a station, “people” push the cars with a constant force. Dupin and Joshua used the train analogy only as a thinking instrument and the students were not experimenting with real play cars.

Methods used in helping students to learn the electron model for simple circuits. 
A. Using drama. The Drama Model of Electricity
Inspired by the train analogy, we introduced an analogy model called the drama model of electricity (Tveita, 1996). In this model, the students are acting as electrons and batteries. The tables are placed to make the road (representing wires, resistance or battery) on which the students can move. The “student electrons” are instructed to do the following:

a)
“Student electrons” are standing in a circle with their arm stretched out to the shoulder of their neighbor.

b)
When the “student electrons” feel a push on their shoulder, they have to move in the direction of the push and move faster if the push is stronger.

c)
If their out-stretched arm has no shoulder to push on, they have to stand still. 
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drama  wire

d)
In a drama wire, “electrons” have to move with “no resistance”.
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drama  resistance

e)
In a drama bulb or resistance, the “electrons” have to slide their free right hand on the table and thus resist their moving.
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drama  battery

f) In a  drama battery, a student is sitting on one of the tables and pushing constantly on the shoulders of the student electrons. 

In Figure 1 we see the connection between a “real” circuit and a picture of the drama model of the same circuit.
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Figure 1: To the left: a symbolic picture of a simple circuit. To the right: a pictorial drama model of the simple circuit .

In the Drama Model of Electricity:

· the voltage of the battery is represented by the push on the student electrons shoulders when passing the battery. This push is the cause for moving the whole circle of student electrons

· the local voltage is the push on the shoulders between each student

· the current is represented by how fast the student electrons are moving

· because each student electron is in touch with his neighbor on both sides, the student electrons are all moving at the same speed. The current of student electrons is the same in every part of the drama circuit.

· resistance is represented by friction between the free hand of the student electrons end the resitance table when they are passing it

B. Drawing models

The students were given assignments to draw pictorial drama model of the circuits, like in Figure 1, and using the model to scaffold in explaining how the circuit works.

C. Writing about being particles. Anthropomorphic writing. 

The students had to write this story: “My travel as an electron around an electric circuit.” This assignment was the only anthropomorphic writing in this unit.

D.
Making predictions/hypotheses

To every experiment with electrical circuits the students had to choose between several hypotheses about what would happen (see Appendix B).

A short description of the unit for teaching the electron model of simple electric circuits using untraditional learning methods.

1)
We started by finding out which preconceptions the students had about electricity. This is done by administering a paper and pencil test before teaching the electricity unit (see Appendix A). 

2)
The students got batteries, bulbs, and circuits and were told to do whatever experiments they want to in groups of 2. This free experimenting lasted for at least half an hour. 

3)
They were given worksheets describing experiments. Before doing the experiments they had to choose between several hypotheses (see Appendix B). 

4)
We introduced the electron model. Then the students dramatized a simple circuit, consisting of wires, a bulb and a battery. All the “student electrons” had to go at least one whole turn of the circuit and thus had acted an “electron” when being in a resistance (bulb), in a wire and in a battery.  When dramatizing in the class, we stopped several times and discussed the analogy to the electric circuit. E.g.: The battery student normally got exhausted (empty of energy) and we had to “change battery” by putting in a fresh battery student to push the student electrons around the circuit. Here we discussed the use of energy of the battery, and that the “electron chain” helps to transmit the energy to the bulb. We also discussed how the bicycle chain transmits energy from the pedals to the rear wheel of the bicycle. 

5)
The students had to write a short story about being a “real” electron in a circuit travelling around a simple circuit.

6)
The students got worksheets with diagrams and problems of some similar experiments as they have done under item 2. This time they had to explain the results in groups of two students by drawing drama models for each experiment! We also discussed some of the problems in class, and dramatized some of the circuits.

7)
When the electricity unit was finished, the students answered a paper and pencil test.

8)
At least 12 months after having finished the program of electricity, the students answered a paper and pencil test (The Final Test see Appendix C).

The Sample

The author has worked out the drama model by teaching electricity to teacher students for several years. He has also tried it out in a Grade-6 class and a Grade-10 class in 1995. 


During the spring 1996 five teachers in Grade-7 and Grade-8 tried out the drama unit in their classes (122 students, 64 boys and 58 girls). The unit of Electricity was on 8 lessons. The students answered a test at least twelve months after having finished the unit. 


