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Objective: Electric potential difference is a fundamental concept in physics, yet students 

frequently experience conceptual difficulties in understanding it. Although previous 

research has documented common misconceptions through different assessment 

frameworks, relatively little is known about the structural quality of students' 

understanding as described by the SOLO taxonomy. Therefore, this study aimed to assess 

high school students' conceptual understanding of electric potential difference using the 

SOLO taxonomy and to identify the common misconceptions reflected in their responses. 

Method: The study employed a descriptive study with a quantitative approach. The 

participants were 92 female high school students in grades 11 and 12. Data were collected 

using a researcher-developed open-ended diagnostic assessment (𝛼 = .74) aligned with 

the SOLO taxonomy. Written responses were analyzed to determine understanding levels 

and identify common misconceptions. 

Results: Most students demonstrated understanding at the unistructural and 

multistructural levels, with few reaching relational or extended abstract levels. Analysis 

revealed persistent conceptual difficulties in distinguishing electric potential difference 

from electric potential and electrical energy, highlighting students' fragmented 

knowledge. 

Conclusions: This study contributes to physics education by providing a structured 

analysis of high school students’ conceptual understanding of electric potential difference 

using the SOLO taxonomy. The findings revealed limited conceptual understanding and 

persistent misconceptions among students, highlighting the need for instructional and 

assessment practices that better support conceptual learning. 

Cite this article: Rahmani, F., Zeinali, Z., & Ahmadi, F. (2026). Assessing High School Students’ Conceptual Understanding 

of Electric Potential Difference Using the SOLO Taxonomy. Iranian Journal of Learning and Memory, 9 

(34), 119-141. DOI: https://doi.org/10.22034/iepa.2026.578195.1592  

 

© 2026 by  The author(s) retain the copyright 

Publisher: Iranian Educational Research Association. 

DOI: https://doi.org/10.22034/iepa.2026.578195.1592  

 

file:///C:/Users/ahmadi/Downloads/Eitaa%20Desktop/fatemerahmani05@gmail.com
mailto:Zeinali.zhr@gmail.com
mailto:fahmadi@sru.ac.ir
https://doi.org/10.22034/iepa.2026.578195.1592
https://doi.org/10.22034/iepa.2026.578195.1592
https://orcid.org/0000-0003-0303-2561
https://orcid.org/0009-0000-5021-5120
https://orcid.org/0000-0002-9295-3014
https://creativecommons.org/licenses/by-nc/4.0/


 

120 Iranian Journal of Learning and Memory, Volume 9, Issue 34, 2026 

 

 

Introduction 

Developing a meaningful understanding of fundamental physics concepts is a central objective of 

science education. However, many physics concepts are inherently abstract and require students to 

coordinate multiple representations and interconnected ideas. As a result, physics is often perceived 

as one of the most challenging school subjects, and students frequently develop fragmented 

understandings that hinder subsequent learning (Williams et al., 2003). Within this domain, 

electricity has consistently been identified as a particularly difficult area because many of its 

underlying processes cannot be directly observed. 

Electric potential difference (PD) is one of the core concepts in electricity and electromagnetism 

and plays an essential role in understanding electric circuits, electric fields, and energy transfer. 

Despite its importance, students experience persistent difficulties in developing a coherent 

understanding of this concept (Moynihan, 2018; Taşkın & Yavaş, 2021). Research in physics 

education has shown that learners often struggle to distinguish potential difference from related 

concepts such as electric current, electric potential, and electrical energy (Burde & Wilhelm, 2020). 

Students also encounter difficulties understanding the conservative nature of electric fields and 

frequently assume that the work done by an electric field depends on the path taken by a charged 

particle rather than only on its initial and final positions (Mi et al., 2023). Similar studies have 

reported challenges in connecting macroscopic circuit behavior with microscopic models of charge 

motion (Leniz et al., 2017). These findings suggest that understanding electric potential difference 

requires integration of several interconnected ideas, a task that many students consider difficult to 

accomplish. 

