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We have investigated the difficulties encountered by undergraduate physics students when studying differential equations, and how these are best addressed. We developed a survey to identify these difficulties that was administered to a pilot cohort of students. The results were used to develop an instructional intervention, informed by APOS Theory, that seeks to address the difficulties uncovered by the survey. The intervention comprised fourteen one-hour tutorials. The tutorials were trialled for the next iteration of the module in question and the survey was given to the students who had completed the module. Applying a design based research approach, the results from these surveys were used to improve the intervention which is being evaluated using a combination of pre-and posttesting and interviews with students in the coming academic year. The interviews will be analyzed using the APOS framework, which acts as the overall conceptual framework for this research

1. What is the precise nature of the difficulties encountered by physics students in using (identifying the need for/setting up/solving) differential equations?

2. How may these be addressed?

These questions lead to the following specific aims for the project which are: (1) identify the areas students struggle with and excel in during their study of differential equations;

(2) develop a set of tutorials based on the data from the survey; and (3) evaluate and improve the tutorials that were developed.

Conceptual framework

In 1984, Dubinsky began developing a theory of how mathematical concepts may be learned. This eventually became known as APOS Theory and is a constantly evolving model developed and refined through application in research and instructional design. As described by Arnon et al.

APOS Theory focuses on models of what might be going on in the mind of an individual when he or she is trying to learn a mathematical concept and uses these models to design instructional materials and/or evaluate student successes and failures in dealing with mathematical problem situations. (2014, p.1)

As explained by Dubinksy (1991), APOS Theory describes the mental structures and mechanisms an individual constructs and applies when trying to understand a problem in mathematics. This project primarily uses APOS Theory as an analytical, evaluative tool. The language of APOS Theory is used to describe the level of understanding displayed by students during their interviews.

Methodology

Achieving the aims outlined in the opening sections will require the combination of both qualitative and quantitative data. The design diagram below shows how the project is structured. The first aim, identifying difficulties, gave rise to both quantitative and qualitative data, gathered using a survey. The Diagnostic Survey was divided into four separate sections assessing different aspects of the students' learning in differential equations: prior mathematical learning; conceptual issues in the study of differential equations; transfer issues; and modelling. To evaluate the tutorials a series of pre-and post-tests and interviews are being used to assess the effectiveness of the intervention. These results feed into the evaluation and improvement of the tutorials.

Results

The results obtained from the Diagnostic Survey show that of the four sections contained in the survey, students struggle most with conceptual understanding, indicating (in terms of APOS Theory) shortcomings in their ability to encapsulate Actions and Processes as Objects. Comparing to the results of the students who completed the tutorials, we saw a dramatic increase in their conceptual understanding, in addition to improvements in the three other sections of the survey. The pre-and post-test data were also used to amend the tutorials for the second research cycle.
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