We used a revised version of this unit with teacher students (20 students, 14 girls and 6 boys) in the autumn 1998. 


In this paper we will report from the surveys in 1996 and 1998.

The students' evaluation of The Drama Model of Electricity

One year after the students (Grade-7 and Grade-8) had finished the unit, they answered this statement: “I liked the electricity unit last year”, on a Likert scale from 1 (not agree) to 5 (agree). The boys, 3.4, were more positive than the girls, 2.7.  This is in correspondence with most research about gender and science that boys like physics and especially electricity better than girls do. See Wang & Andre (1991) and recent results from TIMSS (Lie, Angell, & Kjærnsli, 1998). However, we hypothesized that the girls should enjoy these methods better than traditional teaching also stated by others (Gianello, 1988), and this result does not correspond with a survey using the same untraditional learning methods when teaching the kinetic particle model (Tveita, 1993, Tveita, 1997).


The teacher students answered the same statement on a paper and pencil test and we got the same tendency here, boys, 4.2 and girls, 3.5. Discussion with the teacher students revealed that the girls disliked choosing hypotheses before doing the experiments much more than the boys did. On the other hand the female teacher students answered on the subject test at least to the same level as the boys, both on the pretest and the posttest! However, when the teacher students answered after finishing the unit on this statement: “Now I understand electricity”, the mean (on the same Likert scale) for boys was 4.7 and for girls only 3.5!


Though the girls were as least as skilled as the boys in electricity, they lack the self-confidence in this subject as the boys have. The same was found by Kahle et al. in their study (Kahle, Parker, Rennie, & Riley, 1993).


Several student teachers, mostly girls, asked if this unit of electricity really is physics. It was too easy to understand! Physics was for them mostly formulas that they did not understand!

The students' achievement. 

TABLE  IV

Results of some tests answered at least one year after teaching The Drama Model of Electricity. 

122 students (64 boys and 58 girls) from Grade-7 and Grade-8 answered the tests. 

In statements with numbers (1, 2, 3) the students had to choose the correct statements from several distractors, and in this part of the test, there were figures of the circuits involved. In the statements with letters (a to p) the students only had to tell if the statement is True or False, and there were no figures. 
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122 students
64 boys
58 girls

Statements
Correct %
Correct %
Correct % 
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1. 
Current in a circuit is conserved.
57
59 
55 

2.
Three like bulbs in series have the same light
59
60 
58 

3a
An extra bulb in a circuit, weaker light
60
70
49

3b
An extra bulb in a circuit, same current
20
19
21

4
The voltage may occur without current 
25
20
29

a)
The battery is the source of the current
27
28 
26 

b)
The battery is the source of the energy 
74
71 
78 

c)
Current or electrons of a battery are not consumed
43
44 
43 

d)
Energy of a battery is consumed
69
76 
62 

e)
It is possible to have a voltage without a current
55
49 
62 

f) 
Voltage is part of the current
55
49 
62 

g)
A bulb consumes some current
29
27 
31 

h) 
A battery produces a constant voltage
66
67 
66 

i)
A battery produces a constant current
47
48 
47 

j)
It is the electrons that are streaming in a wire
84
83 
86 

k)
The electrons are not living creatures
78
70 
86 

m)
The voltage sets the electrons in motion
74
66 
84 

n)
Current meets resistance in a bulb
78
80 
76 

o)
There are always electrons in a wire
64
60 
67 

p)
The current leaving the battery

is equal to the current to the battery
54
61 
47 
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Some researchers claim that there is a special gender differences on assessments related to electricity, the boys are doing better than girls in this subject (Jovanovic, Solano-Flores, & Shavelson, 1994). We see from Table IV that in this study there are little difference between the boys and the girls, and the girls are doing at a level equal to the boys.

Conservation of current

In the Norwegian part of The Third International Mathematics and Science Study (TIMSS) the students (2515 students) in Grade-12 answered the same question about current conservation as Task 1 in Table IV (Lie & Kjærnsli, 1997). In TIMSS 24% of the girls and 43% of the boys chose the correct answer of conserving current. Twelve months after learning The Drama Model of Electricity, 55 % of the girls and 59% of the boys in Grade-7 and Grade-8 were correct! There is almost no difference between the girls and the boys on this issue!