Although previous studies have identified a wide range of misconceptions related to electric 

potential difference, most have focused on determining whether students possess correct or 

incorrect conceptions. Such approaches provide valuable information about common learning 

difficulties but reveal comparatively little about the quality and organization of students’ 

understanding. Consequently, students who produce similar answers may differ substantially in the 

depth, coherence, and integration of their conceptual knowledge. This limitation highlights the 

need for assessment approaches capable of examining not only what students know but also how 

their understanding is structured (Pashaei, 2025). 

The Structure of the Observed Learning Outcome (SOLO) taxonomy developed by Biggs and 

Collis (1982, 1989) offers a framework for addressing this challenge. Rooted in the 

phenomenographic tradition of educational research, SOLO focuses on the structural quality of 

learners’ responses and describes increasingly sophisticated levels of understanding, ranging from 

fragmented knowledge to integrated and transferable reasoning (Marton, 1981; Prosser, 1994). 

Unlike Bloom’s taxonomy, which primarily classifies intended cognitive processes, or Webb’s 
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Depth of Knowledge framework, which emphasizes task complexity, SOLO evaluates the quality 

of the learning outcome itself (Irvine, 2021). Previous studies have shown that SOLO can support 

both formative and summative assessment by distinguishing different levels of understanding 

within responses to the same task (Aripin et al., 2020; De Florio, 2023). Furthermore, its emphasis 

on the coherence and integration of knowledge makes it particularly suitable for investigating 

conceptual understanding in science education (Keane et al., 2016; Page, 2022). Evaluating the 

depth of learning among students is crucial for fostering higher-order cognitive skills and ensuring 

meaningful educational outcomes (Asadi et al., 2017; Heidari & Bazgirpour, 2025). 

The value of SOLO has been demonstrated in mathematics (Adeniji et al., 2022; Mulbar et al., 

2017), chemistry (Tian et al., 2024), computer programming (Aronshtam et al., 2021; Malik et al., 

2021), and science education more broadly (Davies & Mansour, 2022; Irvine, 2021). Although 

related phenomenographic approaches have previously been applied in physics education (Guth & 

Pegg, 1994; Prosser, 1994), relatively little research has used SOLO to examine students’ 

understanding of electric potential difference. Consequently, while misconceptions associated with 

this concept are well documented, less is known about the structural progression of students' 

reasoning and how varying levels of comprehension are reflected in their responses. 

To address this gap, the present study investigated high school students’ conceptual 

understanding of electric potential difference using the SOLO taxonomy and identifies common 

misconceptions reflected in their responses. By examining both the level and structure of students’ 

understanding, this study contributes to a more nuanced characterization of conceptual learning in 

electricity and provides evidence that may inform future assessment practices in physics education. 

The study was guided by the following research questions: 

RQ1. What levels of conceptual understanding of electric potential difference are demonstrated by 

high school students according to the SOLO taxonomy? 

RQ2. What misconceptions and conceptual difficulties related to electric potential difference can 

be identified from students’ responses? 

Materials and Methods  

Research Design  

This study employed a descriptive research design with a quantitative approach to investigate 

students’ conceptual understanding of electric potential difference using the SOLO taxonomy. 
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Participants  

The participants were 92 female high school students enrolled in Grades 11 and 12 at a public high 

school. The school was selected through convenience sampling (Cohen et al., 2017; Creswell & 

Creswell, 2018) based on accessibility and willingness to participate in the study.  

Instruments  

As no standardized SOLO-based instrument was available for assessing students’ understanding 

of electric potential difference, a researcher-developed open-ended assessment was designed for 

this study. The development process began with an analysis of electric potential difference 

questions presented in the official high school physics textbook.  

The assessment instrument was aligned with the national high school physics curriculum and 

informed by key literature in physics education, including Hewitt (2002), Redish (2003), and 

Knight (2015), as well as previous research on students’ conceptual difficulties in electricity and 

electric potential difference. The initial version of the instrument consisted of 11 open-ended 

assessment items designed to address different levels of conceptual understanding within the 

SOLO framework.  

