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Ahstract

A recent collaborative project produced both audio- and text-based resources on the history of mathematics

to support the teaching of mathematics. The benefits of using the history of mathematics as a motivational
pedagogic tool in the undergraduate curriculum are discussed, with specific reference to the use of MP3 formats
as a technique to support different learning styles and future modes of learning. The deliverables produced by
the project are discussed.

1. Background: history and teaching mathematics

Mathematics is usually, and of course correctly, presented “ready-made” to students, with techniques

and applications presented systematically and in logical order. However, like any other academic subject,
mathematics has a history which is rich in astonishing breakthroughs, false starts, mis-attributions confusions and
dead ends. This history gives a narrative and human context which adds colour and context to the discipline.

While some students may be attracted to mathematics by the apparently impersonal nature of the subject,
the experience of the authors is that many students are engaged by historical information. Learning about the
history of the subject shows that it is living and changing rather than being a fixed set of results known forever,
Understanding that great mathematicians of the past struggled and sometimes made mistakes helps learners
appreciate that errors are part of doing mathematics. For some, the human stories make mathematics exciting.
For the potential research mathematician, becoming a member of this community includes buying into the
stories mathematicians tell about the history of their subject. The fact that some of these stories are mythical
makes them no less important in a shared mathematical culture [1].

The authors have noted in their own teaching that motivéting students to the study of a new topic in mathematics
can often be helped by setting the subject in a historical context, [ndeed, 1t has been shown by Hagerty et af [2] that
“the inclusion of historical modules caused positive changes in mathematical communication, student achievement
and attitudes” This echoes the views of many other academics and educators at all levels from primary to higher
education and teacher training [31,[4],[51,[6],{7]. In England the National Curriculum for Key Stage 3 Mathematics
includes“the rich historical and cultural roots of mathematics”[8].

The authors’ experience of teaching first year undergraduates is that presenting brief accounts of the history of the
subject can be a valuable toal for another reason. Students start mathematics degrees at Universities like Greenwich
with very diverse mathematical backgrounds: their previcus study may or may not have included A {or AS) fevel
Further Mathematics, they may instead have taken the International Baccalaureate, they may have studied Scottish
qualifications or they may be international students with a completely different background. For mature students,

it may be some years since they last studied mathematics. Similarly, for engineering students at the University of
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Uister, there can be a wide range of mathematical knowledge and ability amongst freshers, with some students
being surprised and concerned at having to study more mathematics. Inevitably much first year material will be new
to some students hut very familiar to others, and presenting the historical background to the subject ¢an provide
new and stimulating material for those who are not being stretched by the technical content, without intimidating
those for whom the main material is either new or barely remembered from distant schooldays.

Setting historical context can motivate and enthuse learners, but it also enriches the curricutum, shows connections
between different branches of the subject, and helps to produce students with a greater sense of the breadth and,
what might be termed, the creative life of mathematics as a discipline. We believe that many mathematics lecturers
in higher education would like to include historical elements in their courses but lack either the subject knowledge,
the time to prepare such material, or in some cases the confidence to engage with history.

There are, of course, many valuable general resources on the history of mathematics, such as book-length
histories of mathematics ([9], [10], [11]), source books {[12], [13]) and reference works [14]. On the weh the
MacTutor history of mathematics website created by E. F. Robertson and J.J. O’'Connor is widely used by
academics and students [15]. Resources like these provide a great deal of information but we feel that, for
lecturers seeking to provide snippets of historical material white presenting mathematics to their students, there
is a need for "bite-sized” resources specifically relating to the undergraduate curriculum, The MacTutor article on
Newton, for example, runs to six close-packed pages, which would not easily fit into a lecture on calculus. As van
Brummelen notes, “school teachers and educational associations demand easily digested ‘sound bites'that may
be inserted with little fuss Inte an existing curriculum”[16], and the requirements of those teaching mathematics
to undergraduates are similar.

Increasingly, there are opportunities to exploit students’ familiarity with multimedia technology for learning
purposes. Today’s students are used to accessing material in audio format - for many, their headphones are
always in place (even when they are following lecturesl). Podcasts such as Math/Maths [17] and Travelsin a
Mathematical World [18)] have gathered a following amongst undergraduate mathematicians. One member
of the project team (Bradshaw) provided a series of history of mathematics podcasts for the latter, which
were favourably received by students. Students already use their mobile devices to support their learning in
sophisticated and imaginative ways, and the importance of resources for mobile devices can only increase as
these become ever more powerful and flexible.

