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A PHENOMENOGRAPHIC APPROACH TO STUDENTS' 
ALTERNATIVE CONCEPTIONS OF ELECTRICAL CIRCUITS 

King Luu 

ABSTRACT 
This study examined the variety of alternative conceptions that 
students have regarding electrical circuits using a 
phenomenographic approach. Five graduate students completed a 
questionnaire and simple activity relating to electrical circuits. 
The questionnaire involved describing terms that are commonly 
covered in electrical circuits, and drawing a simple circuit 
involving a piece of copper wire, a battery, and a light bulb. 
Participants were then instructed to create a circuit using these 
materials and to describe the thoughts they were experiencing 
while completing this activity. These data formed the basis for a 
conversation style interview with the participants. A 
phenomenographic approach was then used to create an outcome 
space for these conceptions, which were organized into a 
hierarchy. It was found that every participant conceived his or her 
electrical circuit in a different way. Although the level of physics 
education may have influenced the way in which participants 
completed their circuits, the nature of activities that their 
instructors chose to present in class may also have shaped their 
descriptions of how the circuit worked, as did their own real-life 
experiences. 

INTRODUCTION 
This study examined alternative conceptions of electrical 

circuits held by graduate students with different levels of physics 
knowledge, to qualitatively make connections between their 
experiences and the conceptions they hold, in order to understand 
the difficulties students have with this topic. 

Physics education research has focused on studying how 
exactly students learn physics; one of these topics is to identify the 
conceptions they hold about the physical world and how they are 
altered as a result of various methods of instruction (Knight, 
2004). Knight states that students' personal experiences exploring 
their physical world during their lifetime have resulted in 
common-sense theories that may be "satisfactory for their day-to 
-day existence" (p. 26); these conjectured beliefs are termed 
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alternative conceptions. Knight describes three characteristics of 
alternative conceptions: (l) they are strongly held beliefs by the 
students, used to explain and predict phenomena and are resistant 
to change; (2) they are incompatible with the explanations 
provided by physicists; and (3) they need to be altered or 
eliminated if students are to "achieve a satisfactory understanding 
of physics" (p. 26). 

Unfortunately, the instructional approach taken by certain 
teachers and professors in the classroom does not help to address 
these alternative conceptions. Prosser and Trigwell (1998) identify 
a range of different conceptions of teaching and learning, from 
teacher-centred (i.e., teacher as presenting information) to student-
centred (i.e., teacher as bringing about conceptual change). In the 
former, the emphasis is on facts and skills, but not on the 
relationships between them, and students are not actively engaged 
in the teaching-learning process; whereas in the latter, teachers are 
helping students change the way they see the world or the 
alternative conceptions they have. It is the students who need to 
reconstruct their knowledge in order to "produce a new world view 
or conception" (p. 154). 

Prosser and Trigwell (1998) describe a relationship between 
students' perceptions of their learning environment and the 
approach they take within that class. They state that students who 
perceive the workload demands of a subject to be high, and 
perceive the nature of the assessment as encouraging recall of facts 
and bits of information are more likely to adopt a surface 
approach. However, when a choice is given in what there is to be 
learned, the teaching is of a high quality, and there are clear goals 
and standards for what is to be learned, then a deep approach is 
likely to be taken. Bernhard, Carstensen, and Holmberg (2007) 
found that alternative conceptions remain even after studYing 
physics at the university level; as a result, students have 
difficulties making connections between science and engineering 
concepts that would allow them to better apply models and 
theories to the real world of objects and events. 

