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Physics > Big idea PEM: Electricity and magnetism > Topic PEM8: Mains electricity
	Key concept (age 14-16)

	PEM8.2: Paying for electricity



What’s the big idea?
A big idea in physics is electricity and magnetism. The familiar everyday world we live in is largely a consequence of the properties and behaviour of electric charge. Matter is held together by electrostatic forces, and these influence chemical changes. Electricity and magnetism initially seem distinct phenomena but are later found to be closely interrelated. Understanding electricity and magnetism helps us to develop our technology and find applications that can transform our everyday lives.
How does this key concept develop understanding of the big idea?
This key concept helps to develop the big idea by reviewing ideas about the power of an electric circuit and the energy it transfers, and developing understanding of the connections between power, current and potential difference. [image: ]The conceptual progression starts by checking understanding of the relationship between power and energy. It then supports development of the understanding of how the power of a circuit depends on current and potential difference by making connections between observations and a microscope model of current. 
Using the progression toolkit to support student learning 
Use diagnostic questions to identify quickly where your students are in their conceptual progression. Then decide how to best focus and sequence your teaching. Use further diagnostic questions and response activities to move student understanding forwards.


Progression toolkit: Paying for electricity
	Learning focus 
	The amount of energy that an electrical appliance transfers is proportional to time; and its power is proportional to the potential difference across it and the current through it. 

	
	
	
	
	
	

	As students’ conceptual understanding progresses they can:
	C O N C E P T U A L P R O G R E S S I O N


	
	Describe the difference between energy transferred and power.
P

	Describe how the power of an electric circuit depends on current through it.
 P

	Explain why the power of a component depends on the potential difference across it.
	Explain the relationships I = Q/t and V = E/Q.
	Explain why power of a component can be calculated using 
P = I x V.

	
	
	
	
	
	

	Diagnostic questions
	Calculating energy
	Power and current
	Power and p.d.
	Defining current
	Mystery circuit

	
	
	
	
	Defining p.d.
	

	
	
	
	
	
	

	Response 
activities
	
	Rope power
	Dotty rope
	Mains power
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	P

	Prior understanding from earlier stages of learning
	B

	Bridge to later stages of learning




	
	
	
	





	Calculating energy
	
Power and current
	Power and p.d.
	Defining current
	Defining p.d.
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	Simple multiple choice
	Two-tier multiple choice
	Confidence grid
	Confidence grid
	Confidence grid

	Mystery circuit
	Rope power
	Dotty rope
	Mains power
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	Confidence grid
	Clarifying - demonstration/modelling
	Clarifying - demonstration/modelling
	Talking heads
	



What’s the science story?
The energy transferred when electric charge flows through a component (or device), depends on the amount of charge that passes and the potential difference across the component. The power rating (in watts, W) of an electrical device is a measure of the rate at which work is done by an electrical power supply that transfers energy to the device and/or its surroundings. The rate of energy transfer depends on both the potential difference and the current. The greater the potential difference, the faster the charges move through the circuit, and the more energy each charge transfers.
Earlier development of understanding (BEST 11-14)
When applying their understanding to novel situations, students of all ages often revert to earlier misunderstandings. Before moving forward, it is worthwhile using diagnostic questions from earlier topics to check that students do not have any persistent misunderstandings that can form barriers to learning. Time spent consolidating the scientific understanding of earlier key concepts before moving forward can accelerate progression later. 
	Key concept PEM 5.1 Analysing series circuits
Learning focus: Rules for current and potential difference around a circuit and the equation I = V/R can be used to calculate values of current, potential difference and resistance in series circuits.
This key concept:
· Reviews the rules for current and potential difference in a series circuit
· Develops understanding of the equation I = V/R
· Applies understanding of the relationship between current, potential difference and resistance to the systematic analysis of series circuits.


