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Abstract 

Finding Out What Pupils 
are Thinking Concerning Electricity - An Exploratory Study 

Boo Hong Kwen 
National Institute of Education 

Nanyang Technological University 
& 

Ang Kok Cheng 
CHU St. Nicholas Girls''School, Singapore 

There have been many studies conducted world wide to find out what pupils think about 
various aspects of electricity. While some of these studies were conducted based on Asian 
samples, there had been none, in the literature, reported using Singaporean samples. 

The purpose of this paper is to report on an exploratory study, conducted on a sample 
of primary four (P4) pupils, to find out what their views on various aspects of electricity were 
before formal instruction was given to them. The study also looked at how such views may be 
influenced by formal instruction. A separate group of primary five (P5) pupils, of similar 
ability and background and who had been given formal instruction on the same aspects of 
electricity one year earlier, were also studied to find out how similar or dissimilar their views 
might be as compared with the P4 pupils after instruction. 

Information was obtained through written responses to a paper-pencil questionnaire. 
A subset of the sample was interviewed, one-to-one, to validate interpretations of their views 
expressed in the questionnaire. 

The results indicate that pupils do bring with them a range of preconceptions about 
electricity into the Science classroom. Some of these ideas are amenable to change through 
formal instruction while others are more resistant to change. 

Introduction 
In the literature there are reports of various studies carried out on finding out what 

pupils are thinking about electricity. but all of these are based on non-Singaporean samples. 
Among these are a number of studies which have investigated the preconceptions of young 
children (aged 8-12 years) concerning current tlow (e.g., Osborne, 1982; Jabin & Smith, 
1994; Vickery & Flitton, 1995; Parker & Heywood ( 1996). Studies which extended these 
investigations to students of age up to 18 include those reported by Osborne ( 1983), Tasker & 
Osborne ( 1985), and Shipstone ( 1984, 1985, 1988). These studies are generally regarded as 
particularly enlightening because the students studied span an age range from 9 to 18 years. 

Through these studies, students have been shown generally to think of electric current 
tlow in a circuit in five distinct ways or models. Firstly, there is the "single-wire" model 
which suggests that current leaves the battery and travels through one wire to a bulb which 
serves as a kind of electricity "sink". In the second model, the "clashing currents" model, 
electricity leaves the battery from both terminals and travels towards the bulb where it is 
"used up". In the next three models, there is one commonality in that there is unidirectional 
flow of electric current. However, two of these three models are in variance with the accepted 
science view; these are termed "unidirectional without conservation" and "unidirectional with 
sharing". The last model, which is the scientifically acceptable view is termed "unidirectional 
with conservation". In the "unidirectional without conservation" model the current is viewed 
as gradually becoming weaker as it flows through the circuit as a result of encountering 
various components of the circuit, such as the bulb. In the "unidirectional with sharing" 
model, the current is distributed to and consumed equally by all components of the circuit, 
with all bulbs achieving the same brightness, but the current is not regarded as conserved. 
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The "single wire" model is reported as most common among younger children, more 
than 50 percent of whom set up such a circuit when asked to get the bulb to glow. The 
"clashing current" model appears to be favoured by about 35 to 40 percent of the children in 
their middle years, and it is gradually replaced by "unidrectional" models - with the concept 
of conservation gradually becoming evident in about I 0 percent of the subjects at about age 
12 and rising to about 60 percent by age 18. 

Purpose of Study 
The aim of this exploratory study was to investigate what a sample of our primary 

four (P4) pupils were thinking about aspects of electricity in the syllabus prior and post 
formal instruction. 

To extend the scope of the study, a separate group of primary five (P5) pupils, 
roughly similar in ability and home background to the P4 class pupils, was also included to 
find out they think about the same aspects of electricity. These P5 pupils had, in the P4 year, 
undergone similar formal instruction on the topic. A comparison was then made with the data 
collected from the P4 pupils after instruction, the aim of which is to obtain some answers, 
albeit tentative and inconclusive, to the question, whether understanding of the aspects of 
electricity studied increase with age. 

Background and Rationale for Study 
Anecdotal evidence suggests that many practising teachers in Singapore consider the 

topic of electricity as one of the most difficult in the P4 science syllabus. It is not the 
preparation involved in setting up experiments or the availability of resources for teaching. 
Instead, it is associated with the high number of pupils who were unable to demonstrate 
mastery in the topic even after repeated teaching. 

