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In the spring semester of 2016, the author worked with twenty undergraduate (BA) students on original sources from the Edward Worth Library (1733), in Dublin. The end goal was to produce an online exhibition of the mathematical works from that library. The approach to this collaborative work is given, set in the context of a more general framework of the pedagogical value of working with original sources for teaching the history of mathematics. Examples of feedback from the students are given, as is an outline of how the exhibition itself was eventually shaped. The conclusion reflects on the learning gained by all involved in the collaboration.

Introduction

This paper outlines the process and product of working, with twenty students and two other collaborators, on the mathematical works in the Edward Worth Library (EWL). This collection opens a window on two centuries of the development of mathematics in England from the 1530s to the 1730s, a period of momentous cultural change in Irelandwith the expansion and consolidation of English political power and the emergence of an Anglo-Irish Protestant eliteand scientific blossoming, culminating in the work of Isaac Newton and his circle, with very strong influences from continental Europe, especially from France and the Netherlands. The work, on original sources from EWL, of the author with his students and the librarian is outlined, as is the subsequent work in preparing an online mathematical exhibition, launched in November 2016.

The Edward Worth Library and my encounter with it

The Edward Worth Library was founded in 1733 by its benefactor, Edward Worth (1676-1733), a medic who had a passion for fine books and who left some 4500 volumes to Dr Steevens' Hospital, in Dublin. Unusual in Ireland for this period, about one third of his collection comprise texts of medical and scientific interest. Of these, in turn, about 9% are mathematical. The collection is housed in a single room with glazed cabinets designed specifically for that purpose. The books themselves are in impeccable condition due, in no small way, to the fact that they were used very little during the 283-year history of the library [START_REF] Mc Cormack | The Enigma of Worth[END_REF].

I have taught a one-semester module on the history of mathematics every two years since 2008. A few weeks after completing teaching such a module in 2012, I visited EWL on 15 th June, for the first time, in the company of Professor William (Bill) F. McComas, visiting Fulbright Professor (to Dublin City University, DCU) from the University of Arkansas. Combining his interest in the history of science and mine in the history of mathematics, EWL gave the impression of an Aladdin's cave of early modern European learning. We were enthusiastically welcomed by the librarian, Dr Elizabethanne Boran. With a permanent staff of one (the librarian herself) and some visiting scholars and interns from time to time, it is challenging to open the doors to the public, although small specialist conferences are accommodated as much as possible. The librarian has overseen the publication of online exhibitions that enabled the treasures of the library to be appreciated by a wider readership (Edward Worth Library, n.d.).

On 6 th May 2014, the librarian welcomed the first group of my students (undergraduates in their second of third year of a three-year BA) to visit EWL. She had put on display works I had chosen by Viète, Harriot, Descartes, L'Hospital, Wallis, Ward, Huygens and Newton, dating from 1615 to 1732. The reaction of the students to viewing the original sources was very positive, however it was too late in the academic year for this cohort of students to engage with these original sources in any meaningful way. Their reaction, together with my own growing familiarity with scholarship in the HPM community on the importance of working with original sources, prompted me to seek an opportunity to work with EWL in a more significant way in 2016. The librarian was keen to extend the scope of the online exhibitions at EWL, and it seemed realistic to build a mathematical exhibition around the work of the next cohort of students (twenty, including two visiting from the USA). Necessary preparatory work on my part was to become familiar with the online EWL catalogue and derive from it a (provisional) list of the mathematical works in the collection. From this list (of 109 works), I identified for which ones the author had a biographical entry in MacTutor [START_REF] O'connor | MacTutor history of mathematics[END_REF], and found online versions of about a third of the texts, using EROMM, for example. Searching for so many original sources was time-consuming, yet very rewarding; it was an exercise I had previously no reason to undertake on such a scale. At this stage, I considered myself ready to lead the students in the EWL Project. This paper gives an overview of how the project itself was conceived and implemented.