Meyer and Land (2006) have described troublesome 
knowledge as that which is not thoroughly understood by students; 
as a result, the knowledge diminishes and "[does] not serve them 
beyond the compass of the course and its superficial credentials" 
(p. 37). Troublesome knowledge is characterized into five 
categories: ritual knowledge, inert knowledge, conceptually 
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difficult knowledge, foreign or alien knowledge, and tacit 
knowledge. In ritual knowledge, teachers unintentionally alter the 
meaning of a concept in order to make it more understandable for 
the students. The students, who may still have difficulties, set out 
to learn this form through mimicry (as a ritual), and therefore do 
not progress to a thorough understanding. Inert knowledge is not 
contextualized, and therefore not integrated into a form that can 
be used. Perkins (2006) states that conceptually difficult 
knowledge consists of a mix of misimpressions from everyday 
experience, reasonable but mistaken expectations, and the 
strangeness and complexity of scientists' view of the matter. In 
other words, the scientifically understood explanation for a 
concept, the ritualized form presented by teachers and learners' 
everyday experiences are all acquired, but it is the latter that 
predominates outside the classroom. Related to conceptually 
difficult knowledge is alien knowledge, described as 
counterintuitive to the learner, as it conflicts with his or her own 
knowledge. Perkins (in Meyer and Land) describes tacit 
knowledge as troublesome, since understandings are shared within 
a community of practice (Wenger, 1998) but subtleties exist that 
are not conveyed to those outside the community. Thus, 
newcomers that have not been exposed to these nuances have 
trouble grasping the meanings of these shared understandings. 
Finally, closely related to tacit knowledge is troublesome 
language: terminology in specialized fields may have different 
connotations in other fields, thereby posing problems with 
communication. Meyer and Land also note that when a person is 
not familiar with the language, it may adversely affect the content 
that is described by the language. 

According to Posner, Strike, Hewson, and Gertzog (1982), 
when a learner encounters a new phenomenon, he or she relies on 
knowledge to organize his or her investigation. This can take the 
form of assimilation, where existing concepts are used to handle 
this phenomenon; or accommodation, where the concepts are 
inadequate to allow the learner to successfully grasp the new 
phenomenon. The latter is what results in alternative conceptions. 
Accommodation is a "gradual adjustment in one's conception, 
each new adjustment laying the groundwork for further 
adjustments but where the end result is a substantial 
reorganization in one's central concepts" (p. 223). If the concept 
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becomes counterintuitive during the progress, it may result in 
students' retention of their alternative conceptions. 

Phenomenography is a qualitative, inquiry-based method that 
focuses on how human beings "make sense of experience and 
transform experience into consciousness" (Patton, 2002, p. 104). 
Marton and Booth (1997) state that the purpose of 
phenomenography is to focus on the variation in experiences 
across a group of learners, whereas the human experience of these 
learners is the essence of the variation that defines the phenomena. 
Sonnemann (as cited in Patton) describes it as a "descriptive 
recording of immediate subjective experience as reported" (p. 
482). The different ways that learners experience the problem 
have a relationship to each other, and can be organized into 
categories of description that group aspects of the phenomenon 
and the relationships between them; they form a complex called 
the outcome space (Marton & Booth, 1997). There are two levels 
of description of the situation in phenomenographic research — 
the first-order perspective focuses on the way that the learner 
experiences the world, whereas in the second-order perspective it 
is the underlying ways in which the learner experiences the world 
(Marton & Booth). These perspectives will "be judged in the light 
of other statements about relevant phenomena . as to whether they 
seem to be valid, consistent, and useful statements" (p. 119). These 
different notions that learners have can be examined by studying 
the variations in how they approach a scientific concept. 

According to Marton (in Orgill, 2007), questions about 
learning can be approached in two ways, either (a) by orienting 
ourselves towards the world and making statements about it (i.e., 
the focus is on the study of the phenomenon itself), known as the 
first-order approach; or (b) by orienting ourselves towards the 
ideas and experiences of others (i.e., the focus of the study is on 
how people experience a given phenomenon), the second-order 
approach. In phenomenography, the participant's use of language 
is important in order to make his or her accounts of the experience 
and conceptions accessible to the researcher (Marton & Booth, 
1997). 

The assumption of phenomenography is that "conceptions are 
the product of an interaction between humans and their 
experiences with their external world" (Orgill, 2007, p. 134). 
Based on this assumption, the objective of this research is to use a 
phenomenographic approach to examine alternative conceptions 
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of electrical circuits taken by graduate students from different 
backgrounds, and to describe and relate the experiences that led 
them to accommodate these conceptions. 

METHODOLOGY 
The Marton and Booth (1997) method of conducting 

phenomenographic research was followed in this study. 
Phenomenography was used in order to gain an understanding of 
how students with different levels of education approach a 
problem on electrical circuits. The first step, data collection, 
begins when the learner is involved in learning about a particular 
phenomenon, in a specific situation. 

