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Students' Ideas Found in This 
Study 

Examples of Evidence in Students' Work and Explanations 

1. Opposite charges attract and like 
charges repel. 

M: [W]hen [the little positive charge] comes in, it is immediately repulsed by the big 
positive charge and attracted to the big negative charge. 

2. Two opposite charges ought to 
be combined. 

X: The little positive charge came into the room and saw two charges. It looked for a big 
charge to combine with.  

3. The attraction or repulsion from 
a source charge could be in any 
direction around it depending on 
where the little charge is. 

All three students drew arrows in all directions. 

4. Electric forces act 
simultaneously when multiple 
charges are present. 

All three students drew two force arrows from different charges in the same frame. 

5. Electric interactions are 
contiguous interactions. 

X: The big charges are sending out signals to the little charge [to let it know whether it 
is gonna be attracted or repelled]. 

6. Strength of electric force 
depends on the amount of charges 
and the distance between charges.  

M: [A] little charge may not attract as strongly as a big one, or... the strength of 
attraction [of a big charge] is bigger.   
G: They were the closest, so the attraction between them was the strongest. 

7. Force lines and trajectories are 
different lines but related. 

G: When there is no initial velocity, the little charge's trajectory is a straight line and the 
same as the force line; if there is an initial velocity, the little charge's trajectory is 
curved and should be thought of as different from the force line, even though the lines 
look the same. 

8. Arrows diagrams had mixed 
meanings that combined both the 
direction of the force and of the 
charge's motion.  

All three students said something related to this idea: They [the arrows] represent 
attracting forces as well as [the charge's] trajectory. 

9. Arrow lines are like magnetic 
field lines.  

M: These electric field lines should start from the positive charge and end at the 
negative charge. They should be curves and fill out the space. 

MOTIVATION METHOD 

Participants:  
• A 90-minute electricity lesson. 
• Students were ninth graders ages 15 to 16.  
• They had received no formal instruction on electrostatics. 
• Lesson started with students playing Electric Field Hockey 
(http://phet.colorado.edu/en/simulation/electric-hockey) for 
10 minute. 
• Comic strip activity during the rest of the lesson. 

Data Collection:  
• Collected 92 students' work from three groups of students.  
• Decided to focus on students' use of arrow diagrams. 
• Post-class interview with X, M, and G. 
• They included arrow diagrams throughout their work.  
• The interviews were in Chinese and video recorded.  

RESULT 

DISCUSSION 

1. Ideas that are not mentioned in the literature. 
Ideas 1-3 are basic characteristics of electrostatics: for 
example, opposite charges attract and like charges repel 
(idea 1). We speculate that the reason why they are not 
mentioned much in the literature is that previous studies 
focus on students' learning difficulties, but so far students 
have not shown significant difficulties understanding these 
ideas. 

2. Ideas that contrast with previous studies. 
Ideas 4-7 are about features and representations of 
electrostatics that are more complex than ideas 1-3. Our 
findings contrast with previous studies.  
Previous studies have emphasized obstacles students have 
encountered when learning these ideas, and highlighted the 
incorrect answers or explanations students have produced 
in the questionnaires administered in their studies. In our 
study, we recognized students' ability to generate these 
ideas. 

3. Ideas that are similar to claims made in previous 
studies. 
Ideas 8 and 9 are similar to previous study claims. 
Nevertheless, we do not broadly conclude that students 
confused representations but should examine more 
meticulously the specific situation in which the 
representations were produced. Moreover, in our opinion, 
when students connect electricity to magnetism, they do so 
in an attempt to make sense of the task at hand using their 
own resources5; the differentiation between electricity and 
magnetism will emerge when students encounter other 
scenarios in which that differentiation becomes necessary. 
This viewpoint is different from those of other scholars who 
have taken it to mean that students are apt to confuse 
magnetism with electricity1,7. 
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The concept of electric field is typically introduced in high 
school physics or the entry-level college course. Physics 
education researchers have investigated students' 
understandings of the electric field and documented ideas 
prevalently held by students post instruction.  
Previous studies:  
• Primarily focused on college students. 
• Predominantly adopt questionnaires written in formal 
language. 
• Assess students' ideas post-instruction. 
• Representations of the electric field are given in the 
assessment. 
• Focus on learning difficulties and insufficient gains. 

! Students think the bigger charge exerts a stronger 
force between two interactive charges1;  
! Students confuse field lines as the moving 
trajectories of charges2;  
! Students believe electric forces act at a distance 
rather than through a medium3; 
! Students use a sequential description to account for 
factors that affect a situation simultaneously when 
describing electrostatic phenomena4.  

Currently we lack a wealth of research about: 
• High school students' understanding of the electric field; 
• In-depth perspective of students' comprehension of the 
electric field pre-instruction; 
• Representations they produce; 
• Ideas expressed in informal settings; 
• A resources viewpoint5 on students' conception. 
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RESEARCH QUESTION 
What ideas of the electric field do high school students 
have as they produce representations of it in an informal 
context before they receive formal instruction? 

Instrument: 
• Comic strip worksheet.  
• Positive and negative charges were characters of a 
cartoon series.  

Data Analysis: 
• Transcribed the videos and translated them into English.  
• Qualitative analyses of students' written work and the interview transcripts.  
• Flagged students' responses that reflected their understandings of the electric field.  
• Compared their ideas with those that have been reported by previous studies. 
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Sample student worksheet. 

The electricity lesson. 

The three students we interviewed. 

Summary of the student worksheet for the comic strip activity 

X's, M's and G's work on the comic strip activity. Summary of students' ideas. 


