A traditional approach versus an investigation approach to science teaching – an example using a lesson on Ohm’s Law
There are always different ways in which you can teach the same concepts. Your approach will depend on what you think the purpose of science teaching is and this will determine what students get out of it. In these notes I will:
1. describe two possible approaches to teaching about Ohm’s law. In both instances, because of the common problem of insufficient equipment for group work in schools, I have chosen to deal with it through a teacher demonstration only. After describing the lessons; 
2. Reflect on both approaches to see what learners might have got out of the lessons.
A traditional approach
At the start of the lesson the teacher informs the learners exactly what they are going to learn about in the lesson viz “Ohm’s law”. This is written up on the chalkboard and the teacher explains that it is about examining how the current flowing in a circuit relates to the potential difference across it. 
She then draws a circuit diagram for the investigation and uses two learners to help her connect the circuit up. 
They are now ready for action and the teacher draws a three column table for the readings on the chalkboard and fills in the headings V, I and the ratio V/I. Individual learners are then drawn into doing some of the actual practical work, connecting one, two, three and then four cells across the coil in the circuit and measuring the corresponding voltage (V) and amperage (I) values. A learner records these readings in the table as they are taken. 
The teacher then draws appropriate axes for the graph of V against I on the board as well as the appropriate scale that should used for each axis is explained. The graph is drawn. The teacher then explains that, since it is a straight line graph that passes through the origin, it means that the current, I, must be directly proportional to the potential difference, V. If you double the potential difference, the current strength will double. This, she tells them, is exactly what Ohm’s Law states and writes it up on the board. “Ohm’s Law – The strength of the electric current in any conductor is directly proportional to the potential difference across that conductor”. She goes on to explain that this will only be true if the temperature of the conductor stays constant, and includes this fact in the law that is already written on the board. 
Having got through this, the teacher then moves onto the second part of the lesson namely the ratio V/I. Together they complete the third column, V/I, for each set of readings that had been taken. Through this the teacher shows them how, in each case, the ratio V/I is the same for each set of readings. She explains that this constant value is given the symbol “R” and is called the resistance of the coil and it has units called Ohms. All this is written up on the board. She also explains that Ohm’s law may also be written mathematically as V = I.R. She also indicates that they will be using that equation more in the next lesson. 
The teacher concludes her lesson by checking that everyone has followed what she was trying to teach. This is done by asking questions like: what does the amount of electricity flowing through a coil depend on? What does Ohm’s law state? When will Ohm’s law not be true? What is the equation for Ohm’s law? By the end she is satisfied that she has achieved her objectives: viz the learners know what Ohm’s law is, how to prove it and what the equation for Ohm’s law is. She also feels satisfied that they have seen it practically. The learners also appeared to be satisfied. They have been involved in the lesson, have followed what went on and some have actually even handled some equipment. To them, it has not simply been a “book exercise”.
An investigatory approach
The teacher starts by briefly recapping what had been done before and in particular showing that a bulb in a simple circuit grows brighter as more cells are connected across it. Through her questioning the learners agree that the bulb gets brighter because more electricity flows through it. Also that the current in the circuit is related to the voltage across it. She then raises the problem with the class “OK, we can see that the strength of the electric current in the circuit is related to the voltage across it but what is the exact nature of this relationship? For example, is it a “direct relationship” (equal proportion), where, if we double the voltage the current will also double - or does the current perhaps increase in a different proportion? I ask this because I am not sure right now, as I look at the bulb, that it gets twice as bright when I double the number of cells connected across it. How can we know? How can we find out?”
A discussion then follows where different ideas are put forward by the class and eventually they settle on the need investigate it practically by setting up a simple circuit and taking some actual measurements of the voltage and current to find out how they are related. The results can then be analysed to find out the exact nature of the relationship. 
Prompting questions from the teacher leads to a possible circuit that can be used for the investigation. This is drawn up on the board and a learner is asked to connect it up from the apparatus that is available. The teacher explains that they will use a coil instead of a bulb and that she would explain why later. Another learner is asked to draw a simple table on the board in which to record their data. This is done after the learners have discussed what the table needs to contain. 
One, two, three and four cells are connected across the coil and different learners are asked to take the respective voltage and current readings. These are duly recorded in the two-column table that had been drawn for this purpose on the board. At the same time the learners also each draw their own table and record the readings in their books. 
A discussion then ensues about how to analyse the data. The teacher uses the opportunity to explain how scientists use a set of readings to determine the relationship between two things (variables), either through (i) graphs or (ii) mathematics. She then suggests they should use their readings to plot a graph of voltage (V) against current strength (I). Before doing that they, together, examine their readings to work out an appropriate scale to use on the axes of their graphs.
 Each learner is then told to draw their own graph in their books and then to discuss it with a partner. The shape of the graph (a straight line passing through the origin) is then discussed together and related to what they have already learned in their mathematics class. (If this has been covered – if not, the science teacher would need to explain this to them). From this they conclude that there is a direct relationship between V and I.
The teacher then poses the problem about how they can also verify that mathematically. After discussion around the mathematical expression for a straight-line graph, Y= mX + C, they agree that C in this case is zero and that the ratio Y/X should be constant (m). Extending that to their science graph they suggest that the ratio V/I should therefore be constant and decide to check it. A third column is added to their tables and they all calculate V/I for the different readings. From this they see that it is constant, confirming the relationship. 