Five participants were selected for this study using 
convenience sampling. All were graduate students at a Canadian 
university. Four of these students were from the Faculty of 
Education; one was from the Department of Sociology. One 
education student had no education in physics beyond middle 
school; the rest had taken at least one course in physics at the 
secondary or postsecondary level, although none of them were 
physics or engineering majors. Trigwell (in Orgill, 2007) states 
that samples chosen should maximize the possible variation, to be 
able to identify the variations within a group. Individual 
interviews were conducted in a conversational style, with written 
notes taken by the interviewer. 

A questionnaire was given prior to the interview, which 
consisted of demographic data such as highest level of education 
in science or engineering and undergraduate major. There was also 
a section where participants defined five terms commonly 
encountered in electrical circuits. Knight (2004) states that 
students do not have a well-defined concept of current; as a result, 
they use the term interchangeably with electricity, or energy. 

Once the participant has completed the questionnaire, he or 
she is presented with a situation where they apply their prior 
knowledge of electrical circuits to create a diagram, described as 
follows: 

Imagine that you have been given a light bulb, a 
piece of copper wire, and a battery (dry cell). 
Draw a pictorial diagram that would allow the 
light bulb to illuminate. 
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The participant is given time to complete the task, which also 
includes a brief explanation to justify their reasoning. Afterwards, 
the participant is presented with the equipment described in the 
situation, which consists of an ampoule (rated to 2.4 V); a 20 cm 
piece of copper wire, and a 1.5 V "AA" size dry cell. The 
participant is then instructed to assemble the equipment in the 
same manner as depicted in his or her diagram, to determine 
whether or not it works. 

Participants were then engaged in a discussion with the 
researcher, to share their thoughts about why the light bulb 
illuminated (or did not). Marton and Booth (1997) describe this 
aspect of data collection as the learner's state of meta-awareness, 
since he or she is being probed by the researcher about how the 
experience was produced. Through the use of semi-structured 
questioning, connections were sought between the definitions, the 
explanation of the participant's diagram, and his or her thoughts. 
The questions were then directed towards each participant's 
personal life experiences with electrical circuits, to better form 
connections to his or her experiences during the study. The 
questioning took place until a common understanding about the 
learner's experience was attained. 

RESULTS AND DISCUSSION 
The factors that influenced the ways in which participants 

approached the concept of electrical circuits are summarized in 
Figure l. The discussion will be integrated into this section to 
provide a contextual exploration and analysis of ideas. The results 
are based on data collected from (a) the written questionnaires, (b) 
the activity, and (c) the discussion with the participants. 
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Figure l. The categories ofdescription for students' 
conceptions of electrical circuits. 

Pre-activity questionnaire 
The terms on the questionnaire relating to electricity, energy, 

current, voltage, and power were used as a form of activating the 
participants' prior knowledge. All participants had some level of 
trouble distinguishing these words. For example, voltage: 

Andy: "I get this confused with amps. It is quantifiable and I 
believe it is associated [with] the amount of cell [within] a battery, 
but then we see it elsewhere [with] 220 & 110 in the household." 

Brandon: "[T]he 'amount' (magnitude) of electrical charge." 
Clara: "Can be measured in volts it describes another 

characteristic of electricity." 
Emily: "[M]easurement of energy." 

Andy and Brandon are confusing voltage with current somewhat, 
but demonstrate attempts to incorporate scientific terminology in 
their responses, whereas Clara could not define the term 
unambiguously; Emily's response was the simplest, but could be 
considered partially correct if it could be related to potential 
energy in a circuit, the difference being voltage. (Dawn was 
unable to come up with a definition.) There appears to be a 
relationship between the detail of the response and previous 
exposure to physics. In comparison, participants described 
current, with responses ranging from most to least complete: 

Brandon: "[T]he flow of electricity." 
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Andy: "Associated [with] electricity (type of electricity) 
created by a source (battery)." 

Clara: "[Clan be measured in Amps . . . it describes a 
caracteristic [sic] of electricity." 