	

	Key concept PEM 5.2 Analysing parallel circuits
Learning focus: Rules for current and potential difference around a circuit and the equation I = V/R can be used to calculate values of current, potential difference and resistance in parallel circuits.
This key concept:
· Reviews the rules for current and potential difference in a parallel circuit
· Develops strategies for using the equation I = V/R for the systematic analysis of parallel circuits.
· Applies understanding of the relationship between current, potential difference and resistance to explain changes in complex parallel circuits.



What does the research say?
The key purpose of an electrical circuit is to do work of some kind. In a simple electric circuit, over time, energy is transferred from a battery to the surroundings. Historically, science teachers have often used the power ratings of light bulbs in the home to illustrate ideas about energy and power in electric circuits, with bulbs that have higher power ratings clearly shifting energy more quickly because they are emitting more intense light. Nowadays a mix of LED and filament lights in many homes perhaps confuses this example. A good alternative is to compare the heating effects of different power settings on a microwave oven (IoP). It is likely that most students will be aware that at a higher power a microwave oven cooks food faster because it is shifting more joules of energy each second – the higher the power setting, the less time it takes to provide a fixed amount of energy to cook a sample of food.
The amount of energy transferred can be calculated using the equation for power in an electrical circuit: power = current x potential difference (P = I x V), and by multiplying the answer by time (E = P x t). The standard units for power and time are Watt (W) and second (s) respectively. However, alternative units are used for mains electricity to provide smaller and more convenient numbers, measuring power in kilowatts (kW) and time in hours (h). Multiplying these together gives the number of units (kilowatt-hour) of energy that people are charged for, for the energy they have ‘consumed’. Calculating the amount of energy transferred by an electric circuit is relatively straightforward in most cases, but understanding the science that determines the calculation is more challenging.
Novice learners typically lack a scientific understanding of how a circuit works and rely on memorising equations and procedures. They may be able to solve routine circuit calculations correctly, but often cannot predict or explain the behaviour of a circuit. To develop a more expert understanding of electric circuits and to be able to solve a wide range of problems, in both familiar and novel contexts, learners need to be supported in making connections between microscopic and macroscopic phenomena. This is because, for electric circuits, it is the microscopic models that provide the mechanisms which explain the relationships between macroscopic properties (Liu et al., 2022).
As always, when developing new understanding about electric circuits, it is helpful for a teacher to begin by checking for any persisting misunderstandings students may have. It has been found that older secondary school students typically resort to alternative conceptions less often than younger ones, but they tend to apply misunderstandings they do have more consistently (Licht and Thijs, 1990) making blocks on further learning potentially more challenging to resolve.
Some common misunderstandings that students may continue to hold, which are relevant to this key concept, are:
· that most students do not discriminate sufficiently between current, voltage, energy and power (e.g. Gott, 1984; Shipstone, 1985; Driver et al., 1994; Engelhardt and Beichner, 2004)
· the amount of current provided by a battery is always the same no matter what circuit it is connected to (Driver et al., 1994; Engelhardt and Beichner, 2004)
· a bulb or appliance gets the energy ‘it demands’ regardless of the potential difference of the source (van den Berg and Grosheide, 1997)
· a circuit can be analysed sequentially moving around a circuit in one direction, so changes to components ‘further around a circuit’ do not affect earlier parts of the circuit (Driver et al., 1994; Stocklmayer and Treagust, 1996; Duit and von Rhoneck, 1997)
· the higher the resistance of a component, the more energy is transferred as current passes through it and therefore (this is the misunderstanding) components with a greater power rating always have a higher resistance (Licht, 1991).
A useful bridge between addressing common misunderstandings and developing understanding of energy and power in an electric circuit, in relation to current and potential difference, is the rope-loop analogy used in earlier BEST key concepts: PEM1.2 Electric current and PEM1.3 Voltage. This model can be used to: review ideas of current, charge and potential difference in simple circuits; to introduce ideas of energy shifting from a ‘battery’ to a ‘bulb’; and to reason about the effects on energy transfer caused by changing currents, resistances or potential differences (DCFS, 2008).
When developing understanding about connections between the ideas of energy and power and what happens in an electric circuit, some useful starting questions are: ‘how is it possible that electric devices use different amounts of energy?’ (Licht, 1991); or ‘what determines the brightness of a bulb in a particular circuit?’ (Wong, Lee and Foong, 2017). It is likely that students’ answers to these questions will involve ideas about both potential difference across devices and current through them. 
The understanding of why power can be calculated using P = I x V begins with the understanding of electric current as a flow of charge. This leads on to the introduction of relationship I = Q/t as a shorthand way of writing this down and of quantifying currents for comparison (Hartley, Fairhurst and Norris, 2021). The next step is to understand that potential difference is linked to energy because it (causes an electromagnetic field that) provides an electrical ‘push’. 