"Why aren't our pupils achieving as much as we wanted them to? What are our own 
Singaporean pupils thinking about electricity? Are their ideas similar to those reported of 
overseas samples?" are some concerns that prompted this study. 

Method of Study 
The topic on electricity was only taught at the P4 level, and not at the P3, not the P5, 

levels. The concepts included in the P4 science syllabus pertinent to this study are: 
Electricity t1ows through a closed circuit. 
A switch is a dev1ce which breaks or closes a circuit. A number of switches can be located at different 
parts of the circuit. 
A battery is a source of electricity. 
When two or more batteries are used in a circuit. they have to be correctly arranged to form a closed 
CirCUit. 
A bulb has a conducting part called the filament which gives off light. 

The filament ends m two terminals which have to be connected in a closed circuit for the bulb to light up. 
Two or more bulbs can be arranged in different ways in a circuit. The number of bulbs that will light up 
will depend on which switches are opened or closed. 

The questionnaire 
The main data collection device was a paper-pencil questionnaire contammg four 

questions that cover some of the concepts included in the P4 Science syllabus. Each of the 
questions contains a selection section (where pupils were given a range of options to choose 
from) as well as an open-ended section where pupils were asked to provide reasons for their 
response. 

I. The first question comprises two parts (a) and (b) and is focussed primarily on finding 
out whether pupils think there is an electric current flowing in different situations. 
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a) Can you identify the presence of an 'electric current'? 
Pupils were presented with three diagrams:- a table lamp with its electrical 
cord detached from the electrical source, a bulb connected to a dry cell 
without wires and a lighted torch respectively. They were then asked to state 
whether there is an electric current flowing in each case, and to support their 
answer with reason(s). In the first two instances, electric current is not 
present, as the circuit is incomplete. In the last instance, electric current is 
present. 

b) Do you think there is an electric current in this 'Eveready' battery? 
Pupils were presented with a diagram showing a typical AA size battery. 
They were asked if there was an electric current in the battery and to support 
their answer with reason(s). In this instance, there is no electric current in the 
battery as it only contains chemicals. 

2. Can you identify a closed circuit? 
The second question is focussed on finding out if pupils can identify a closed circuit, 

gtven diagrammatic representations of vanous circuits. Pupils were presented 
diagrammatically with the essential components of a simple circuit, namely, a battery, a bulb 
and some wires. Six possible arrangements ranging from options 'a' to 'f' was shown. Pupils 
were asked to select, and support with their reasoning, one arrangement that they think will 
result in the bulb lighting up. In this instance, both options 'c' and 'd' portray closed circuits, 
with option 'd' being the more obvious answer. 

3. Can you identify the path taken by electric current in a closed circuit? 
The third question is focused on the path taken by electric current as it tlows in a 

closed circuit. Pupils were presented with four correctly drawn, identical, closed circuit 
diagrams. In each diagram, a possible path taken by electric current as it tlows through the 
circuit is shown and labeled. Among the four options, option 'a' shows the "clashing 
currents" model, option 'b' shows the "unidirectional model" where the path of electric 
current flow is through all the bits in the circuit in the direction from the positive to the 
negative terminal of the battery. Option 'c' shows essentially a "single-wire" model in that it 
depicts the current leaving the positive terminal of the battery and travelling through one wire 
to the bulb (which serves as a kind of electricity "sink") and at the same time there is no 
current flow in the second wire. Option 'd' is similar to option 'c' in that it shows the "single
wire" model, but it shows the current leaving the negative terminal of the battery and 
travelling through one wire to the bulb; again there is no current flow in the other wire in the 
circuit. Pupils were asked to select, and justify their selection with reason(s), the diagram 
which shows most correctly the path taken by the current. In this instance, option 'b' is the 
most appropriate response. 

4. Can you identify which battery has the most current flowing through it? 
The last and fourth question is focussed on finding out what pupils think about the 

relative magnitude of current in different parts of a series arrangement. Pupils were shown a 
diagram of a lighted torch containing the series arrangement and were asked which of the 3 
hatteries (new and identical) has the most current flowing through it. While the idea that the 
amount of current flowing in a series arrangement is the same throughout is not explicitly 
stated in the P4 syllabus, this question is deemed useful because inferences can be made from 
the pupils' responses as to whether they think regard an electric current as being conserved as 
it flows in a closed series circuit. Thus, pupil's responses to this question taken together with 
their responses to question 3 can provide information as to the pupil's mental model of 
electric current flow. 
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Administration of the questionnaire 
The questionnaire was administered to an intact class of P4 pupils (N=37) in a 

neighbourhood school prior to formal instruction on the topic. The pupils were asked to 
express their views through written responses to the questionnaire. Interpretation of the 
responses was validated through one-to-one interview sessions with 14 of the 37 P4 pupils. 
The same questionnaire was re-administered to the same class of P4 pupils immediately after 
formal instruction to study the effect of formal teaching on what pupils think about the topic. 
The method of teaching essentially follows the recommendations in the teacher's guide where 
concepts are introduced and developed through hands-on and minds-on activities involving 
the use of concrete materials. 