Original sources and teaching History of Mathematics

Much is said in the literature about the use of original sources in teaching the history of mathematics, and this is not the place to provide a comprehensive overview. Kiernan identifies the challenge facing both teacher/lecturer and students:

The task of presenting original works of mathematics to a class of undergraduates may seem like a daunting task. It requires much preparation. How does one become confident that one can do this? Well, you must remember that you are not alone in this task. Attending any conference with themes on the history of mathematics will remind you that there are many others who have the same interest as you. (Kiernan, 2010, p. 412) Because I, the author, am also the lecturer and so a crucial player in the work described in this paper, it is appropriate to describe, in the first person, how I engaged with the tasks involved. Glaubitz is quite clear that working with original sources is quite a different kind of work from that which students usually think of when they 'do' mathematics:

Of course, on the part of the teacher it involves quite some preparation, but this is always the case when you are going to try something new. What is more, the study of original sources requires teachers and students to be prepared to dive into some strange and unknown realm of thinking, to appreciate cultural and historical contexts andlast but not leastto deal competently with written text that is more extensive than the word problems they are used to in mathematics. (Glaubitz, 2010, p. 351) If working with original sources is, indeed, 'something new', it "[provides] context, motivation and direction for students' mathematical endeavours" (Barnett, 2012, p. 336). Thus, such work has a strong potential to open up new perspectives for students:

By reading historical sources students can be acquainted with episodes of past mathematics where other meta-discursive rules governed the discourse. (Kjeldsen, 2010, p. 52) Even when students do not make explicit reference to unfamiliar 'meta-discursive rules', appreciation of such rules can often be noticed indirectly in the 'surprise' they express in their reflections on working with original sources.

Designing the EWL project

The EWL Project was designed as an integral part of a 5-credit (ECTS) module on the History of Mathematics (having a strong, but not exclusive, emphasis on the development of algebra). Credit for this module comprised two main components: 70% for a terminal examination and 30% for continuous assessment (CA). Roughly one third of the examination and 17 marks of the 30 allocated to CA were associated with the EWL Project. Thus, in effect, a substantial 40% of the total credit for the module was assigned to this project. What were the salient aspects of the project and how was it presented to the students?

The semester began on 1 st February (2016) and it was important to arrange a visit to EWL early in the semester to allow the students to become familiar with material that would be very foreign to their experience. In advance of the visit, I prepared a one-page overview (with web links, indicated in bold, below):

It is a great privilege to be invited to view a selection of the mathematical works at EWL of which there are about 109 in total. These span a period of almost two centuries, from Cuthbert Tunstall's De arte supputandi libri quatuor (1538) to Isaac Newton's posthumous Arithmetica universalis (1732), published the year before the establishment of EWL and the death of its founder.

According to the entry in MacTutor, Tunstall (1474-1559) had a prominent career as a diplomat (at the court of Charles V in Aachen, for example) and bishop (eventually of Durham). His De arte supputandi (1522) was the first printed work published in England devoted entirely to mathematics. This was not an original work, but was based on Luca Pacioli's Suma (1494).

Newton (1643-1727), arguably the greatest English mathematician, worked in a broad range of disciplines including theology, optics, mechanics, algebra and (especially) the calculus. EWL has no fewer than 16 works attributed to Newton. There are several other works in EWL by others associated with Newton (such as Barrow, 'sGravesande and van Musschenbroek), all of whom (along with Newton himself, of course) are presented in the EWL online exhibition on Newton.

The 109 books are written in four languages: English (21), French [START_REF] Barrow | 1677) of the remaining 37: 16 were born before 1640 (and were living during Worth's lifetime, but were much his senior) 16[END_REF], Latin (64) and a combination of Greek and Latin (9). The authors of 74 of these (and some of the authors, such as Newton, have more than one book in EWL) have biographical entries in MacTutor. EWL expects to prepare an online exhibition on Mathematics at EWL in summer 2016. You are invited to contribute to this by writing a page on one of the mathematical works in EWL.

