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Picturing Electricity,  

Investigating Models of Electric Current   

 

Introduction 

Introductory physics courses typically begin the study of electricity with the concepts of 

electric charge, the force interaction between charges, and the distribution of those charges on 

conductors and insulators.  Often the discussion of electric potential and energy is introduced as 

well as general purpose of a voltaic cell or battery.  After those fundamental concepts are 

presented, an introduction to electric current and simple DC circuits follows with the common 

example of conductive wires connecting a dry cell battery to light an incandescent bulb.  During 

this time, students will often use the properties associated with current interchangeably with 

other electrical terminology such as voltage, power, and energy (Engelhardt and Beichner, 2004). 

The physical sciences are part of science standards taught at all grade levels K-8 in the 

state of Indiana.  But the specific study of electric current and circuits are often overlooked for 

most grade levels.  The Indiana Department of Education requires the topics of current electricity 

to be addressed only in the 4th grade, and references electricity in the 7th grade study of 

conservation of energy in closed systems.  The only high school science standards with specific 

mention of electric circuits are the courses Integrated Chemistry & Physics, Physics-I and 

Physics-II (Indiana Department of Education, 2021).  For many years the College Board’s 

Advanced Placement Physics B, revised as Physics-1, course included the topics of electrostatics 

and electric circuits.  It issued a course coverage update in 2021 that removed the entire 

electricity unit of study from the AP Physics-1 placement exam (AP Physics 1 Exam, 2021).  
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With limited exposure to the formal study of electricity, the models used to understand this 

essential part of modern life will be quite diverse.   

Misconceptions about DC circuits vary widely and have been researched by many 

(Gilbert & Watts, 1983; Shipstone, 1988).  Three very common misconceptions include (1) 

current is consumed by circuit components, (2) current comes from the positive pole of the 

battery and enters the bulb where it is consumed to the produce light which is not affected by the 

wire connected to the negative pole, and (3) current comes out from both poles of the battery and 

clashes in the bulb (Küçüközer and Kocakülah, 2007).  This third case is referred to as the 

“clashing current” model (Osborne, 1983) and is used by some students as rationale for the 

production of light.  In this process, energy is released during the collision of electric current.  

Often students will have multiple misconceptions and difficulty in the areas of circuit principles, 

circuit components, and series verses parallel principles (Widodo, Rosdiana, & Fauziah, 2018).  

Evaluating a learner’s misconception is important so that instructors can develop appropriate 

conceptual perceptions about teaching electric circuits (Moodley & Gaigher, 2019). 

The focus of this research will be to analyze a pre-assessment survey given to 

undergraduates, mostly non-science majors, during an introductory physics course.  The survey 

was constructed as an extension of previous work conducted by Bob Kibble from the Moray 

House Institute, Edinburg University, UK (Kibble, 1999).  The survey results were categorized 

into four general classifications and separate parts of the circuit were compared for similarities 

and differences within the circuit.  A final comparison was done with the students’ responses and 

any prior physics course work taken in a secondary school setting. 
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Pre-Assessment Survey 

The survey that will be analyzed in this report was inspired by the previous work of a 

similar nature published in 1999 by Bob Kibble in the journal Physics Education.  Kibble’s 

prompt is shown in Appendix A.  It asked students to “Make a drawing of what you would see 

inside the wire” that was not connected to anything and again as the wire was placed into a 

simple circuit with a battery and bright bulb.  In addition, students were given writing prompts 

“My drawing shows...” for each.  Kibble administered his surveys to 89 BEd year 2 students 

prior to the first lecture on understanding electricity.    

The focus of the revised pre-assessment survey is to allow students to express their 

mental model of electric current within conducting wires both in an open-circuit and a closed-

circuit.  Students were prompted to make a drawing and write a brief description about electrical 

activity within the wires.  The complete pre-assessment survey is shown in Appendix B.  This 

survey was targeting not just the student’s model of electricity within a wire, but also at different 

locations along a circuit that not only included a battery and incandescent bulb, but also the 

addition of a switch that was either in the open or closed position, (Figure 1). 
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Figure 1 

DC Circuit Pre-Assessment Prompts

 

 

Note: Each prompt was printed on the top of separate pages. 

