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Abstract. Understanding RC circuits is essential in electromagnetism, yet many undergraduate science and
engineering students face significant conceptual and epistemic difficulties when learning about capacitance and
the behaviour of RC circuits. This study aims to identify these difficulties and develop an instrument to assess
students’ conceptual understanding. The research methodology combines qualitative and quantitative
approaches through a multiple-choice questionnaire and student interviews. The results will help define learning
objectives for RC circuits and provide insights into students’ reasoning patterns, contributing to improved
teaching strategies in introductory university physics courses.

1.Introduction

RC circuits are a fundamental topic in electromagnetism, and their understanding is key
not only for grasping electromagnetic theory but also for their correct application in multiple
technological domains. However, research shows that many undergraduate students
experience difficulties understanding the operating model of RC circuits. Studies report
persistent misunderstandings about capacitance. Students often confuse capacitance with
stored charge or with related concepts such as electric potential and electric energy [1]. They
also have difficulties understanding the charging processes of bodies and capacitors [2].
Moreover, students frequently rely on memorized formulas without understanding their
physical meaning, which prevents them from developing a coherent conceptual model of RC
circuits.

2. Theoretical Framework, Research and Research Questions, Original Aspects

This research is grounded in perspectives from cognitive psychology and science education
that emphasize the role of students’ prior knowledge in learning. According to Piaget’s
genetic epistemology [3], learning scientific concepts requires restructuring students’ pre-
existing ideas about natural phenomena. Sociocultural and constructivist approaches also
highlight the importance of social interaction and learning environments in shaping students’
understanding of scientific knowledge [4-5]. The study also incorporates insights from
research on the Nature of Science (NOS), which emphasizes how scientific knowledge is
constructed and validated [6—7].

Drawing on the theoretical framework and research on students’ misconceptions about
capacitance and RC circuits, this study examines the difficulties science and engineering
students experience in understanding and explaining RC electrical circuits in introductory
physics courses. The research questions of this study are:

(1)  What constitutes an adequate understanding of the RC electrical circuits in introductory
physics courses for science and engineering students?

(i) What are the main difficulties encountered by university students in the learning
process regarding the explanatory model of RC circuit behavior?

Few studies have examined students’ understanding of RC circuits and the concept of
capacitance. Given the importance of this topic for learning electromagnetism and for
understanding many technological devices, this study seeks to deepen insight into students’
conceptual understanding and to inform the design of more effective instructional approaches.



3. Methods and Findings

The methodology combines qualitative and quantitative approaches. Regarding the first
research question, an epistemological analysis of the concept of capacitance and the RC
circuit model will be conducted to identify the key conceptual structures of the scientific
model and clarify the essential knowledge for the curriculum. Second, the methodology of
didactic transposition [8] will be applied to transform scientific knowledge into teachable
classroom content while maintaining coherence with the original model.

Regarding the second research question, to investigate students’ understanding, two
research instruments will be used: a multiple-choice questionnaire to assess conceptual
knowledge of RC circuits, and semi-structured interviews to explore students’ reasoning in
greater depth. The analysis of interview data will employ phenomenography [9], which
identifies different ways individuals understand a phenomenon. This approach will help
reveal patterns in students’ reasoning and the most common conceptual difficulties related to
capacitance and RC circuits.

4. Conclusion

This research aims to improve understanding of how university students learn about
capacitance and RC circuits. By identifying students’ conceptual and epistemic difficulties,
the study seeks to clarify learning objectives for these topics in introductory physics courses.
In addition, the development of a diagnostic questionnaire will provide educators with a tool
to assess students’ conceptual understanding and support the design of teaching strategies that
promote deeper learning of RC circuits.
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2. “Work-in-Progress” Information
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Current stage of the work

So far, several stages of the research have been completed. To address the first research
question, an epistemological and historical analysis of the development of RC circuits has
been carried out to clarify the conceptual structure of the scientific model. Based on this
analysis, a set of learning objectives related to capacitance and RC circuits was defined to
guide both the design of the research instruments and the analysis of students’ understanding.

With respect to the first research question, a diagnostic multiple-choice questionnaire was
developed to assess students’ conceptual understanding of capacitance and RC circuits. First,
a review of the relevant literature was conducted to identify and synthesize the alternative
ideas commonly reported in previous research regarding capacitance and RC circuits,
allowing the design of response options that reflect typical student misunderstandings.
Second, to design a multiple-choice test we built upon the criteria recommended by Aubrecht
IT and Aubrecht [1] and Ding et al. [2] for statistical reliability.

The questionnaire was initially administered to students at two universities in China 64
sutudents as a pilot study to determine item difficulty, discrimination indices, and point-
biserial correlations for each item, as well as the mean scores for each test form. Based on the
pilot analysis, five items were removed, resulting in a 17-item assessment instrument with
improved psychometric properties. The revised questionnaire was subsequently administered
to 195 students at a third university in China. The data from this administration were used to
conduct reliability analyses, including the calculation of the KR-20 coefficient, to evaluate
the internal consistency of the instrument.

To conduct an in-depth analysis of students’ conceptual understanding based on the test
results, we first evaluated their overall performance. This was followed by a comparison of
performance across conceptual areas and an assessment of item difficulty. Finally, the
distractors were systematically compared with the alternative conceptions they represent, and
the most common errors for each item were analyzed.

In the next stage of the research, the questionnaire will be administered to students in Spain
in order to compare patterns of conceptual understanding across different educational
contexts.

In addition, to emphasize explanatory knowledge in students’ responses, semi-structured
interviews will be conducted with approximately 10-12 students from China and Spain,
respectively. These interviews aim to explore students’ reasoning processes in greater depth
and to provide qualitative evidence that complements the findings obtained from the
questionnaire.

Questions for Discussion

@® Which questions should be selected for the qualitative interviews?
@® How should follow-up questions be formulated based on students' responses?

@ Are the selected quantitative and qualitative methods appropriate for the analysis of
the data?



@® To what extent can findings on physics and engineering students’ understanding be
compared across different countries?

@® What methodological approaches can be used to conduct a meta-analysis of studies
examining physics and engineering students’ understanding in different countries?
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