To extend the scope of the study, a separate intact class of P5 pupils in the same 
school (N=39) was also included to find out they think about the same aspects of electricity. 
These PS pupils had, in the P4 year, undergone similar formal instruction on the topic. The PS 
class was selected based on the fact that they were similar in profile to the P4 class, in terms 
of their performance at P3 level and home background (i.e. lower socio-economic status). A 
crude comparison was then made with the data collected from the P4 pupils after instruction. 
The aim of this comparison is to have some answers, albeit tentative and inconclusive, to the 
4uestion. whether understanding of aspects of electricity studied increase with age or time. 

Findings 
I( a) Can you identify the presence an electric current? 

Table l: Results for case of Table Lamp with its electrical cord detached from 
electrical source 

There was no electric There was an electric I have no idea 
current current 

P4 Pre Instruction 80% 20% 0% 
P4 Post Instruction l)4% 6% 0% 
P5 Post Instruction lJ7% 3% 0% 

Pnor to instruction, almost 80% of the P4 pupils stated that there would be no 
electric current flowing in the table lamp. The prevailing reason offered was that 
"the lamp's plug is not plugged into (connected to) the wall socket". The 
remaining 20% stated that there is an electric current flowing and the re~ons 
offered included "there is an electric current that exists in the wires" and "that 
the bulb will light up" (which did not really answer the question). After 
instruction this percentage was reduced by 14 percent, i.e., the vast majority 
thought correctly that there is no current flow, a result which was comparatively 
similar to that of the PS group. 

T bl 2 R a e esu ts f or case o fB attery an dB lb . h u Wit out connectmg wires 
There was There was I have no 

no electric current an electric current idea 
P4 Pre InstructiOn 40% 60% 0% 
P4 Post Instruction 83o/r 17% 0% 
P5 Post Instruction l)7% 3% 0% 

Pnor to mstructton, only 40% of the P4 pupils answered correctly that there IS 

no current flow. Among the reasons offered were, "there is no wire connecting 
the battery and the bulb, resulting in an open circuit" (acceptable reason) and "the 
bulb did not light up" (unacceptable reason since this does not explain anything). 
Sixty percent (60%), however, stated that there would be an electric current 
flowing. The most common reason offered was, "the battery gives electricity to 
the bulb through the positive terminal". After formal instruction, the majority of 
the P4 (83%) and P5 (97%) pupils agreed that there is no electric current flowing 
in the arrangement shown. 
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2. 

T bl 3 R a e esu ts f or case o f L. h d T h a 1g1 te ore 
There was There was I have no idea 

no electric current an electric current 
P4 Pre Instruction 869( ()9( l4o/r 
P4 Post Instruction I OOo/r ()o/r ()0;( 

PS Post Instruction 92% 89( H':'i 

Pnor to mstructiOn. 86% of the P4 pupils agreed that there 1s an electnc 
current flowing and the prevailing reason offered was "the bulb lights up" (which 
was tautological). However, 14% <;:>f the pupils had no idea. After formal 
instruction, all P4 ( 100%) and P5 (92%) pupils agreed that there is a current flow. 
and the general reason offered was, "there is a closed circuit". 

b) Do you think there is an electric current in this 'Eveready' battery? 

T bl 4 R a e esu ts f or case o f 'E d ' b verea 1y attery 
A battery has no electric A battery has an electric 

current tlowing in it current tlowing in it I have no idea 
P4 Pre Instruction 2Yii 51 o/c 22o/r 
P4Post Instruction 22';{ 539( 25o/r 
P5Post Instruction 28(11 319( 41% 