The students were asked to “Make a drawing depicting the electrical activity taking place 

inside the wire…” for each of the section between two components.  The sections A and D both 

represent the same wire either in an open or closed circuit and similarly for sections B and E, as 

well as sections C and F.  It is important to note that the battery cell has “+” and “-” terminals 

indicated which students were familiar with as the sign convention for electric charge, but no 

prompting was given to guide student to depict charged particles within the wires.  These 

prompts were also designed to investigate students’ concepts about current flow on either side of 

the light bulb.   After students had completed three drawings for the circuit, they were also given 
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a writing prompt to “Describe the differences, if any, of the electrical activity in these sections.” 

as a way to further explain the inner working of open and closed circuits.  

The pre-assessment survey was administered to 85 undergraduate students enrolled in an 

algebra-based introductory physics course.  Similar to the research done by Kibble, the students 

surveyed were preservice elementary teachers ranging from freshmen to seniors.  It was assigned 

before the first lesson on electric current, but after students had explored electric charge and 

basic chemical cells. 

Undergraduate Responses 

The responses to the pre-assessment survey were classified in a manner similar to the 

Kibble survey by seeking general commonalities among the drawings and creating four broad 

categories.  The Kibble survey only had two drawing, one for a wire not connected to any 

component and another wire in an active DC circuit, in which he made the following categories: 

(1) a description of the physics appearance of the wire with no mention of current or particles, 

simply strands of wire encased in plastic insulation, (2) the motion of charged particles under 

various names or symbols, (3) particles without a charge perhaps linked in some way but not 

moving, and (4) something energetic passing along the wire, usually wavey or sparky. 

 The revised pre-assessment survey found very similar ideas, with the exception of the 

literal physical appearance of the wire.  All seemed to grasp the idea of being asked to draw 

something unseen and within the wire.  The results were placed into the following four 

categories and illustrated with examples in Figure 2: 

1. Uniform Shading or Nothing: These drawings would have no indication of particles and 

no mention of motion. 
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2. Particles with Motion: These would depict a definite series of particles, sometimes with a 

“+” or “-” symbol, but not necessarily.  Also, they would have arrows or specific mention 

of flow in a particular direction. 

3. Particles with No Motion: Similar to the previous category, but no mention of motion or 

current flow. 

4. Motion with No Particles: These drawing would not have discrete images of particles, but 

would have some symbolic representation of energy or current.  Often these were the 

wavey lines or bolts of energy.  
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Figure 2 

Response Categories with Student Examples 
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Note: The four categories of responses to wire sections. 
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These ratings were given to each section for each circuit, a total of six for each student.  Of the 

85 surveys given, only one was not completed and excluded from the data analysis.  The results 

of the student’s response are shown in Figure 3 and Figure 4. 

Figure 3 

Categorical Responses for each Section in the Open Circuit  

 

Figure 4 

Categorical Responses for each Section in the Closed Circuit  
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The pre-assessment survey also asked students for written descriptions of any differences for 

the sections in a particular circuit.  These differences were also categorized based on the 

drawings and any written responses.  Responses for each circuit differences were placed into one 

of the following five categories: 

0. All wire sections had the same electrical activity. 

1. The section A or D was different and the other two have the same electrical activity. 

2. The section B or E was different and the other two are the same. 

3. The section C or F was different and the other two are the same. 

4. All three sections were different electrical activity from each other. 

An important distinction had to be made in regards to direction of current flow.  Due to the 

layout of the battery and bulb in the figure, many students would indicate direction as either right 

or left, but with the concept of the circuit a similar direction was taken to be either clockwise or 

counterclockwise.  For example, a student might have section D to the left and section E to the 

right, yet those were considered the “same” counterclockwise direction when categorizing the 

response.  Yet, sections E and F would be considered “different” if one was to the left and the 

other to the right, both in the direction toward the bulb on either side of it (Figure 5).  