Emily: "[T]he direction in which energy flows." 
Brandon and Emily identified current as the flow of something 
(e.g., electricity and energy, respectively); however, none of the 
participants mentioned electrons in their description of current, 
but those with a science background connected it with electricity. 
When asked to define electricity in written form: 

Dawn: "[T]he flow of electrons through a conductive medium. 
Andy: "Type of energy I suppose. Can be created by different 

means to power items or accomplish tasks." 
Clara: "Is a form of energy. It is invisible. It can be generated 

by having turbines rotate. It can be transported using wires!" 
Emily: "[P]ower generated by water or coal, used for power." 
Brandon: "[C]harges that [turn] on lights." 
In general, electricity is seen as a larger-scale application (i.e., 

electricity comes from power generators or fossil fuel combustion, 
which is then transported to households). Dawn provided a unique 
response that would more appropriately define current. Thus, 
when asked about electricity in a general context, participants 
relied on examples from their everyday lives to support their 
answers. Andy and Clara used energy in their definition, defining 
it as a form of energy, again, a more scientificallyinformed 
response than Brandon and Emily. Brandon and Emily's advanced 
preparation in physics may explain this difference. 

In summary, there is a relationship between the quality of 
responses for these closely related terms, and the level of 
education, despite having completed the course(s) years ago. 
Andy, having taken the most physical sciences courses, 
consistently provided responses that demonstrated an 
understanding of the terms. Emily, with the least training, based 
most of her responses on the context of her life. Brandon, with 
high school physics, fell somewhere in between. Both Andy and 
Clara used the units of measurement for current and voltage in 
order to differentiate the terms. (Clara had taken physics in 
CÉGEP, the college-level preparatory system in Quebec.) When 
asked about the types of learning they experienced in high school 
and CÉGEP, both of them mentioned a strong emphasis on 
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mathematical calculations, rearrangement of equations and 
physical formulae. In their classes, they were expected to know 
the units of measurement, most likely in order to properly report 
their answers to quantitative physics problems using the correct 
units. 

Participants ' conceptions ofelectrical circuits 
 Bulb as a two-terminal device. 

Andy: Circuit with two points of contact on the light bulb; one on 
the side, one at the base (Figure 2). 

 

Figure 2. Andy 's diagram ofa circuit. 
Explanation: The circuit needs to be fully closed for the 

electrons to move, and the bulb has two terminals. There is a 
conversion of chemical energy to thermal and electrical energy. 

Did it work? Yes 

 Bulb as a threshold to the electrical circuit. 

Brandon: Circuit with two points of contact on the light bulb, one 
on each side (Figure 3). 

Explanation: Creating a close [sic] circuit so that electricity 
can move from [negative] to [positive] (in the battery) through the 
light bulb. 

Did it work? No 

 
Figure 3. Brandon 's diagram ofa simple circuit. 
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Clara: Circuit with continuous point of contact on the light bulb, 
twisted along the coils (Figure 4). 

Explanation: The copper wire will conduct the electricity 
from the negative node of the battery towards the positive one. 
The light bulb will use the electric current to create light. 

Did it work? No 

 
Figure 4. Clara 's diagram of a simple circuit. 

 Bulb as a disconnected entityfrom the circuit. 

Dawn: Circuit with one point of contact on the light bulb, at the 
base (Figure 5). 

 

Figure 5. Dawn 's diagram ofa simple circuit. 

Explanation: What will make the light bulb to turn on is the 
flow of electrons from the battery . . . the circuit need [sic] to be 
completed for the electrons to flow back into the battery + 
circulate again to the bulb to allow it to keep lighting. 

Did it work? No 

 Bulb as an attractant ofelectricity. 

Emily: One end of wire (coiled up) makes contact with base of 
light bulb, and the other touches one end of the battery (Figure 6). 

>< 
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ev  

Figure 6. Emily's diagram ofa simple circuit. 

Explanation: The copper wire might act as a type of 
conductor. 

Did it work? No 
It can be seen that Andy, Brandon, Clara, and Dawn, each having 
completed at least one secondary-level physics course, recognized 
the need for a closed circuit in order for the light bulb to illuminate 
and the directionality of current flow in a circuit; however, only 
Andy was successful in making the bulb illuminate. Emily, with 
only an elementary science education, took a different approach 
and coiled the wire, with one end touching the battery, and the 
bulb with the other. Building a circuit 

The next part of the activity focused on having participants 
conceive, illustrate and construct a basic electrical circuit. 