In a study of students, 15-17 year olds, understanding of electricity in five European countries,  Shipstone et al. (1988) statement p) was also used. They had a mean of 27% correct answers compared with 54% in this study!


On the other statements about conservation of current in this study we have 43% correct for statement c), 59% for Task 2, and 29% for statement g). The result for statement g) is disappointing, but it agrees with Shipstone et al. (op. sit.) who had a mean on the same statement of 27%! This well-established alternative conception is not easy to change!

Concepts of voltage and current

On the statements:

h) A battery produces a constant voltage 66% were correct

m) Voltage sets the electrons in motion 74% were correct.

These results are acceptable.

Maicle (1981) has used two of the same statements (e and f) for Grade-8 students (400 students) in Germany. Comparing the mean of correct answers in these two studies: 





This study
Maicle








e)
It is possible to have a voltage without a current
55%
30%

f) 
Voltage is part of the current
55%
22%

Statement e) was also used of Schipstone et al.(op. sit.) and they had a mean of 45%.

On Task 4 (See Appendix C), however, only 25% of the students were correct! But in Maicles sampel of 400 students in Grade-8 less than 8% were correct on this task! 

On the statements: a) The battery is the source of the current, 27% were correct. On the same statement by Grade-8 students in Maicles study, 14% were correct.

One year after finishing the Electric Drama Study many more students gave correct answers to statements concerning voltage and current than students with traditional teaching did. 

The battery is a constant current generator

We have two different test questions concerning this well-known alternative conception: In question 3 b) (see Appendix A) we put an extra bulb in a circuit on a figure. Only 20% were correct that the current will be less. 80% stuck to the idea that the current will not change! On judging the statement h) A battery produces a constant current, however, 47% were correct. The last result agrees with most research, e.g., Dupin & Johsua (1987) and McDermott & Zee (1984). They found that half of their students thought of the “battery as a constant current generator”. Heller & Finley (1992) found that 13 of the 14 teachers, in their study, thought that the battery supplied the same current to every circuit!

We conclude that the students who had worked with the drama unit of electricity stuck to the alternative conception of the battery as a constant current generator about to the same degree as students who have learned electricity by traditional methods.

Conclusion


In this study, using The Drama Model of Electricity, we have introduced several methods for helping students to develop scientific conceptions of electricity and to get rid of alternative conceptions. We conclude:

· The students had a better understanding of concepts related to simple circuits than after traditional teaching programs

· More students had changed from alternative conceptions to scientific conceptions than from traditional programs

· The girls had learned much more from these methods than from traditional ones and they are achieving at a level equal to the boys

· Some students, most girls, think that the drama model is too easy to understand to be physics. Drama might be a way to make physics understandable for more students! 

· The girls did not enjoy the unit s as well as the boys. The cause for this might be that we demand students to select hypotheses before doing every experiment, and that we have too few daily life connections in the unit

· Though many students shift from alternative conceptions to scientific conceptions by working through the Drama Unit of Electricity, several students still stuck to their alternative conceptions. The drama unit is not helping students to get rid of all alternative conceptions. 

We should make a new study with a revised drama electric unit that uses 

· more daily life connections 

· fewer hypothese demands

· more drama activities

References

Dupin, J. J., & Johsua, S. (1987). Conception of French pupils concerning circuits: Structure and evolution. Journal of Research in Science Teaching, 24(9), 791-806.

Dupin, J. J., & Johsua, S. (1989). Analogies and "Modeling Analogies" in Teaching: Some Exemples in Basic Electricity. Science Education, 73(2), 207-224.

Gianello, L. (Ed.). (1988).  Getting into gear: Gender inclusive teaching strategies in Science developed by the McClintock Collective. Canberra:   Curriculum Development Centre.

Heller, P. M., & Finley, F. N. (1992). Variable Uses of Alternative Conceptions: A Case Study in Current Electricity. Journal of Research in Science Teaching, 29(3), 259-275.

Härtel, H. (1982). The Electric Circuit as a System: A New Approach: European Journal of Science Education, 4 (No 1), 45-55.

Jovanovic, J., Solano-Flores, G., & Shavelson, R. J. (1994). Performance-based assessments. Will gender differnces in science achievment be eliminated? Education and Urban Society, 26, 352-366.