 

  



PICTURING ELECTRICITY  11 

Figure 5 

Responses from the Pre-Assessment Survey taken by Undergraduates 

       

Comparison to Kibble Responses 

The results from the Kibble survey (Figure 6) focused on the closed circuit with glowing 

light bulb and showed that the majority of the students’ responses were not drawn as moving 

charges.  Rather the wavey or sparky representation was most common followed by the physical 

mechanical interior of the wire.  Only 15% of the students had a picture of moving charges. 

Figure 6 

Responses from the Kibble Survey for BEd Year 2 Students 
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Kibble (1999) concluded that “Most models visualized the electricity as an ‘energy’ best shown 

by sparks or waves. For these students the ensuing lecture in which I offered a predominantly 

particle model of electron motion must have been quit a revelation.” (p. 228). 

 While the revised pre-assessment survey had slightly different categories, there were 

some similarities with the Kibble results.  The most common depiction for the closed circuit was 

the ‘Motion with No Particle’ that often took the form of a wavy or curved drawing (Figure 4).  

This closed circuit also had many students drawing a ‘Particle with Motion’ that would combine 

with the previous category to comprise a total of 84% of the surveys.   It would seem that when 

the circuit was closed and the bulb producing light, a strong majority of the students pictured 

some type of motion or energy being present.  This revised survey did not have students trying to 

depict the literal mechanical construction of the wires, as did 37% of the Kibble surveys.   Yet, 

when differences for each of the sections are examined, there is something important to note, as 

shown in Figure 5 for Closed Circuit.  Section F on the side of the bulb directly connected to the 

negative battery terminal was notably different than sections D and E that were connected to the 

positive terminal and switch.  There was 44% of the responses that indicated some difference for 

section F.  It was typically expressed in the direction of the motion within the wire as shown in 

Figure 7.   
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Figure 7 

Student Examples of Closed Circuit with Clashing Currents 

    

 

Many depicted a type of “clashing current” flow that met at the light bulb (Osborn, 1983).  Once 

the switch was closed motion came out of both terminal of the battery and flowed toward the 

light bulb.  The direction of motion in section E was typically toward the right in a 

counterclockwise direction and section F flowed toward the left in a clockwise fashion.  If 

electric charge was drawn, often positive charge was entering one side of the bulb as negative 

charge was entering the other side of the bulb.  Within the lightbulb the meeting of current was 

somehow responsible for the production of light. 

 As Kibble focused mainly on the closed circuit, the revised pre-assessment survey also 

looked at student’s models for the open circuit while connected to the battery and unlit bulb.  

These models varied widely with no clear categories more prominent than another (Figure 3).   

While the most popular was ‘No Particles and No Motion’, the second most was ‘Motion with 

No Particles’.   For an open circuit, this seems quite curious.  The majority of the responses for 

sections of the wire connected to the battery directly, sections A and C, still had some property 
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that was depicted with an energetic or motion symbol, even when the switch was open.  It was 

common for students to have the perception that a section of wire connected to a battery possess 

some energetic motion within the wire whether or not the circuit was open or closed (Figure 8). 

Figure 8 

Student Examples of Energetic Motion in Open Circuit 

      

There is stark contrast for section B that was not in direct contact with the battery but placed 

between the switch and unlit bulb.  This section had 76% of students depicting a form of ‘No 

Motion’ or lack of energy.  This can be seen in the analysis for response differences.  For the 

Open Circuit, 27% of responses had section B as different while sections A and C were the same 

and 18% felt all three sections were different (Figure 5). 