To ensure consistency between item design and SOLO taxonomy levels, the proposed 

classifications were independently reviewed by experienced physics educators prior to finalizing 

the instrument. Based on the expert review process, six items were retained without modification, 

four items were revised, and one item was removed. Consequently, the final version of the 

assessment consisted of five open-ended questions comprising ten analytically distinct assessment 

items. Question 1 contained four sub-items, while questions 3 and 4 each included two sub-items. 

The final instrument included two unistructural items, three multistructural items, two relational 

items, and three extended abstract items.  

Table 1.  Distribution of Assessment Items Across SOLO Levels 

Question Level Score 

1-A Unistructural 1 

1-B Multistructural 2 

1-C Multistructural 2 

1-D Unistructural 1 

2 Extended abstract 4 

3-A Extended abstract 4 

3-B Relational 3 

4-A Extended abstract 4 

4-B Relational 3 

5 Multistructural 2 
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It should be noted that the SOLO level assigned to an assessment item represented the intended 

cognitive demand of the question. However, consistent with the principles of the SOLO taxonomy 

(Biggs & Collis, 1989), students’ responses could demonstrate understanding at any SOLO level 

regardless of the level originally targeted by the item. Therefore, the assigned level served as a 

design benchmark, whereas students’ actual responses were evaluated according to the full SOLO 

taxonomy rubric. This process is explained in more detail under scoring procedure. 

Procedure Analysis  

To evaluate the clarity, content relevance, and construct validity of the assessment instrument, the 

preliminary version was reviewed by a panel of three experts, including one university faculty 

member in physics education and two experienced high school physics teachers with more than ten 

years of teaching experience. The experts systematically evaluated each item in terms of scientific 

accuracy, alignment with the physics curriculum, linguistic clarity, and consistency with the 

intended SOLO taxonomy level (i.e., unistructural, multistructural, and relational levels). Particular 

attention was paid to whether each item elicited the targeted level of cognitive complexity or 

allowed solutions through lower- level recall or routine substitution. 

Content validity was quantified using Lawshe’s Content Validity Ratio (CVR), the Content 

Validity Index (CVI), and the modified kappa coefficient (k*) to account for chance agreement 

among raters (Lawshe, 1975; Polit et al., 2007). All items met the minimum acceptable thresholds 

for CVR and achieved CVI values above the commonly accepted criterion (greater than .80), 

indicating satisfactory initial content validity. 

In addition to quantitative evidence, qualitative feedback from the expert panel led to several 

targeted revisions. These included  (i) clarifying boundary conditions in electrostatic force and 

work-related problems, (ii) explicitly defining the uniformity of the electric field in parallel-plate 

capacitor items, (iii) refining vector notation to reduce ambiguity in direction-dependent tasks, and 

(iv) rewording relational level items to ensure that students must integrate spatial displacement, 

electric potential differences, and energy transformations rather than rely on direct formula 

substitution. One item was removed due to overlapping constructs and insufficient discrimination 

between multistructural and relational SOLO levels. 

Following revision, a pilot study was conducted with 30 high school students from a comparable 

educational context. The pilot focused on item clarity, response interpretability, and completion 

feasibility. Minor wording ambiguities identified during the pilot were resolved; however, no 

further structural changes were required. Overall, pilot results confirmed that the instrument 

functioned as intended in terms of clarity and cognitive demand alignment. The final version of the 

instrument consisted of five open-ended questions comprising ten assessment items, each explicitly 
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mapped to the intended SOLO level and refined to ensure consistency between cognitive demand 

and construct focus. 

Test Administration and Scoring Procedure  

Students’ written responses constituted the primary source of data. Responses were classified 

according to the SOLO taxonomy using a predefined scoring rubric. Prestructural responses 

received a score of zero, unistructural responses received a score of one, multistructural responses 

received a score of two, relational responses received a score of three, and extended abstract 

responses received a score of four. Based on this scoring system, the maximum possible score on 

the assessment was 26, whereas the minimum possible score was 0. To facilitate interpretation and 

comparison, students’ raw scores were converted to a 20-point scale using a proportional 

transformation. Although SOLO levels are ordinal in nature, assigning numerical values to SOLO- 

based responses has been widely adopted in educational research to facilitate quantitative 

interpretation and comparison of learning outcomes (Adeniji et al., 2022). 