In advance of the visit to EWL on 25 th February, take a look at one of the seven 'big' exhibitions already online at EWL (Newton, Botany, Alchemy & Chemistry, Infectious Diseases, Astronomy, Dr Steevens' Hospital and Aldines) or one of the eight smaller exhibitions (e.g. Looking at the Moon or Surgery). Think about the following:

1. How do you find navigating these webpages? 2. What features of the exhibition (you chose) do you find attractive? 3. What do you find exciting/daunting about the prospect of writing a page for the Mathematics at EWL exhibition?

This page set the scene for the project. Its subsequent development required much attention to detail, taking on board, to a greater or lesser extent, the reactions of the students as observed in their submitted work, contributions to a forum (in a virtual learning environment), and queries by email or verbally.

On the day of the visit, 16 of the twenty students made it, along with a colleague (Fionnán Howard) who played a crucial role later in editing work for the online exhibition. The students were given hard copy of the following:

 A list of the twelve works of which nine were put on display by the librarian  A page of text or an illustration from ten of these  Chapter 3 ("How are mathematical ideas disseminated?") from Stedall's The History of Mathematics -A very short introduction [START_REF] Stedall | The history of mathematics: A very short introduction[END_REF] Students were asked for their reflections on visit, and responded enthusiastically and on a wide range of aspects. Different perspectives on the library itself included (with student identifiers given in [square brackets]):

On arrival to the Edward Worth Library (EWL) it was just how I would have pictured it. Not only had the books all been perfectly preserved but so had the library itself. [8] I expected the library to be quite big and look similar to any other library. My expectations were quite incorrect. [START_REF] Barrow | 1677) of the remaining 37: 16 were born before 1640 (and were living during Worth's lifetime, but were much his senior) 16[END_REF] I felt as if I went back in time [12] In each case, the student's surprise, even sometimes delight, is evident. On the nine books put display, comments included:

I was surprised that we were allowed to view some texts up close given their iconic meaning.

[16]

The books themselves were written in a number of different languages, mainly Latin and French, with only a small amount in English, which again highlights how things have changed.

[10]

The most astonishing thing I saw was the quotient rule in a book from 1696. It was bizarre seeing it in such and old context. [2] There is a real sense here of situating a rule, familiar from school, now in the 'exotic' period of the calculus textbook (L'Hospital, 1696). In her introduction the librarian had made a very reasonable conjecture on the relative plainness of the binding of almost all of Worth's mathematical books, and one student picked up on this:

Worth didn't seem to pick these books for their binding or appearance alone, but their content [7] Some students were thoughtful, as if for the first time, about how mathematics emerges and is communicated:

It quickly became apparent to me that to study any subject during this time period you would need a huge amount of devotion and intellect. You would need to be fluent in various languages to even access three quarters of the books, you would need to travel to find the books and you would need an in-depth knowledge of the subject to comprehend them.

[2]

I was curious about the various languages used in the books and wondered whether every mathematician needed to be fluent in order to understand and broaden their mathematical knowledge.

[6]

The visit gave me a much better and clearer insight into the HoM module, it put into context how the maths we do and formulas we take for granted did not just fall from the sky, but were sought after and achieved by great minds. [12] Other students articulated hermeneutical sensibilities about the foundations of mathematics:

Seeing some of the diagrams and equations that were printed in the math books we viewed (though in a different language and confusing at times) made me very aware of how long math has been around. That may sound childish at first, but it was extremely eye-opening to realize that though we may now solve problems using different methods, the foundational concepts and ideas are similar. [9] I suppose because these books were collected such a long time ago, we assume that they had a complete different idea of maths, but in fact this is where our understandings stemmed from. The visit to the Edward Worth library made me completely believe and understand that. [START_REF] Barrow | 1677) of the remaining 37: 16 were born before 1640 (and were living during Worth's lifetime, but were much his senior) 16[END_REF] Others again drew attention to the language in which the works were written:

I was also reminded how much I take it for granted that English is the principal language of science today.

