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What this unit is about
Science is often described as a ‘hard’ subject. By the time students in secondary school
approach public examinations, success in science depends on the ability to handle
abstract concepts and models as well as being numerate, literate and able to recall a body
of factual knowledge. Teachers help students to improve their understanding by providing
structured experiences that help students to develop increasingly sophisticated mental
models. These models will allow students to assimilate information and concepts
effectively, so that they can not only recall them but also apply them appropriately.
One way of helping your students to develop sophisticated mental models is to use
physical models. Physical models provide a way of helping students to develop their
understanding of a topic by manipulating objects that are representations of things or
concepts. They ‘move stuff around’, which can result in a much deeper understanding
than reading the textbook or looking at two-dimensional pictures. With physical models,
students can explore behaviour, patterns and connections, and make predictions. They
must also learn to evaluate the strengths and limitations of different models.
In this unit the focus will be on using physical models to help develop students’
understanding of electricity. What you learn about physical models will also be applicable
to other topics. You can learn more about helping students to develop mental models in
another TESS-India unit.

What you can learn in this unit

l Types of models and analogies, and the characteristics of good models.
l Some strengths and limitations of physical models used in teaching electricity .
l Some ways of using physical models to help your students gain a better

understanding of electricity.

Why this approach is important
Many students find electricity a difficult or challenging topic. One reason for this is that
learning about electricity involves the use of abstract concepts and refers to things that
are not directly observable with the naked eye, such as charge and electrons.
Physical models and analogies can help learning by ‘concretising’ abstract concepts
through:

l helping students to visualise an object or process that they cannot easily see directly
(for example, because of the object’s size, or because the timescale of the process is
too long or too short)

l simplifying a complex situation
l allowing students to manipulate objects to make the ideas more memorable or to

explore relationships between the parts of a system
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l allowing students to manipulate the model to explore some aspect of how the object
it represents supposedly works.

Teaching electricity with physical models allows students to test out ideas, make
predictions and develop effective mental models.
Models and analogies each have their own strengths and limitations. A model that works
in one context may be inappropriate in another. The ‘right’ model helps, but the ‘wrong’
model can hinder learning. Evaluating physical models of electrical circuits involves
thinking about the characteristics of a good model. This relates to the nature of scientific
enquiry as a whole, not just to electricity.

1 What do students find difficult about
electricity?
Apart from the abstract nature of the concepts involved, it is possible that students have
developed misunderstandings about electricity from everyday experience. For example,
younger students see a piece of electrical equipment connected to the electricity supply
by a single cable and plug, but have to learn that there must be a complete circuit inside
this for the device to work.
Research has shown that some misunderstandings of electrical circuits are common even
among older students. These misunderstandings include the examples in Table 1.

Table 1 Misunderstandings of electrical circuits.
Student idea Accepted science idea

The battery provides current or
charge

The battery provides the potential difference needed to
move charge round the circuit

The current is ‘used up’ by the
components in a circuit

The current is the same throughout a series circuit. The best
way to challenge these misunderstandings is to provide
evidence to the contrary by showing that ammeter readings
are the same on either side of a lamp, but some students
may still hold on to this idea

Some students may also find it difficult to distinguish between voltage and current, or
between current and energy.
For some students, it is also difficult to relate neat, deceptively simple circuit diagrams to
the array of wires and components that make up some of the circuits that they will work
with. There is a lot to take in when looking at the construction of many circuits. Your
students may find it difficult to pick out the important detail unless you explain the circuit,
asking them to tell you what is connected where, whether it is connected in series or in
parallel, and so on.

Case Study 1: Difficulties faced when learning about electricity
At a recent training session, Miss Joshi learnt about some of the things that many students
find difficult or confusing when learning about electricity.
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In the training session we discussed some examples of the problems that many students
have in learning about electricity and where we might encounter some of these in lessons.

We started with ideas about what a battery does, but it soon led into other areas of
confusion. I hadn’t really thought about it before, but as we talked, I realised that I had seen
this problem in some of my students that I had taught. They thought the battery was
providing the charge, and needed to keep doing this because the charge was ‘used up’ as
it went through components in the circuit. If they didn’t believe that the charge was there
already and the battery provided the potential difference to make the charge move, then
how could closing a switch make everything come on instantly? The idea of charge drifting
along at millimetres a second doesn’t make sense unless the charge is already there …

As we talked about where some of the difficulties might occur in the Class X electricity
lessons, I realised that having some of these misunderstanding and difficulties could cause
problems again and again. I would need to take account of the possible difficulties when
planning my lessons.

Using physical models: teaching electricity to Class X
1 What do students find difficult about electricity?

5 of 6 Wednesday 16 March 2016



Using physical models: teaching electricity to Class X
1 What do students find difficult about electricity?

6 of 6 Wednesday 16 March 2016