The teacher then explains how scientists record relationships either in words or through a mathematical equation. She illustrates this on the board with the equation V/I = R where R is the constant value for the particular coil that they used. She also writes out the words: “The strength of the electric current in any conductor is directly proportional to the potential difference across that conductor” and the students make a note of that in their books as well. 
The teacher then asks whether they can predict what the current would be if a fifth cell was connected. Knowing that five cells would mean a total voltage of 7.5 volts, a learner suggests that they use their graph to get a corresponding electric current reading for 7.5 volts. This is done and a value for the current in the coil is found. Another learner immediately suggests that they should check it out practically. It agrees with their graph reading and they are very satisfied to find out that they could make use of the graph, and the relationship that they had established, to predict unknown things. Quite powerful stuff. 
The teacher then took the lesson the next step forward by asking whether they thought that the relationship would apply to bulbs as well? After some discussion they decide that it needs to be checked out experimentally. They quickly replace the coil with a bulb and repeat the exercise. To save time the teacher draws the graph on the board and they see that it is a straight line for a short while and soon curves downwards as the voltage increases. Possible reasons for this are sought from the class, guided where necessary by prompting questions from the teacher. It is finally agreed that it might become more difficult for electricity to flow through the filament of the globe as it gets hotter. A note to this effect was then added to the relationship that had been written on the board. 
At this point the teacher pulled out her trump card …. -  “a very famous scientist, Georg Ohm, had carried out a very similar experiment in 1827 and had come to the same conclusion. Today this relationship between the potential difference and current in a circuit is known as Ohm’s law” “OHM’s LAW” was then written in bold capitals above the relationship that had already been spelled out on the board. Indeed, they were just as good as Georg Ohm. Next stop the Nobel Prize for physics committee?!!
The teacher concluded the lesson by helping the students to understand the scientific processes that they had just been through. She showed them how they had started with a problem, worked out how to investigate it, carried out the experiment and collected their observations. How in science, if the observations were numerical measurements they could analyse these through the use of graphs and mathematics and come to a conclusion. They could then test this relationship or theory out by using it to predict what would happen in a new situation. They had also found out about the limitations of the relationship through testing a hot filament globe. She also emphasised the importance of the relationship between V and I and indicated that they would be doing more work with it in the coming lessons.
Reflections on a traditional versus an investigatory approach.
The topic was the same in both lessons, viz Ohm’s Law.  Both teachers did it practically and involved learners in the exercise. They both succeeded in putting across the concepts/principles involved. However, the outcomes achieved were very different. 
In the traditional lesson the teacher’s approach was limited to explaining everything and making sure that the learners followed it. Her use of practical work was mainly aimed at making the concepts involved more clearly understood. To be fair, she did also try to develop some practical skills through involving the learners in connecting the circuit and taking measurements. However, her feedback questions at the end of the lesson involved little more than getting learners to repeat back what had been directly dealt with in the lesson. They did not test any real understanding. Altogether, she missed many opportunities to develop the scientific process and thinking skills of her learners. To her, it seems, the aim of science teaching is mainly about getting learners to understand the concepts outlined in the syllabus.
The investigatory approach, on the other hand, although dealing with the same concepts, achieved a great deal more. This teacher had a wider vision for science teaching and, in her planning, deliberately looked for opportunities to exploit to develop different skills and attitudes amongst learners. Ohm’s law had presented her with an ideal opportunity to engage her learners in a number of scientific processes, in particular the analysis of numerical data to determine relationships. It also provided her with an opportunity to take learners into the realm of the history of science and the way science works. In her planning she carefully thought out a way to exploit this opportunity to the full. Her approach was to turn the whole thing into a mutual investigation. She laid the ground for this by trying to stimulate her learners’ curiosity by posing a problem about something that they could relate to - what is the nature of the relationship between the brightness of a bulb and the number of cells connected across it? Together they could then investigate that problem. Through clever questioning, the learners were guided through the investigation, involving them as far as possible in thinking the procedure out and doing the practical work. All learners were also actively involved in the learning, through having to draw their own graphs and discussing it with a partner before it was dealt with collectively. The opportunity was used to integrate mathematics into the lesson. Once the graphs had been drawn and the relationship between V and I established, the teacher sought to test their real understanding by posing a question that would involve them in applying their knowledge. What current reading would they get with five cells? In this they were using their relationship to predict an unknown and then applying their knowledge to test it. All very useful science process skills. Rather than tell them the limitation with respect to temperature she again led them through an investigation to find this out – by testing with the globe. Much of her approach was directed towards developing problem-solving skills - one of the key aims of science teaching. By helping them to understand the processes that they had gone through, she was also able to deal with the nature of science and the limitations of generalised statements. By only bringing in Georg Ohm and Ohm’s law at the end, after they had done all the work, she was also able to bring in a bit of the history of science. All designed to provide a much broader and more interesting view of what learning about science entails. Clearly a much richer experience all round for the learners.
Hopefully this example gives you some idea of how a teacher should try to identify opportunities, in any lesson, for achieving the broader goals of science teaching viz the development of knowledge, cognitive and scientific process skills, manipulative skills, knowledge about the nature and limitations of science, the link between science and society and finally attitudes and values associated with science.
Brian Gray
September 2006
1
1