Andy's initial reaction to the problem was that two pieces of 
wire were needed to create a circuit, in addition to a switch; 
however, after some thinking, he created one using a single piece 
of wire. This was not unique; other participants who recognized 
the need for a complete circuit also posed the same question. 
Perhaps this initial reaction is related to previous experiences with 
circuits from high school, which may have involved other 
equipment in more elaborate setups (e.g., switches, sockets, 
multimeters). The second aspect of making the light bulb 
illuminate successfully is the identification of the light bulb as a 
twoterminal device (a threshold concept that needs to be 
understood, however simple it may seem). 

Brandon thought that if two pieces of wire were not given, the 
way to circumvent this problem would be to "twist [the wire] 
around at the bottom where it connects [at the base of the bulb]". 
Having tried this, and was unsuccessful, decided that two pieces 
were definitely necessary. However, when he was given the 



12 

second piece of wire, with both ends making contact at the bottom, 
the bulb still did not light up. 

Clara thought that contact needs to be made throughout the 
surface of the bottom, and twisted the wires along the cap. This 
was thought to be analogous to screwing in a light bulb into a 
socket, since contact is made between the energy source and the 
device (e.g., the light bulb). 

Dawn, like Brandon, had the wire make contact with the bulb 
by bending it, with the formed angle touching one point at the 
bottom of the bulb. After one attempt, she said, "I'm going to wrap 
the [cap] around the wire", and came up with an arrangement 
similar to Clara's, with the same result. She was able to make the 
light bulb illuminate after having been given a real socket, since 
she remembered using that in high school. 

Emily took an approach unique from the others in that it was 
unidirectional and was connected to only one end of the battery. 
She coiled up the wire (much like the spring found in the slot of 
battery-operated devices). She tried the positive end at first; 
realizing that this did not work, thought that the negative end 
might, but obtained the same result (i.e., the bulb did not 
illuminate). 

Explanation of the circuit 
After the participants assembled their circuits, they had an 

opportunity to explain what led them to their ideas. 
Andy was asked about to provide an explanation of what was 

going on in the circuit, and relating them to the definitions he 
provided. He stated that current "was not reactionary" and 
therefore does not change; however, he stated that "nothing 
happens" to voltage after it passes through the bulb either, since it 
is a series circuit. To explain what was happening, he knows that 
there are chemical-to-thermal and chemical-to-electrical energy 
conversions, but keeps thinking of kinetic energy when the term 
"energy" is mentioned. He states that he cannot associate kinetic 
energy with batteries. He also did not know how power is related 
to the circuit, either. Therefore, his practical approach was good, 
and he demonstrated an understanding of energy conversions, but 
he was having difficulties discerning the different forms of energy, 
and differentiating between energy and current. 
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Brandon constructed a closed circuit, but it did not work. 
Through his experience, he knew that current was running from 
"one pole to another" by the fact that his hands were becoming 
warm. He says that he thought the current "would go through, 
from the battery into the light, and then back down and pulling it 
along." His explanation for the bulb's failure to light was that the 
"connectivity was not as good" as that of his body, and as a result, 
there is no need for the current to go into the light, and instead, 
would pass through his arms. He thought the connectivity would 
improve if a second wire was added, but nothing happened. I asked 
what happens to the voltage as it passes through the light bulb, and 
he said it remains constant, like the current--it either starts or 
stops--and suddenly drops when the battery dies. He could not 
explain or describe why it did not work without the use of a socket. 

Clara was similarly confused, thinking that "something is 
wrong . . need two wires, somehow . . something is missing," 
because otherwise the loop could not be closed. When asked, she 
said that "wires run from a light switch in a home to the lamp, and 
there is two wires." After she said that, she was still wondering 
why her hands were getting warm, even though "we don't have a 
complete loop.".Then, she had a revelation: "The circuit is just 
going around, avoiding the light bulb . . . [it] is a resistor . 
. providing resistance. It makes it harder for more energy to go 
through it. It wouldn't go through the resistor if it didn't have to." 
She describes electricity as energy in the battery, in moving 
format. In contrast to Andy, Clara thinks that electrical energy is 
a form of kinetic energy. 

