Maths for distance-learning science students

Sally Jordan

Department of Physics and Astronomy, The Open University  (email:  s.e.jordan@open.ac.uk)

Undergraduate courses in the UK Open University (OU) are completely open entry. One implication of this is that students studying Science Faculty courses have a very wide range of mathematical backgrounds, varying from those who already have a degree in a numerate discipline to those with no previous mathematical qualifications at all. Many of our students have not studied mathematics since they were at school (which, for adult OU students, might have been many years ago) and they frequently lack confidence in their mathematical abilities. Elementary mathematical skills are embedded in the Science Faculty’s interdisciplinary level 1 course Discovering Science, but lack of mathematical ability and confidence remains a problem for many students as they progress to level 2 courses in physics, astronomy, chemistry, Earth science and biology. The 10 point level 1 course Maths for Science was written to meet this need.

Maths for Science includes chapters on basic arithmetic (including negative numbers,  fractions and powers), measurement in science (including SI units, scientific notation and significant figures), calculating in science, algebra, graphs, angles and trigonometry, logarithms, probability and descriptive statistics. At the end of the course students can chose to study either a chapter on statistical hypothesis testing, or one which introduces the principles and methods of elementary differential calculus. All of the maths is taught in the context of science and there are many worked examples and questions for students to answer (with fully worked solutions provided). The course is offered four times a year and students can opt to complete it in either 10 weeks or 4 months. The primary teaching material is provided to students in the form of a course book, a CD-ROM and various supplementary material, and the course is supported by means of a telephone advice line and a computer conference. Students on this course are not allocated a personal tutor.

More than 4000 OU students have studied Maths for Science since it was presented for the first time in September 2002, and it is popular and successful. Feedback from students includes many comments such as:

"I found Maths for Science an excellent course – I used to sit and practically cry when I got things right, which I would never have imagined, in a million years, ever being able to do. It gave me so much confidence – one of the best things I’ve ever done." 

Whichever of our level 2 science courses students choose to study, they are more likely to complete it if they have studied Maths for Science first. The course provides the mathematical skills required at entry to all OU level 2 science courses, although some of the courses develop these skills further, and students who intend to study physics or astronomy at level 3 are advised to take several longer and considerably more advanced maths courses first.

· The main Maths for Science course book is available to the HE Sector as a hyper-linked eBook as one of the resources provided by the FDTL4 PPLATO (Promoting Physics Learning and Teaching Opportunities) Project. Other electronic resources to support students in their study of physics have been provided by the Universities of Reading (who, with the Open University, developed the ‘HyperFLAP’ package, and who host the PPLATO Project), Brunel, Plymouth and Salford.

One of issues confronting all providers of distance education is the need to provide students with meaningful feedback without necessarily ever meeting them. The Open University system of ‘Tutor-marked assignments (TMAs)’ has been highly successful in meeting this need for over 30 years, but the use of TMAs is not appropriate for a course such as Maths for Science, which is studied over a relatively short period of time, has just one piece of summative assessment, and for which no personal tutors are allocated. The Course Team which produced Maths for Science took the decision to pilot  a novel web-based method for both summative and formative assessment, with the aim of simulating the best of the TMA system by providing students with feedback on their answers which was both detailed and targeted to a student’s specific misunderstandings. Since the assessment is completed online, the feedback is also provided in a timely fashion, one of the factors identified by Gibbs and Simpson as important if assessment is to support student learning. 

Figures 1 and 2 illustrate the way in which target feedback is provided in response to specific student attempts at two different questions. Students have three attempts at each question, with the amount of guidance provided increasing after each incorrect answer and the marks awarded decreasing in similar fashion. Only about 25% of the questions are multiple choice and several variants of each question are provided, to reduce opportunities for plagiarism. The summative ‘End of course assessment’ is available to students for five weeks at the end of each presentation of the course; within that time there are no restrictions as to the amount of time or number of sessions spent online. A similar but purely formative ‘Practice assessment’ is available for the entire duration of the course. Maths for Science’s web-based assessment system has been well received by students and is now being adapted for use in other Open University courses. Further details about the system and its evaluation are given for example, in Jordan et al. (2003). 
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Figure 1 A Maths for Science assessment question showing the feedback provided in response to an answer which is numerically correct, but given to an inappropriate number of significant figures and without units.
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Figure 2 A Maths for Science assessment question showing the feedback provided if a student gives the mean instead of the median.

Analysis of student responses to assessment questions is contributing to the Course Team’s knowledge of science students’ mathematical misconceptions. For example, it has been shown that the two common mistakes made in answering the question shown in Figure 1 are

· Incorrect units;

· Errors which show incorrect use of precedence, typically evaluating 
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These errors are so common that this apparently straightforward question is actually one of the least well answered in the Practice Assessment. Increased understanding of student misconceptions is leading to improvements in the assessments and the course itself.
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