The classification of students’ responses was conducted independently by two experienced 

physics teachers using common scoring criteria. Data collection was conducted with full 

transparency; while student names were attached to the papers for grading purposes, all personal 

identifiers were removed and replaced with a code for the data analysis phase to ensure the 

anonymity of the research data. To ensure consistency in the scoring process, inter-rater agreement 

was examined, and any discrepancies were resolved through discussion until consensus was 

achieved. The internal consistency of the final instrument was assessed using Cronbach’s alpha 

coefficient based on data obtained from the main administration of the assessment. The resulting 

coefficient (α = .74) indicated an acceptable level of reliability for research purposes. 

Data Analysis  

The collected data were analyzed using quantitative procedures. Some analysis was used to 

examine students’ performance across different SOLO levels and assessment items through 

frequencies, percentages, and score distributions. Some analysis of students’ written responses was 

conducted to identify recurring patterns of reasoning and common misconceptions related to 

electric potential difference. Students’ explanations were examined comparatively, and responses 

reflecting similar conceptual difficulties were grouped into common misconception categories. The 

identified misconceptions were subsequently interpreted in relation to existing findings in the 

physics education literature.                                           
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Results   

The results are presented in two sections. The first examines students’ performance levels based 

on the SOLO taxonomy, while the second identifies common misconceptions reflected in their 

responses regarding electric potential difference. 

Students’ Performance Levels  

To illustrate how students’ responses were classified according to the SOLO taxonomy, question 

2 was selected for detailed analysis. This item was chosen because it was designed to assess one of 

the highest levels of conceptual understanding and required students to integrate principles of 

electric potential difference, energy conservation, and particle motion. 

Question 2 

A proton is released from rest at the positive plate of a parallel plate capacitor and reaches the 

negative plate with a speed of 50,000 m/s. The experiment is repeated using a He+ ion (charge = 

e, mass = 4u). What is the ion’s speed when it reaches the negative plate? 

The scientifically acceptable response requires students to recognize that both particles 

experience the same change in electric potential energy and to apply the principle of energy 

conservation to determine how mass influences the final velocity. Within the SOLO framework, 

the item was designed to elicit responses at the extended abstract level because students were 

expected to integrate multiple concepts and apply them in a novel context. Although the item 

targeted extended abstract reasoning, students’ responses were distributed across lower SOLO 

levels. As none of the responses in Question two were categorized as multistructural or relational, 

pilot study examples are included only to illustrate the characteristics of these SOLO levels. 

Representative responses are presented below. 
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A 

 

B 

 

 

 

 

 

Figure 1. Example of Prestructural Response to Question 2 

Note. Panel A presents the student's original handwritten response in Persian. Panel B presents the English 

translation of the same response, preserving the student's original wording and errors. Identifying information has 

been removed. 

 

The analysis indicates that the student was unable to identify the key concepts required to solve the 

problem. In addition to misidentifying the interacting particles, the student failed to recognize that 

both particles experience the same change in electric potential energy, to apply the principle of 

energy conservation, and to relate particle mass to the resulting velocity. Instead, the response relies 

on an arbitrary manipulation of the numerical values provided in the question, without the use of 

relevant physical principles or equations. The reasoning does not reflect an understanding of the 

conceptual relationships underlying the problem, nor does it demonstrate awareness of the role of 

electric potential energy or the influence of mass on particle motion. Consequently, the response 

was classified at the prestructural level. 

  

He+: a proton and an electron 

inverse relationship 

1U

4U
=

50,000 m

200,000 m
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A 

 

B 

Figure 2. Example of Unistructural Response to Question 2 

Note. Panel A presents the student's original handwritten response in Persian. Panel B presents the English 

translation of the same response. 