Pnor to mstruct10n. 27% of the P4 pupils responded that there 1s no electnc 
current flowing in the battery. A variety of reasons were given and they ranged from 
"there is no casing and bulb", "battery don't have current", "battery is not in contact 
with anything" to "battery has no switch or wire". 51%, however, stated that there is 
an electric current flowing in the battery. Among the reasons offered were, "it 
contains electricity". "it contains electric current", "it can give off light", "there is 
wire in the battery", "it is made of metal", "battery can make radio and torchlight 
work"'. The remaining 22% stated that they had no idea. After instruction. there was 
a slight decrease of 5% in the percentage of P4 pupils who think that there is no 
electric current flowing in the battery. At the P5 level, the percentage of pupils who 
stated correctly that there is no electric current in the battery was comparatively 
similar to the P4 data collected. However, the percentage of pupils who stated that 
they had no idea had almost doubled. 

c 'd ff an you 1 en HY a c ose d . c1rcm 
Option a Option b Option c Option d (correct Option e Option f 

(correct ans) 

P4 Pre y;; 3'/( 13% 29o/c 39°/r, 13% 
InstructiOn 
P4 Post 0% ()qf ric 65o/t 25% 3o/c 
Instruction 
PS Post ()0;( O'Yr ()(Y£, 100% 0% 0% 
Instruction 

Pnor to mstruct10n. 13% and 29% of the P4 pupils selected option 'c' and 'd' 
respectively as the correct answer. The prevalent reason given by the pupils was that 
"The wires were connected correctly between the battery and the bulb". Another 39% 
chose option 'e' as their answer. and the main reason offered was "both wires from 
the positive and negative ends of the battery must be connected to the metal tip of the 
bulb in order for it to light up". The remaining 19% stated that they had no idea under 
the reason section even though they had selected one of the options 'a', 'b' or 'f' as 
their answer. After instruction the percentage of P4 pupils who selected option 'd' 
was increased by 36% to 65% while the figure for P5 was 100%. Practically all pupils 
who selected option 'd' were able to support their choice by suggesting that it 
represents a closed circuit. 
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3 c ·d ·r h an you 1 entl v t e_pa th k b ta en 'l' e ectnc curren mac ose d . ClrCUI . 
Opt1on a Option b (correct Option c Option d I have no 

Answer) idea 

P4 Pre Instruction 45% 26% 15% 3% II o/c 
P4 Post Instruction 22o/c 62% 8% 0% 8% 
P5 Post Instruction 18% 72% IOo/c Oo/c 0% 

Prior to instruction, 26% of the P4 pupils chose option 'b' as the correct 
answer. However, among them, only 9% suggested that electricity current flows 
round and round. The other 17% did not know why. The next 63% chose either 
option 'a', 'c' or 'd' as their answer. Predominant reasons provided by the pupils who 
chose option 'a', 'c' or 'd' were as follows: energy is passed from the battery through 
the two wires to the bulb (option 'a') and the battery supplies current to the bulb 
(options 'c' and 'd'). The remaining II% of the pupils stated that they had no idea of 
how electric current flow in a closed simple circuit. After instruction, 62% and 72% 
of the P4 and P5 pupils chose option 'b' as he correct answer respectively. While 
there is substantial increase in the percentage of pupils who chose option 'b', some of 
the reasons offered were not quite acceptable, eg. 'it is correct' (P4-33%, P5-27% ), 'it 
is because there is nowhere else for electric to go' (P5-3%). 

c 'd 'f h' h b an you 1 enti ~y w IC attery h h as t e most current fl h h. ? owmg t roug1 It. 
All 3 batteries have Battery I has Battery 3 has most I have 

same amount of current most current current no idea 
P4 Pre Instruction 5% 21% 60% 14% 

P4 Post Instruction 15% 21% 38% 26% 
P5 Post Instruction 51% 5% 34% 10% 

Pnor to mstruction, 5% of the P4 pupils stated that the battenes all have the 
same current flowing through them. 81%, however, suggested that relative position of 
the batteries from the bulb and with each other determine the extent of electric current 
flowing through them. The remaining 14% of the pupils have no idea. After formal 
instruction while there is an slight increase in the number of pupils who stated that the 
amount of current flowing through all 3 batteries is the same, these P4 'pupils 
remained unable to furnish a reason for their answer. With respect to the P5 pupils, 
while the percentage of pupils who stated that the amount of electric current is the 
same through all 3 batteries has risen to 51%, there remains almost half of the pupils 
who stated otherwise. Most of the P5 pupils who stated correctly that amount of 
electric current in all three batteries is the same were able to support their answer with 
the reason that "the same amount of current flows in the closed circuit." 

