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ABSTRACT

This thesis is concerned with students' understandings of issues related to electric and

magnetic fields. There was interest both in students' ability to represent these fields, and the

repercussions of this for their understandings of related phenomena. In order to investigate

these themes, data were collected from tertia!)' students of physics.

The data set for the study was drawn from a first-year university physics class with an

enrolment of 60 students. The course and its tests had a strong emphasis on the quantitative

use of equations. Students' responses to these coursework assessment tests formed part of

the raw data for the current study. A written test developed by the researcher was also

administered to the students, and followed up by a series of three interviews. The first of

these interviews was concerned with students' answers to the written test, and the remaining

two introduced new questions to the students. All interviews were fully transcribed for

analysis.

Analysis of the results involved finding natural groupings in the understandings displayed by

students, in their responses to the various qm:stions. This methodology can be described as

broadly phenomenographic. While these groupings are of interest in themselves, and show

important themes in students' understandings, filrther analysis of the groupings was

undertaken. This analysis studied the structure underlying the students' responses, in terms

of units of reasoning and level of abstraction used. The SOLO (Structure of the Observed

Learning Outcome) Taxonomy was used for this analysis of the structure underlying the

reasoning in the students' responses.

This consideration of structure allowed for an integration of the results, and students'

responses to various questions wen:: compa-red to allow for a description of themes of

understanding about various topics. Those topics involving representation of fields were:

understandings of field lines, the field vector, and flux in fields. The findings about students'

conceptions of these topics were a.pplied to consideration of their understandings of

phenomena related to fields, particularly, potential, current, and the idea of charged particles

moving in conductors. Further integration of the findings resulted from an in-depth study of

two students, which allowed for a consideration of the relationship between various aspects

of their understanding at this individual level. Themes from the whole-class study were also

apparent in these case studies.
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The central theme in the findings is of a gap between students' understandings of field

representation and the form of representation used in the course material. The students'

understandings tended to be based on simple: ideas involving direct observables, while the

coursework was based on abstract mathematical concepts. In particular, students showed a

tendency to think in terms of field lin<~s, which they viewed in terms of observables such as

trajectories of particles or lines in iron filings. There was a corresponding inability to use the

abstract field vector when describing fields. As the field vector is the basis of the quantitative

approach to fields used in the course, this meant that the students had no unifYing framework

from which to approach the course material. This gap between the students' understandings

and the material in the course can b,e described in terms of the SOLO Taxonomy as the

difference between the concrete symbolic and formal modes of operation. The implication of

this finding is that a means has to be found of addressing the students' concrete

understandings of fields, rather than allowing the abstract course material to be

compartmentalised away from these understandings.

The work performed in this thesis has led to a number of outcomes. There are details of

students' conceptions of electric and magnetic fields, and of related phenomena. But there is

also a statement of the generalised level of abstraction behind these understandings, which

serves as an additional guide for those working in this area.
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"It requires a much higher degree ofimagination to

understand the magnetic field than to understand invisible

angels ... I have no picture of the electromagnetic field that

is in any sense accurate. "

Richard P. Feynman (1964), The Feynman lectures on

physics (Volume II, p. 20-9), Addison-Wesley

Publishing, Reading, Mass.