 

At the unistructural level, the student demonstrated an understanding of one relevant aspect of the 

problem by recognizing the physical configuration of the electric field and that particle mass 

influences the resulting velocity. The response also shows an attempt to establish a mathematical 

relationship between mass and velocity using the given masses of the proton and helium nucleus. 

However, the student focused on this single aspect and did not incorporate other essential concepts, 

particularly the conservation of energy and the conversion of electric potential energy into kinetic 

energy. Consequently, the reasoning remained incomplete and resulted in an incorrect solution.  
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A 

 

 

B 

Figure 3. Example of Multistructural Response to Question 2 

Note. Panel A presents the student's original handwritten response in Persian. Panel B presents the English 

translation of the same response. 

 

At the multistructural level, the student identified several relevant concepts associated with the 

problem, including kinetic energy, electric potential energy, work, and particle mass. The response 

demonstrates knowledge of multiple physics equations, such as (𝐾 =
1

2
𝑚𝑣2), (∆𝑈 = −𝑊) and 

(W = FdCosθ). However, these concepts were applied independently rather than integrated into a 

coherent solution strategy. Although the student began the solution by applying appropriate 

equations, she did not establish the relationship between electric potential difference, the change 

in electric potential energy, and the resulting kinetic energy of the charged particle. Consequently, 

she did not complete the solution process. 

𝑣0 = 0 

𝑣1 = 50,000 m/s 

1

2
𝑚𝑣2 

1

2
× 1 × (50, 0002) =

25

2
× 108                                 𝛥𝑈 = −𝑊 

𝛥𝑈 = −(1.25 × 109)                         1.25 × 109 = 𝐹 ⋅ 𝑑 ⋅ cos 𝜃 

 

+ 
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A 

 

 

B 

Figure 4. Example of relational response to question 2 

Note. Panel A presents the student's original handwritten response in Persian. Panel B presents the English 

translation of the same response. 

 

Rather than treating the relevant concepts as isolated pieces of information, the student recognized 

that the decrease in electric potential energy is converted into kinetic energy and explicitly 

identified the principle of energy conservation as the basis for solving the problem. The response 

also reflects an understanding of the relationship between particle mass and the resulting velocity. 

These conceptual relationships were integrated to establish a coherent solution pathway, 

demonstrating an understanding of how electric potential difference, energy transfer, and particle 

𝛥𝑈 = −𝛥𝐾 =
1

2
𝑚(𝑣2 − 𝑣0

2) ⟶
1

2
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2
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motion are interconnected. Although the underlying conceptual framework is largely correct, minor 

mathematical inconsistencies and incomplete symbolic manipulation remain in the solution. These 

errors reflect limitations in mathematical execution rather than deficiencies in conceptual 

understanding. Consequently, the response was classified at the relational level because the student 

successfully integrated the relevant concepts within the context of the problem but did not extend 

the reasoning to broader situations or formulate a more generalizable principle. The distribution of 

participants’ responses to question 2 across SOLO taxonomy levels is presented in Table 2 and 

illustrated in Figure 6.  

A 

 

B 

 

 

 

 

 

 

 

 

Figure 5. Example of Extended Abstract Response to Question 2 

Note. Panel A presents the student's original handwritten response in Persian. Panel B presents the English 

translation of the same response. 

At the extended abstract level, the student demonstrated a comprehensive and generalized 

understanding of the relationships among the relevant physical concepts. The response correctly 
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applied the principle of energy conservation to determine the motion of the proton and then 

transferred the same line of reasoning to the helium ion by considering the effect of particle mass 

while recognizing that the particles experience the same electric potential difference. The student's 

schematic representation of the physical situation further supports this integrated conceptual 

understanding. The relevant principles and equations were systematically connected to construct a 

coherent solution and complete the required calculations. 

 Extended abstract responses are characterized by the ability to integrate multiple concepts into 

a coherent conceptual framework and to generalize that framework beyond the immediate 

requirements of the problem. This characteristic is evident in the student's work, where energy 

conservation is treated as a general physical principle governing the motion of charged particles in 

an electric field rather than as an isolated equation. The student successfully transferred this 

reasoning from one particle to another, using proportional reasoning to explain how differences in 

mass influence the resulting velocity while preserving the same underlying physical relationship. 