2. Methodology

These considerations motivated the authors to initiate a project, which was generously supported by the
MEA MSOR Network with a mini-project grant, to produce resources to help lecturers incorporate history of
mathematics into their teaching of mathematics. The overall aim of the project was the creation of a set of
short “stand-alone” two-page documents together with MP3 audio files on a range of topics from the history
of mathematics to supplement, and help motivate the teaching of, mathematical topics covered in the
undergraduate curriculum.

By undergraduate curriculum we mean both mathematics degree programmes, and relevant service teaching.
We have provided resources to facilitate the inclusion of historical material in modules covering mathematical
methods and ideas in both mathematics degree programmes and service teaching. The materials are not
designed for use by academics teaching modules on mathematics degrees which are specifically on the history
of mathematics, where a more complex analysis of the issues would be required. (There are around 20 such
modules embedded within mathematics degree programmes in British universities.)
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We use the term “reusable learning objects” (RLOs) to describe these documents and MP3 files as each is refatively
brief, self contained and independent of each other, providing an efficient way for teachers to embed the
materials into their [ecture courses and supporting teaching websites.

The material is designed to support the teaching of mathematics: it is not intended for historians. While the
material aims to be historically accurate, we aim to present simple accounts that are entertaining, readable, and
put the mathematics our students are learning into context. They are not the place for detailed consideration of
sources or careful analysis of opposing views on controversial topics. We hope that interested students may be
led to more detailed historical sources and that some (like the authors) will develop a fascination for the history
of mathematics which they will pursue in more rigorous historical ways. But the purpose of these RLOs is to help
students learn mathematics, and the history has to be presented with that end in view.

As part of the project the project team organised a one-day event run jointly under the auspices of the MSOR
Network and the British Saciety for the History of Mathematics (BSHM). Entitled The History of Mathematics in the
Undergraduate Curriculum, this event took place at the University of Greenwich on the 30™ March 2010. Amongst
those attending were recognised leaders in the field of history of mathematics and academics who teach the
subject, or use history in teaching mathematics, at various universities in the UK and Iretand. This conference
offered an overview of how the history of mathematics can be used, and identified some of the opportunities
and issues, The feedback from like-minded practitioners was encouraging and had a strong influence on the
development of the resources.

3. The RLOs: Benefits and Issues

Twenty RLOs have been produced, all of which are available on the project web pages [19]. These are “branded”
with a logo designed by a mathematics undergraduate at Greenwich, Adam Sebestyen (Figure 1}. They aim to
provide support for teaching many different parts of the underg raduate curriculum. Topics such as “Mathematical
Notation’, and “n” present general background. "Archimedes” and “Islamic Mathematics” present mathematicians
of different cultures. Core material is addressed by “Complex Numbers® and “Newton” and “Maclaurin and Taylor”
support the teaching of calculus. “Euler’, “Fourier” and “Laplace” present overviews of mathematicians whose
names will occur during a mathematics degree in many different contexts. "Non-Euclidean Geometry’, “Florence
Nightingale” “Gédel’s Incompleteness Theorems’, “Galois’, “Einstein and Relativity” and “The Schrédinger Equation”
cover more specialist topics. The miscanception that mathematics was all done in the past is addressed by “The
Logistic Map’, showing the recent development of Chaas Theory.

HISTORY Our recent experience is that some mathematics undergraduates are hostile to

- the computing elements of the curriculum. We are often asked by students, whose
experience of computing in school has not enthused them, why they need to
acquire these skills. Our RLOs “From Beans to Bytes”and “Maskelyne and Comrie”
attempt to address these negative attitudes by showing the long history of
mathematicians turning to automatic calculation.

The text files are made available to be used in different ways. They provide a
ready-made resource for a tutor to provide as background material for interested
) students. They provide a brief summary of historical context for a tutor who
MATHE MATICS  might adapt the contents in their own lecture material. Alternatively they could
be cut and pasted directly into lecture notes.

Figure 1: Project L.ogo

The material is also available in audio format as MP3 files. These can be downloaded by students who might
wish to listen to the background material on their journey to or from University, or while they are working at
their computer. Each audio file lasts between 6 and 8 minutes, which the authors consider to be a length which
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students will find they can use In various ways — as a quick break from doing mathematics, or to fill a bus journey
or a walk across campus. The MP3 and text files also address students’ different learning styles.