Dawn thought that "there would be a flow of electrons, go 
through the wire, through the light, back to the wire, and then to 
the battery." She was another participant who stated the need for 
another piece of wire. She then thought, "in theory, it should have 
worked, unless the way I wrapped it around was just wrong . . . 
the electricity is conducted through the bottom on the black part, 
because it's all continuous metal, so I think it should have 
worked." She explains that electrical energy comes from the 
electrons, which originate in the battery and flows from positive 
to negative. She thought that the reason why the light bulb was not 
lighting was because there was "some sort of disconnect from the 
wire to the bulb that would enable electrons to flow from the wire 
and into the filament." 
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Emily thought there was a "sidedness" to electricity--this was 
because her setup was not closed--and was given the opportunity 
to construct her design. Her rationale was based a previous project 
done by a graduate student on transformative learning that 
involved light bulbs, and the way it was arranged included "wires 
attached to the battery, there were a couple of wires, one went 
from the battery to the bulb, and the other went from the battery 
to this material that grounded the charge." Thus Emily was 
relating it to the last time she used similar equipment, but she was 
unable to recall the material that grounded the charge. 

In terms of electrical circuits, Knight (2004) states that lack of 
experience with circuits results in these alternative conceptions. 
There are two possibilities that I can suggest for the participants 
who were unable to make their setup work: either (a) their teachers 
did not emphasize the basics of electrical circuits prior to covering 
more advanced materials; or (b) students were taught the basics, 
however, their alternative conceptions were not completely 
rectified, and were still prevalent during the activity. Based on the 
conversations that I had with the participants, it appears that the 
former was more likely, based on open questioning about their 
instructors' teaching strategies and a review of the light bulb 
circuitry that did not refresh their memories. Knight (2004) states 
that the transmission mode of instruction is of limited utility to 
students, and instructors should adopt an active learning approach 
instead. It is possible that the participants' teachers in high school 
used a passive learning approach, and not enough emphasis was 
placed onto the qualitative aspects of physics. 

A number of studies have been conducted to examine 
students' understanding of electrical circuits, particularly those 
between 9 and 18 years of age (see Wandersee, Mintzes, & Novak, 
1994, for a summary). The models that predominated at younger 
ages include: (l) single wire, where current leaves the battery and 
travels to one wire to a bulb (this was the view taken by Emily); 
and (2) clashing-currents, where electricity leaves from both 
terminals of the battery and travels towards the bulb (i.e., 
electricity is bidirectional; none of the participants used this 
model). These views evolved into unidirectional models at an 
older age. Accordingly, the participants with high school 
education were able to recognize this threshold concept, but not a 
second one based on the current flow within a light bulb. 
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Participants ' thoughts and experiences 
The final part of each interview was completed by open 

questioning to have the participants describe life experiences and 
their education in physics, which would provide a connection 
between their ideas and these outside influences. (Some of them 
are certified teachers or planning careers as educators, and 
discussed some ideas relating to teaching science.) 

Andy, a teacher's college graduate, felt that although he was 
familiar with definitions and terminology, he wished that he had a 
better grasp of the topic, since teachers may have alternative 
conceptions of their own and rely too heavily on textbooks, since 
there is a "safety" in doing so. Other factors that may affect 
teachers' abilities to take a deeper approach include classroom 
management issues and availability of time and materials. 

Brandon stated that wires may work more effectively if they 
are covered with plastic, since it helps "bring the wires together to 
keep the electricity flowing . . reducing energy loss . . . and 
prevents electrocution." Thus Brandon thought that the plastic 
insulation increases the conductivity of the wires. 

Clara recalled using a socket whenever a circuit was created 
in high school physics classes, and so I gave her one and asked 
her to explain. While she knew that a socket does not inherently 
power a light bulb, she explained the function of the socket as 
follows: "It's what we just did, just now that the current is forced 
to travel across the silver surface whereas last time it depended on 
how it was held." Therefore, Clara concluded that the socket 
directs the current towards the light bulb, forcing it to light. 

Dawn also mentioned using a socket whenever a light bulb 
was used in her previous courses. Similar to Clara, she thought a 
socket was necessary because it removes the "disconnect from the 
wire to the bulb [and] that would enable electrons to flow from the 
wire into the filament." 