The overall distribution of students' responses across the SOLO levels for question 2 is presented 

in Figure 6 and Table 2, providing a summary of the performance patterns observed for this item. 

 Table 2. Distribution of students’ performance levels for question 2 

 Percentage Frequency Students’ Performance 

83 77 Prestructural 

S
O

L
O

 L
ev

el
s 

10 9 Unistructural 

0 0 Multistructural 

0 0 Relational 

7 6 Extended Abstract 

100 92 Total 
 

 

Figure 6. Distribution of students’ performance levels for question 2 

As shown in Table 2, a substantial proportion of students were unable to demonstrate higher order 

reasoning on this item, with most responses concentrated at the lower SOLO levels. The absence 

0

20

40

60

80

Question 2
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of responses at the multistructural and relational levels for question 2 may reflect the high 

conceptual demand of the item, which appeared to differentiate students who had already 

developed an integrated understanding from those who had not yet established the prerequisite 

conceptual relationships. To provide an overall picture of students’ performance across the 

assessment, responses to all 10 items were analyzed according to their intended SOLO level. The 

results are summarized in Table 3. 

table 3. distribution of student responses across the assessment 

frequency of students’ performance 

solo taxonomy levels 
  

Extended 

Abstract 
Relational Multistructural Unistructural Prestructural 

Level of the 

Item Title 
Question 

* * * 92 0 Unistructural A 

1 * * 31 43 18 Multistructural B 

* * 37 30 25 Multistructural C 

 * * 25 67 Unistructural D  

6 0 0 9 77 Extend Abstract  2 

0 12 6 12 62 
Extended 

Abstract 
A 

3 

* 22 6 9 55 Relational B 

3 0 3 9 77 
Extended 

Abstract 
A 

4 

* 3 9 18 62 Relational B 

* * 77 6 9 Multistructural 5 

9 37 169 253 452 Total 
 

Note. * indicates that the response category was not applicable because it was above the maximum SOLO level 

intended for that item. 

 To provide an overall picture of students’ conceptual understanding, responses from all test items 

were categorized according to the SOLO taxonomy. The resulting distribution across SOLO levels 

is shown in Table 4 and Figure 7. 
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 Table 4. Distribution of students across SOLO taxonomy levels 

 Percentage SOLO taxonomy levels 

49 Prestructural 

28 Unistructural 

18 Multistructural 

4 Relational 

1 Extended Abstract 
 

 

Figure 7. Distribution of students across SOLO taxonomy levels 

Distribution of Total Test Scores  

The final assessment consisted of five open-ended questions comprising ten individual items 

distributed across different SOLO levels. Scores were assigned according to the SOLO taxonomy, 

and the distribution of students’ total scores is presented in Figure 8. 

 

Figure 8. Distribution of students’ total scores 

According to Figure 8, students’ scores ranged from 0 to 16 out of 20. The most frequently observed 

score was 3 out of 20, achieved by 19.8% of the participants. The distribution demonstrates that 
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higher scores were obtained by progressively fewer students. As scores approached the upper end 

of the scale, the percentage of students achieving those scores decreased substantially, indicating a 

gradual decline in frequency across higher achievement levels. While a low average score might 

raise questions about the test's difficulty, it is not interpreted as a sign of unreliability. Rather, it is 

seen as a valid reflection of the profound and well-documented conceptual problems students face 

in electricity and magnetism (Maloney et al., 2001). The test was designed to probe these specific 

difficulties, and low scores accurately captured the prevalence of prestructural and unistructural 

understanding in the sample. 

Students’ Misconceptions About Electric Potential Difference  

Analysis of students’ written responses revealed several recurring misconceptions related to 

electric potential difference, electric potential energy, and the motion of charged particles in 

electric fields. These misconceptions appeared across multiple test items and were particularly 

evident in questions requiring relational and extended abstract reasoning. Table 5 summarizes the 

most frequently observed misconceptions identified from students’ responses. 