With a bigger potential difference across a component, electric charges are ‘pushed’ harder which means they can do work at a higher rate (Hartley et al., 2021). The equation V = E/Q represents this relationship and shows that when the potential difference pushing a certain amount of charge through a component is doubled (or tripled etc.), then two times the amount of energy is shifted – because with two times the ‘push’ on the same charge, the charge can do work at twice the rate.
Both I = Q/t and V = E/Q are derived from a microscope model of current that comprises charged particles caused to move by forces due to an electric field and impeded by collisions with microscopic structures and particles in a conductor (Liu et al., 2022). The two equations can be combined (I x V = Q/t x E/Q = E/t = P) to show that P = I x V; and the microscopic model of current used to explain the relationship.
In solving novel problems using P = I x V, students will need to consider the nature of the interdependence of current, potential difference and resistance, which can vary in different situations. 
Without a good scientific understanding, it is likely that some students will interpret the equation V = I x R in a purely mathematical sense, (Liegeois and Mullet, 2002; Chasseigne et al., 2011; Liu et al., 2022) and, for example, think that a change to either current or resistance always results in a change in potential difference. The scientific understanding of a specific situation may indicate that one or other of the ‘variables’ is determined and ‘fixed’ by the situation, in which case the equation needs to be applied differently. This is another reason why a good understanding of the microscopic model of current is important, and why experts reflect on it when solving problems and when predicting or explaining electric circuits.
Guidance notes
The learning progression for this key concept does not specifically include calculations of payment charges for electricity use. Instead the learning progression begins by developing understanding of the calculation of the amount of energy transferred and then develops understanding of how to calculate the power of electrical devices. It has been left to teachers to add in extra steps of calculating energy transferred in kilowatt-hours and multiplying by the cost of each ‘unit’. Learning about these calculations after studying this key concept will mean students are likely to understand clearly why the calculations are made, and therefore be more adept at calculating ‘units’ in novel contexts.
Care needs to be taken when using examples of mains appliances for exploring the connection between power, current and potential difference. This is because all mains appliances operate with the same potential difference across them. This means that mains appliances with higher power ratings have more current flowing through them, and therefore have a lower resistance than those with lower power ratings. 
References
Chasseigne, G., et al. (2011). Improving students' ability to intuitively infer resistance from magnitude of current and potential difference information: A functional learning approach. European Journal of Psychology of Education, 26(1), 1-19.
DCFS (2008). The National Strategies / Secondary: Voltage, energy and power in electric circuits. London: Department for children, schools and families.
Driver, R., et al. (1994). Making Sense of Secondary Science: Research into Children's Ideas, London, UK: Routledge.
Duit, R. and von Rhoneck, C. (1997). Learning and understanding key concepts of electricity. In Tiberghien, A., Jossem, E. L. & Barojas, J. (eds.) Connecting Research in Physics Education with Teacher Education. International Commision on Physics Education.
Engelhardt, P. V. and Beichner, R. J. (2004). Students' understanding of direct current resistive electrical circuits. American Journal of Physics, 72(1), 98-115.
Gott, R. (1984). Electricity at age 15: a report on the performance of pupils at age 15 on questions in electricity. London: Department of Education and Science, Welsh Office, Department of Education for Northern Ireland.
IoP. Teacher guidance for 11-14: Power and voltage - Teaching and learning issues [Online]. Institute of Physics. Available at: https://spark.iop.org/collections/power-and-voltage-teaching-and-learning-issues [Accessed 24th January 2023].
Licht, P. (1991). Teaching Electrical Energy, Voltage and Current: An Alternative Approach. Physics Education, 26(5), 272-77.
Licht, P. and Thijs, G. D. (1990). Method to trace coherence and persistence of preconceptions. International Journal of Science Education, 12(4), 403-416.
Liegeois, L. and Mullet, E. (2002). High school students' understanding of resistance in simple series electric circuits. International Journal of Science Education, 24(6), 551-564.
Liu, Z., et al. (2022). Assessment of knowledge integration in student learning of simple electric circuits. Physical Review Physics Education Research, 18(2), 020102.
Shipstone, D. M. (1985). Electricity in simple circuits. In Driver, R., Guesne, E. & Tiberghien, A. (eds.) Children's Ideas In Science. Milton Keynes: Open University Press.
Stocklmayer, S. M. and Treagust, D. F. (1996). Images of electrcity: How do novices and experts model electric current? International Journal of Science Education, 18(2), 163-178.
van den Berg, E. and Grosheide, W. (1997). Learning and teaching about energy, power, current and voltage. School Science Review, 78(284), 89-94.
Wong, D., Lee, P. and Foong, S. K. (2017). Which bulb is brighter? It depends on connection! Strategies for illuminating electrical concepts using light bulbs. Physics Education, 52(6), 065008.