Emily described several instances involving electricity. First 
she described the difference between conductors and 
nonconductors. She thought that perhaps copper "wasn't a good 
conductor," or that there was a better material. She then 
(inadvertently) tried to make connections between electrostatics, 
perhaps because of the use of the terms 'positive' and 'negative', 
even though there is no relationship. As a lamp is plugged into the 
wall, she says, "there's some sort of current, and it moves in the 
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direction of the light bulb, it must be the light bulb that attracts the 
electricity." The negative end "stabilizes the current," relating it to 
a car battery jump-starting procedure (in which she had previous 
experience). 

Heller (in Wandersee et al., 1994) performed a study of 
elementary and middle school teachers' conceptions of electric 
circuits and found that the majority of the teachers subscribed to 
the same alternative conceptions as that of their students (e.g., 
brightness of a light bulb depends on the current reaching it, and 
as more light bulbs are added, the amount of current decreases). 
Heller suggests that this may be caused by misinformation in their 
primary source for basic science information: the elementary 
science textbook. 

Difficulties that students have include interpreting voltage as 
a property of the current, rather than the potential difference 
between two points (i.e., a change in energy), and inability to 
distinguish terms that appear to be synonymous (Hierrezuelo & 
Montero; Driver, both cited in Gonzålez Sampayo, 2006). These 
two concepts posed trouble during this study as well to the 
participants, both in the definitions they provided and their 
explanations following the activity. 

A summary of the four conceptions are presented in Table l, 
along with information provided by the participants during the 
interview. 

 

Types 
of Use of scientific Applications to 
language everyday life 

a bulb is connected 
by a 

2. Bulb as eJect1iciO• is not  of sciatific electrical wiling circuits, 
lectu-edisconnected and coumu based ix&uctiæ entity from the
 power switåes to desigz 
3. Bulb as chooses units of ehanæg threshold to not to pass
 æasuenmt, bulbs, based ilEO-uctim, electrical circuit bldb 
 physical finandae apliaæes because resistazee is too 
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Table 1. The outcome space €students ' conceptions qfelectrical ciraäts. 

The order of the categories 
In the four qualitatively different ways of thinking about 

electrical circuits, there are two features that are crucial to a 
complete understanding of the activity, namely (l) the need of a 
circuit to be closed for electricity to pass (i.e., all components must 
be arranged in a circular loop), and (2) the recognition of the bulb 
as a two-terminal device. If we regard these as threshold concepts 
identified by the participants, the categories could be ordered 
hierarchically, based on whether or not these thresholds were 
identified. If both thresholds were recognized, then it suggests a 
corresponding increase in the participants' understanding of 
electrical circuits; however, since electrical conductivity is an "all-
or-none" process, both thresholds need to be passed for a 
successful outcome (i.e., recognition of one feature alone will not 
make the bulb illuminate, and thus becomes an alternative 
conception). In the outcome space (Table 1.0), a richer 
understanding of the thresholds appears to be related to the 
participants' experiences and the types of activities they remember 
doing in previous courses. A schematic diagram of the hierarchy 

is 

presented in Figure 7. 

CONCLUSIONS 
This study was conducted in order to find the variations in 

Theshold 
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which participants approached electrical circuits and how their 
experiences shaped their conceptions. Data was collected using 
the technique of phenomenography, which enables the researcher 
to examine the variations taken by participants, while also 
providing information to support their decisions. Thus the 
categories of description from this study consists of four 
qualitatively different ways to construct a light bulb circuit (of 
which only one is correct). These are: (l) a circuit where the wire 
makes contact with the cap of the bulb, and the battery touches the 
bottom of the bulb; (2) a circuit where the wire makes contact with 
the bottom of the bulb and the two battery terminals; (3) a circuit 
with the wire coiled around the cap of the bulb, and the ends 
touching the two battery terminals; and (4) one end of the wire 
touching the base of the bulb, and the other touching one of the 
battery terminals. Participants who had completed high school or 
university courses in physics recognized the need for a complete 
circuit; however, their understanding was still incomplete, 
particularly if the resistor in the circuit did not include a socket. 
However, level of education should not be considered a serious 
limitation in the study, since this concept is part of the elementary 
science curriculum. Participants could not explain why their initial 
designs would not work without a socket. The reasons they 
provided include: (l) the wire did not conduct electricity too well; 
(2) the bulb was too great of a resistor in the circuit; (3) there is a 
disconnect between the bulb and the wire (i.e., a socket forces the 
current into the bulb); and (4) the bulb did not attract the current 
from the battery. 