[7]

I was taken aback by how easily I could comprehend what was in the books even though they were written in different languages. [18] Overall the response to viewing original sources close up and in the 'intense' atmosphere of EWL was strong and clearly expressed. After giving these initial informal impressions of their visit, students were asked to work on the detail of the EWL Project in two phases. The first phase was introduced as follows:

The overall aim of this project is to produce material that will contribute to an online exhibition of the Mathematical works at EWL. Specifically, you are asked to choose one mathematical book from the collection and explore it in whatever way you can.

Several approaches that students might have adopted were suggested, without being prescriptive. These included (along with many others): finding out about the author (from the web), about the historical context in which they lived and about who influenced their mathematical development.

Students were encouraged to make plenty of rough notes, to be explicit about why they had chosen a particular work, and to relate it to their prior knowledge and readings. Moreover, the librarian sent a message of encouragement with some notes on the availability of English translations of books in other languages using the British Library's English Short Title Catalogue (ESTC). She also recommended paying attention to the preface of their chosen book (if available in English) so as to get an idea of the context of the book and what the author considered important, and to identifying the most striking illustrations in the book (if any).

The four students who could not make the visit had the opportunity to read the feedback of those who did, and compose questions for them. In this way, they were integrated into the work of the EWL Project alongside their peers.

Not surprisingly, some books were chosen by more than one student: seven chose Wilkins (1691), three chose L'Hospital (1696) and 2 chose Tunstall (1538). Having reviewed the work of phase one and given feedback, I nudged students to choose unique books, so that, in the end, 19 distinct books were 'chosen' (with two opting for Wilkins).

In phase two, students were required to review and polish there work, taking my feedback into account, reviewing features of the existing EWL online exhibitions and distilling their work to produce an engaging, informative and reliable piece of between 800 and 1200 words.

Later, in a short 'capstone' exercise, students were asked to identify the two readings they found most helpful for insights into the history of algebra, and give reasons why? Many of them chose readings related to their work on the EWL Project, indicating its strong significance in their view.

Preparing the online mathematics exhibition

Once the students' work was complete, the next challenge was to devise the structure for the online exhibition. The librarian, Elizabethanne Boran, had much experience in this matter and, together, we decided to use the headings (Arithmetic, Algebra, Geometry, Conic Sections and Infinities) in Ward's The Young Mathematicians Guide (1719) as categories for five sections, and to augment these by four more, namely Probability, Applications, Notation and Communities. These nine sections were then to be introduced by an opening section entitled 'What is Mathematics?' A decision was made to incorporate the students' project work to the greatest extent possible (within an appropriate editorial rubric). Each of these thematic sections included links to the works of featured mathematicians. A full list of these mathematicians is given in Table 1 (presented chronologically, with reference to the life of Edward Worth himself).

Number represented in EWL who died (or were born) in a particular period List of those chosen for the EWL Exhibition In this table, three (indicated by *) are included for their editions of Euclid. The exhibition itself can be seen online [START_REF] Oreilly | Mathematics at the Edward Worth Library[END_REF].

Conclusion

This paper has outlined the design and implementation of collaborative work within a module dedicated to the history of mathematics, drawing significantly on original sources. The result of this work has led to the production of an artefact external to the module, the online mathematical Thematic Working Group 12 exhibition at EWL. It is evident that much was learned by all those involved, students, librarian and lecturers, giving clear testimony to the value of engaging deeply with original sources, in this case the mathematical works collected by the medic, Edward Worth, in the late 17 th and early 18 th centuries. It is hoped that many will view the exhibition and thereby enjoy the work of those who created it.

Table 1 : List of those chosen for the EWL Exhibition

 1 
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