The authors considered providing Powerpoint slides as an additional resource for lecturers. Our conclusion
was that this was impractical for a number of reasons. Powerpoint is by no means universally used as a tool for
delivering mathematical content, so such a resource would be of limited value. Furthermore, different lecturers
use Powerpoint in very different ways so it is unlikely that resources could be “dropped into” lecture material
without considerahle adaptation, which would defeat the purpose of the RLOs.

A number of issues arise regarding the RLOs. That there is no standard curriculum for undergraduate mathematics
programmes obviously presents difficulty for a project like this. However there is a large amount of core material
that will be covered on any mathematics degree — calculus and complex numbers, for example. Other RLOs may
not be relevant for some undergraduates — for example, statistics and computing are core in some programmes
but some undergraduates, particularly those on combined degrees, may not study these topics. While the RLOs
on calculus and complex numbers will be relevant for engineering students learning mathematics, they will be
less meaningful for business students, but the situation will be reversed for the statistics and computing material.
Clearly we cannot expect that every RLO produced will be useful for every student, but the diversity of topics
covered should mean that some are relevant.

The subjects are predominantly white, Western and male, While we have attempted to address this deficiency,
only the RLOs on n, Fibonacci, mathematical notation and Istamic Mathematics feature mathematics from outside
the Wastern tradition, and Florence Nightingale is the only female mathematician featured. Sadly, we feel that
this lack of diversity reflects the mathematics curriculum, which these resources are intended to support. Future
additions might include figures like Emmy Noether and Ramanujan, who are important figures in mathematical
culture but whose mathematics may not be encountered by most undergraduates.

While we have tried to cater for mobile devices by creating audio files as well as texts, we have not attempted

to produce full multimedia presentations incorporating large amounts of visual images or video. These would

be very time-consuming to produce, whether the visual elements were created for the purpose or were sourced
from existing material, and would present copyright issues. (The images used to illustrate the text files are all out
of copyright and sourced from Wikimedia Commons [20] to avoid these complications.)

The question of dissemination is vital, since the intention of the project is that these resources should be widely
available. They are being promoted through conferences such as that at Greenwich mentioned above and the
annual 2010 MSOR Network conference, The authors are alse promoting them through professional bedies [21]
and by posting to the MATHSHEADS email list.

4. Evidence of Success

Feedback from undergraduates who have used early versions of these materials has been very positive.
Comments include:

. “l'want to do maths because | am inspired by knowing about the people behind it"- First year undergraduate
2010. Module; Mathematical Technology and Thinking, B.Sc. Mathematics, Greenwich.

+ "Aquick and easy educational tool.” First year undergraduate 2011. Module: Mathematical Technology and
Thinking, B.Sc. Mathematics, Greenwich.

. Listed as one of the three best things about the module: *The extra information about people like Newton.”
- First year undergraduate 2010. Module: Introductory Mathematics, B.Sc. Civil Engineering, Ulster.

We note that in all these cases the comments were made as part of the overall module evaluation process: the
students were not specifically prompted for their views on the history of mathematics materials which had been
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embedded in the lecture notes. The fact that students drew positive attention to the materials ‘unprovoked, as it
were, is itself encouraging. Further feedback will be obtained in future from students and tutors, and a hyperlink
has been added to the project web pages inviting feedback from users,

5. Reflections

This project has attempted to address the needs of future learners of mathematics. While we will not know for
some time the extent of the uptake for our resources, the work has identified a number of issues about teaching
mathematics in the future, One is the need to present learning materials in a vatrfety of formats to take advantage
of new technologies, and the changes in learning patterns resulting from the use of mobile devices. These will
present challenges for those teaching mathematics in higher education. A second is the way in which these
technologies facilitate the use of material like this to motivate the study of mathematics, and the possibility that
different students will benefit from different motivating material. In the brave new world of UK higher education
post-2012, the need to maintain the enthusiasm of learners will be paramount. Resources which complement
traditional curriculum material offer an opportunity to do this. For some learners these resources might relate to
the history of the subject; for others, resources connecting the course materfal to applications, showing how it
can be used in the workplace, or connecting it to other branches of mathematics, might be more motivational.
This project may suggest a way forward which has wider application than the historical context of mathematics.
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