The results of pupil's responses to question 4 are could be taken as an -
indication, albeit tentative. of the pupil's model about current flow. In other words, it 
is inferred (albeit tentatively) that the pupils who stated that the amount of current 
flow in the batteries are not the same probably did not have the accepted 
"unidirectional with conservation" view of the electric current. Instead these pupils 
appeared to subscribe to the view that electric current gets consumed as it flows in the 
circuit. 

Discussion 

The results show that with respect to some of the concepts tested, the P4 pupils showed 
significant gains after formal instruction. These include concepts on identification of the 
presence of electric current (question 1 a), identification of a closed circuit (question 2), 
identification of the path taken by the current (question 3). There are 2 exceptions, question 
I b and question 4 that merit discussion. 
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In question 1 b, formal instruction did not seem to affect the percentage of P4 pupils 
who stated that there is a current flowing in the battery. The significant percentages of both 
P4 and P5 pupils post-instruction who stated that there is a electric current flow in the battery 
(53% and 31% respectively) was a cause for concern and this question was probed in depth in 
the one-to-one interview with 14 pupils of the P4 class. In the interview, pupils were 
presented with a battery and asked whether they thought there is a current flowing in the 
battery. Five of these pupils answered in the affirmative. They were then to encouraged to 
explain their thinking. Two of them suggested that "battery contains electricity", and when 
probed further as why they think there is a electri~ current flow in the battery, they replied 
that "electricity is electric current, isn't it?''. 

Thus, it appears that pupils "who really know their stuff' such as those two interviewed 
are put in a somewhat confused situation. On one hand, they have acquired the intended 
science concepts that "battery is a store of electricity'' and that "electricity is a flow of electric 
current": on the other hand, they have not learned the finer distinctions between these two 
concepts. From their perspectives, based on these two concepts they have acquired, it would 
appear quite logical to infer that there must be a current flowing within the battery itself. 

This suggests that perhaps the teacher should point out more specifically that the battery 
contains chemicals which are capable of producing electricity or electric current, but it does 
not mean it stores electricity in the sense that reservoirs store water. Perhaps the concept that 
"the battery is a store of electricity" should be replaced with "the battery is the source of 
energy in an electrical circuit" in order to minimise pupils' confusion. This in turn would 
suggest the topic on "electricity" should be moved from P4 to P5 or even P6 after concepts of 
energy and energy conversion have been covered. In other words, some re-sequencing of the 
current topics in the syllabuses might be appropriate if pupils' learning are to be enhanced. 

From pupils' responses to question 4 some inference could be made as to the kind of 
mental models pupils might hold with respect to current flow in a circuit. For example, it is 
inferred (albeit tentatively) that the pupils who stated that the amount of current flow in the 
batteries are not the same probably did not have the accepted "unidirectional with 
conservation" view of the electric current. Instead these pupils appeared to subscribe to the 
view that electric current gets consumed as it flows in the circuit. Thus it appears that at most 
only 15% the P4 pupils appear to think that electric current is conserved as it flows in a closed 
circuit: while about 50% of the P5 pupils appears to view the current as being conserved as it 
flows in a closed circuit. These figures suggest that understanding of current flow perhaps 
improved with age. They are also not unreasonable compared with the figures reported in 
overseas studies. The results also suggest that the "unidirectional flow of current with 
conservation" needs to be made more explicit in classroom. 

The results on question 3 (identification of path taken by the electric current) suggest that 
after formal instruction. about one fifth of the P4 and P5 pupils appear to hold the "clashing 
current" model of electric flow (22% and 18% respectively) while about one tenth of each 
class appear to hold the "single wire" model of current flow. While these percentages are not 
generalisable to the entire cohort or population. they are not unexpected given the findings 
reported of overseas sample as stated in the introduction section of this paper. These figures 
are a reminder to classroom teachers that a variety of different conceptions persist even after 
teaching and that more specific conceptual change teaching strategies might be called for if 
these less acceptable models of current flow are to be replaced with the scientist's view. 

Conclusion 

While the findings of this exploratory study should be limited to the samples tested and 
not generalisable across the entire cohort nor the population of primary school pupils, it 
nevertheless point to some of the specific difficulties that primary pupils could have with 
respect to learning certain aspects of electricity. 

pt 
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Further studies, perhaps those involving intensive one-to-one interviews of a larger 
and more representative sample of pupils could throw more light on the nature of specific 
difficulties pupils face: the data obtained would also be helpful in the design of conceptual 
change strategies to address pupils' difficulties as well as helpful in syllabus or curricular 
revision and implementation. 
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