Table 5. Common Misconceptions Identified in Students’ Responses 

No. Misconception Related Item 

1 The final speed of a charged particle depends on the path taken through the electric 

field. 

4A 

2 A longer path results in a greater change in electric potential energy. 4A 

3 Changes in electric potential difference depend on path length rather than initial and 

final positions. 

4A 

4 The relationship between electric potential difference, kinetic energy, and particle speed 

cannot be correctly applied when comparing particles with different masses. 

2 

5 Electric potential and electric potential energy are treated as interchangeable concepts. 3A–3B 

6 The total change in potential energy must be calculated independently rather than 

inferred from the total work performed by the electric field. 

1D 

7 Charged particles moving in an electric field cannot be analyzed using conservation of 

energy reasoning. 

2, 3B 

8 Electric force, work, and potential energy change are interpreted as unrelated quantities 

rather than components of a single energy-transfer process. 

1B–1D 

 

 

The misconceptions summarized in Table 5 were most frequently observed in items requiring 

students to connect multiple concepts simultaneously. In particular, responses to Item 4A indicated 

that many students believed the change in electric potential energy depends on the length or shape 

of the path followed by a charged particle. Several students justified their answers by arguing that 

a longer trajectory requires more energy or produces a greater change in potential difference. Such 

responses suggest difficulty recognizing the path-independent nature of electric potential energy 

change in electrostatic fields. 
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A second area of difficulty concerned the relationship between electric potential difference and 

particle motion. In Items 2 and 3, many students were unable to correctly relate changes in electric 

potential energy to changes in kinetic energy. Although some students recalled relevant equations, 

they often struggled to apply them when comparing particles with different masses or when 

reasoning about how a charged particle gains or loses speed while moving through an electric field. 

The analysis also revealed confusion between the concepts of electric potential and electric 

potential energy. In several responses, these quantities were treated as equivalent, indicating that 

students did not clearly distinguish between a property of the electric field and the energy 

associated with a charged particle within that field. 

Another recurring misconception appeared in Item 1D. Many students attempted to calculate 

the total change in potential energy as a completely new quantity rather than connecting it to the 

work already calculated in the previous parts of the question. These responses suggested difficulty 

understanding the relationship between work done by the electric field and the corresponding 

change in electric potential energy. 

Overall, the identified misconceptions indicate that students experienced the greatest difficulties 

when they were required to integrate concepts of electric force, work, electric potential difference, 

electric potential energy, and particle motion into a coherent explanatory framework. The 

prevalence of these errors was particularly evident in items designed to assess relational and 

extended abstract levels of understanding. 

Discussion    

The present study investigated high school students’ understanding of electric potential difference 

using the SOLO taxonomy and examined the misconceptions reflected in their responses. Overall, 

the findings indicate that most students demonstrated limited conceptual understanding of electric 

potential difference and related concepts. Student responses were concentrated predominantly at 

the prestructural and unistructural levels, whereas only a small proportion of responses reflected 

relational or extended abstract understanding. These findings suggest that many students were able 

to recall isolated facts or formulas but experienced difficulty integrating multiple concepts into 

coherent explanations. 

One notable finding was the substantial decline in performance as the cognitive demands of the 

items increased. Questions requiring straightforward application of familiar formulas were 

answered correctly by a relatively large proportion of students, whereas items requiring conceptual 

reasoning, energy-based explanations, or transfer of knowledge to unfamiliar situations were 

considerably more challenging. This pattern is consistent with the hierarchical structure of the 
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SOLO taxonomy, in which higher levels require increasing integration and coordination of 

knowledge rather than simple recall of information (Biggs & Collis, 1982). 