Kahle, J. B., Parker, L. H., Rennie, L. J., & Riley, D. (1993). Gender Differences in Science Education: Building a Model. Educational Psychologist, 28(4), 379-404.

Lie, S., Angell, C., & Kjærnsli, M. (1998).  Kunnskaper og holdninger i realfagene i videregående skole (Results fra TIMSS. No. 29). University of Oslo.

Lie, S., & Kjærnsli, M. (1997). Private communication of results from TIMSS. ILS, University of Oslo.

Maicle, U. (1981). Representation of knowledge in basic electricity and its use for problem solving. In W. Jung, H. Pfund, & R. C. v. (Eds.), Problems concerning students´ representation of physics and chemistry knowledge,  (pp. 194-213). Ludwigsburg: Pädagogishe Hochschule.

McDermott, C., & Zee, H. v. (1984). Identifying and addressing student difficulties with electric circuits. In Aspects of Understanding Electricity,  . Ludwigsburg, Germany: 

Shipstone, D. M., Rhøneck, C. v., Jung, W., Kärrqvist, C., Dupin, J.-J., Johsua, S., & Licht, P. (1988). A study of students´  understanding of electricity in five European countries. International Journal of Science Education, 10(3), 303-316.

Tallant, D. P. (1993). A Review of Misconceptions of Electricity and Electrical Cidrcuits. In J. D. Novak (Ed.), Third International Seminar on Misconcetpions and Educational Strategies in Science and Mathematics,  . Ithaca: Cornell University.

Tveita, J. (1993). Helping Middle School Students to learn the Kinetic Particle Model. In J. D. Novak (Ed.), Third International Seminar on Misconceptions and Educational Strategies in Science and Mathematics,  . Ithaca: Cornell University.

Tveita, J. (1996). The Drama Model of Electricity. In K. Calhoun, R. Panwar, & S. Shrum (Eds.), 8th Symposium  of International Organization of Science and Technology Education, 1 (pp. 225-232). Edmonton: University of Alberta.

Tveita, J. (1997). Constructivistic teaching methods helping students to develop particle models in physics. In R. Abraham (Ed.), From Misconceptions to Constructed Understanding,  . Ithaca: Cornell University.

Tveita, J. (1999). Can untraditional learning methods used in physics help girls to be more interested and achieve more in this subject? In M. Bandiera, S. Caravita, E. Torracca, & M. Vicentini (Eds.), Research in Science Education in Europe,  (pp. 133-140). Rome: Kluwer Academic Publishers.

Wang, t., & Andre, T. (1991). Conceptual change text versus traditional text and applications question versus no questions in learning about electricity. Contemporary Educational Psycology, 16, 103-116.

Appendix A. An example of a task from the paper and pencil test
Task 3

[image: image8.wmf] 
⇒


[image: image9.wmf]
-

The bulbs drawn on the figures are identical.

a) What is happening with the light of bulb A when we put a new bulb in the circuit?

[image: image10.wmf] Bulb A lights as before.    [image: image11.wmf] Bulb A lights weaker then before.

[image: image12.wmf] Bulb A does not light.

Compare the current in wire 1 before and after we have put in bulb B. 

[image: image13.wmf] The current in wire 1 is the same as before we put in bulb B.

[image: image14.wmf] The current in wire 1 is less than before we put in bulb B

Appendix B. An example of a task on the worksheets.

Task 5
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The bulbs and the batteries on the figure are identical. How do the bulbs light when coupled like the figure? Decide (guess!) if the claims are true (T) or false(F), before doing the experiment! 



Guess
Exper.



T or F
T or F

a) A lights stronger than the two other bulbs
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b) B lights stronger than the two other bulbs
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c) C lights stronger than the two other bulbs
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d) All the bulbs lights alike
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e) A lights. B and C do not light.
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f) B lights. A and C do not light.
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g) C lights. B and A do not light.
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h) None of the bulbs light
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Do the experiment and find the right answer! 

Appendix C.


An example of a task from “The Final Test”

Task 4
[image: image32.wmf]
Which of the following claims are true (T) or false (F). Write T for true and F for false!



T or F

a) There is electric current in A
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b) There is electric current in B
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c) There is electric current in C
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d) There is voltage in A
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e) There is voltage in B
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f) There is voltage in C
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