Developed by the University of York Science Education Group, the Salters’ Institute and the Institute of Physics.	8
This document may have been edited. Download the original from www.BestEvidenceScienceTeaching.org
© University of York Science Education Group. Distributed under a Creative Commons Attribution-NonCommercial (CC BY-NC) license.
image3.tmp
BEST

STUDENT WORKSHEET

Power and current

in st it 3 davie forcoin wrk o som ki

In s it 3 bulb i ranstering snery o the surroundings.
T ateofenergy transer s th power ofthe drcut

Poweris measured n att (W)
one wattis squa o s oul per secon

. Which electric circuit has the most power?

puto ik (+]mthebox e

S—

A B c )

All the
same

b What s the best reason for your answer to part a?

puto ik (+]mthebox e

S —

& curreneromthe bacery i thesame inall s

© current through sach bulbs th same i all s

D Current through sach ulb s bigges in i it





image4.tmp
BEST

STUDENT WORKSHEET

Power and p.d.

exch

i contans thesame ype of ulb, bt sachone s ferent.
The Sul are nosen o tht the currnt in sschGrcut s the sam.

fuel l M. l .
T T
e crrentin et i thesome T

These statements are about the three different bulbs.

Forsschsatement, ck () e coumn 1 show what you tink

Tamere | vk | vk [ ramere
s | s | s | e
dgne | rgnt | wrong | wrong

& The brightnes of ach bulb s thesame.

B The . across sachbulb i he same.

© Thepd isbiggestacrossbulb 3.





image5.png
BEST





image6.png
BEST —

Defining p.d.





image7.png
.............





image8.png
BEST'

Rope power

fandrtine

4 Mo ot e th oo v arcey s e o
Pt

2. o o hey s the made 0w e ellect o mcresing orent 1
e poserf et

3 How codhy s th mo 0w h et f s . onhe





image9.png
BEST —

Doty rope

ooy

5 ety the st o dmantte =510





image10.png
Mains power





image11.png
Mains power





image1.tmp
Progression tool

ing focus What | am teaching

As students’ Concernu
conceptual

understanding

progresses they

Observable learning outcomes to guide my teaching focus

Diagnostic

questions H '

Questions to find out what my students know and understand

Response
activities

Activities to move my students’ understanding forwards





image2.png
BEST' [—

Calculating energy





image12.png
BEST

Best Evidence Science Teaching




image13.jpeg
nstitute of Physics




image14.png
UNIVERSITY OF YORK
SCIENCE EDUCATION GROUP




image100.jpeg
nstitute of Physics




image110.png
UNIVERSITY OF YORK
SCIENCE EDUCATION GROUP