Analysis of students’ misconceptions provides additional insight into the nature of these 

difficulties. One of the most common misconceptions was the belief that changes in electric 

potential difference, electric potential energy, or particle speed depend on the path followed by a 

charged particle. This misconception was particularly evident in responses to item 4A. From a 

physics perspective, this difficulty may arise because students overgeneralize experiences from 

mechanics, where distance travelled often plays an important role in problem solving. As a result, 

students may incorrectly assume that a longer path necessarily produces a greater change in 

potential energy or a different final speed. However, in electrostatic fields, changes in electric 

potential and potential energy depend on the initial and final positions rather than the path taken 

between them. Similar difficulties regarding electric potential and particle motion have been 

reported in previous studies of electricity and electromagnetism learning (Maloney et al., 2001; Mi 

et al., 2023). 

Another important difficulty involved understanding the relationship between electric potential 

difference, potential energy, and kinetic energy. Many students appeared able to recall relevant 

equations but struggled to use them meaningfully when reasoning about the motion of charged 

particles in electric fields. This pattern was particularly visible in questions 2 and 3. Such responses 

suggest that students often possess fragmented knowledge that remains disconnected across 

different conceptual domains. Within the SOLO framework, this corresponds to unistructural or 

multistructural understanding, where individual ideas may be recognized but are not successfully 

integrated into a coherent explanatory structure. Similar difficulties in connecting energy concepts 

with electric field phenomena have been documented in previous physics education research (Leniz 

et al., 2017; Mi et al., 2023). 

The findings also suggest that some misconceptions may be influenced by the way electric 

potential difference is typically presented in school instruction. In many classroom contexts, 

emphasis is placed on mathematical procedures and formula manipulation, while less attention is 

devoted to conceptual relationships among electric potential, electric potential energy, electric 

fields, work, and particle motion. Consequently, students may learn to apply equations 

algorithmically without developing a deeper conceptual understanding of the underlying physical 

principles. This interpretation is supported by the observation that several students correctly 

recalled formulas yet failed to explain the physical meaning of their calculations. Overall, the 

discussion highlights the importance of promoting conceptual integration when teaching electric 

potential difference. The broader contributions and implications of the study are presented in the 

conclusion. 
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Conclusion  

This study examined high school students’ conceptual understanding of electric potential 

difference through the SOLO taxonomy and identified common patterns of reasoning reflected in 

their responses. Most students demonstrated understanding at the prestructural and unistructural 

levels, whereas relatively few reached the relational or extended abstract levels. The findings 

suggest that many students experienced difficulty integrating the concepts of electric potential 

difference, electric potential energy, work, and the motion of charged particles into a coherent 

conceptual framework. 

Analysis of students’ responses revealed persistent misconceptions concerning electric potential 

difference, electric potential energy, and the application of energy conservation in electrostatic 

contexts. These findings indicate that students’ difficulties extend beyond recalling formulas and 

often arise from an inability to establish meaningful conceptual relationships among the relevant 

physical concepts. 

This study contributes to the literature in two important ways. First, it provides further evidence 

of the conceptual challenges students encounter when learning electric potential difference, 

reinforcing previous findings in physics education research. Second, it demonstrates that the SOLO 

taxonomy offers a useful framework for characterizing different levels of conceptual understanding 

and revealing qualitative differences in students’ reasoning. Rather than simply distinguishing 

between correct and incorrect answers, the framework provides insight into how students organize 

and apply their knowledge when solving conceptual physics problems. 

The findings also have important implications for physics instruction. The predominance of 

responses at the lower SOLO levels suggests that instruction should place greater emphasis on 

developing conceptual relationships rather than memorization of formulas. Learning activities that 

encourage students to explain their reasoning, visualize physical processes, and explicitly connect 

electric potential difference, electric potential energy, work, and particle motion may better support 

progression toward higher levels of conceptual understanding. In addition, assessment tasks 

requiring explanation and justification can provide teachers with richer evidence of students’ 

reasoning than calculation-based questions alone. 

The findings should be interpreted in light of several limitations. The study was conducted with 

a relatively small sample of female students from a single school and focused exclusively on 

electric potential difference within electrostatics, which may limit the generalizability of the results. 

Future research involving larger and more diverse samples across multiple educational settings and 

additional physics topics is needed to further evaluate students’ conceptual development and the 

applicability of the SOLO taxonomy across different areas of physics learning. 
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