Prior Physics Experience 

Respondents to the revised pre-assessment survey were also asked about prior formal 

physics course work that might have been taken before college enrollment.  They were to 

indicate if they had taken General Physics, Advanced Placement Physics, Integrated Chemistry-

Physics (basic Physical Science), or no Physics courses during secondary school.  The results are 

shown in Figure 9.   
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Figure 9 

Prior Physics Experience for Surveyed Undergraduates 

 

With a large majority of these surveys completed by undergraduates who have never had any 

formal education in the topic of electric current, the following analysis was made in regard to 

student responses for each of the sections of wire for both types of circuits (Figure 10). 
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Figure 10  

Categorized Responses with and without Prior Physics Experience 

 

Note: Specific type of prior physics was not separated. 

 The results seem to show that for the closed circuit with lit bulb, there is no major 

difference between those with prior physics coursework and those without.  There can be seen 

that prior experience does not tend to a “Particle’ depiction for activity within the wire sections.  

The model for electric current with specifically drawn particles or charges is not typical for those 

with prior physics experience.  
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Application and Further Research 

The revised survey was intended to provide greater depth in the understanding of 

student’s models of electric current before a unit of study begins.  Student models of electrical 

activity inside a wire can be used to aid instructors in preparing lessons and assessments. The 

results analyzed in this research showed a few common trends in students’ depiction of electric 

current.  One common concept was the presence of electrical activity within a wire once contact 

is made directly to a terminal of the battery, whether the circuit is closed or not.  Yet, a wire has 

a lack of this activity when not connected to a power cell.  A fundamental change occurred 

within the wire once contact is made to either terminal of a power source.   Another common 

response was a model that lacked a small particle used to carry the energy or current flow.  Even 

after being introduced to the positive and negative electric charge concept and diagrams of 

statically charged objects, such as an electroscope, a student will not necessarily use those when 

picturing current in a circuit.  A final key finding was the lack of similarity among the three 

sections of wire within a circuit, whether closed or not.  The simple series circuit possessing a 

common current flow along each of the sections is not to be taken for granted.   

 For further research, it would be recommended to explore students’ ideas that produce a 

clashing current model at the light bulb.  The students have been introduced to the concept of 

conservation of electric charge prior to this survey during the study of electrostatics, but it 

appears to be neglected in many of the pictures when electric charge is modeled.  Adjustments or 

additions to this survey could include the use of an additional wire segment to short circuit the 

bulb.  Students who have the clashing current misconception have difficulty with a scientific 

explanation for the concept of a short circuit (Önder, 2017).  Also, the circuit diagram used in 

this survey was generated from a PhET simulation, provided online by the University of 
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Colorado, Boulder at https://phet.colorado.edu/.  Perhaps a photograph of actual components 

would cause a variation of imagery from students.  An additional survey could be generated to 

compare electric charge flow with the commonly used analogy of fluid flow within a closed 

system.  A survey for students to depict the activity of water molecules that flows within pipes 

could be compared to electric activity within wires of a circuit. 

 This pre-assessment survey also shows the importance of allowing students to express 

their mental pictures and models of systems at the beginning of a new lesson.  The opportunity 

for students to express their ideas and make predictions about processes enable instructors to 

make informed decisions to produce an enriched learning experience (Morrison & Lederman, 

2003).  A survey such as this can be utilized before the start of any new lecture or laboratory 

investigation to enhance understanding for both student and instructor. 

Conclusion 

In conclusion, the introductory physics student has a wide variation of models for 

picturing electricity in a circuit.  Even with prior instruction, the commonly accepted models for 

electric current will need to be developed.  The incomplete and diverse models will likely be 

used initially by students as electric current is introduced and circuit components and properties 

are explored.  The model for electric charge within a wire will developed and conservation of 

charge expanded upon from an electrostatic view to that of direct current circuits.  The use of a 

pre-assessment survey will allow students to express their concept of electricity and provide 

instructors aid in teaching electric circuits.  
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Appendix A 

Kibble Survey 
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Appendix B 

Pre-Assessment Survey – Open Circuit, page 1 
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Pre-Assessment Survey – Closed Circuit, page 2 

 

 