The 'experiential' learning that participants undertook outside 
the classroom had an influence on the approach that they chose. 
One participant, who had prior experience working with circuits 
in other settings, admits that his teachers focused heavily on 
lecture-based lessons, and this was possibly due to a combination 
of internal and external factors, including teachers' comfort level 
with the material, classroom management, and availability of 
equipment. Other participants had knowledge of material 
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characterizing surface-level teaching approaches, such as 
definitions of key scientific terms and physical formulae, but 
could not explain conceptual ideas using these definitions, or 
qualitative descriptions of the process that is taking place within 
an electrical circuit. The results from this study suggest that 
teaching approaches need to be adjusted if schools are to prepare 
their students to be scientifically literate in today's society. The 
results support Knight's work in physics education research 
(2004), in that a lack of experience with circuits may lead to 
development of these alternative conceptions, and 
recommendations by Posner et al. (1982), who suggest that more 
emphasis should be given to the assimilation and accommodation 
processes to students learning a concept, rather than "coverage," 
and that sufficient observational theory should be taught in order 
promote understanding of any concept anomalies. 

RECOMMENDATIONS 
It is important to note that although the level of education in 

physics for each of the participants were different, their approach 
to the given situation is not solely dependent on this factor, as 
basic electrical circuits are introduced in Grade 6 (elementary 
school), and the participants have had different life experiences 
prior to completing this activity. Therefore, the participants in this 
study had adopted an understanding of the concept that was not 
generalizable to other situations, nor one that could be recalled. 
Clara strongly remembers assessment measures that were heavily 
focused on quantitative concepts, which was substantiated by her 
knowledge of physical formulas during her interview. Relating 
Andy's comment about teachers, perhaps they were more 
comfortable spending class time on material they were more 
familiar with (e.g., calculations), and assuming a tacit knowledge 
about basic circuits that the students do not, in actuality, have. One 
limitation to the current study would be the activities performed 
in the experiment. Other studies have involved adding two light 
bulbs to a circuit and having participants describe what happens 
to the current and the voltage, and how it would affect the 
brightness. This would, however, have a different focus, since it 
would be difficult to perform this study if students did not pass the 
threshold of recognizing the bulb as a twoterminal device. This 
could be simplified by providing sockets for the light bulb. It 
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would be interesting to conduct a similar study with Grade 6 
teachers currently working professionally, in order to explore the 
alternative conceptions they may have, and the approaches to 
learning that they convey. Previous studies have been conducted 
with elementary and middle school teachers (e.g., the study by 
Heller, described briefly in the Results and Discussion section of 
this paper), but involved written assessments. 

This study may be of interest to elementary teachers. The 
results suggest that it is necessary to spend time on the 
ftmdamental concepts, regardless of their simplicity; otherwise, 
students' alternative conceptions may strengthen over time and 
become troublesome at higher levels of education. If the goal is to 
prepare students for a scientifically literate citizenship, teachers 
should strive for a deeper approach that prepares students for long-
term understanding. 
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APPENDIX 

Pre-activity questionnaire given to participants. 

Questionnaire 

l . Describe the highest level of education or training that you 
received related to physics or engineering. elementary 
science high school college or university other 
(please describe):  

2. What was your undergraduate major? 

3. Describe the following terms as best as you can. If you 
like, you may provide examples that would support your 
description. 

electricity  energy  current Oltage ower 
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PLEASE COMPLETE THE QUESTIONS IN ORDER 

l . Imagine that you have been given a light bulb, a piece of copper 
wire, and a battery (dry cell). Draw a pictorial diagram that would 
allow the light bulb to illuminate. 

2. Add arrows and label the diagram. 

Once you have finished your diagram, provide any additional 
information that may help describe how the light bulb is able to 
illuminate in your diagram. 

Now, assemble the equipment in the same manner as you 
described in your diagram to determine whether or not your 
arrangement worked. If it did not work, describe the logic or 
rationale you were taking as you attempted this; why do you think 
it did not work? 


