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This paper draws on data from an in-depth longitudinal case study of the first cohort of five students making the transition from teaching assistant in secondary school to specialist teacher of secondary mathematics via a new full-time honours degree in Mathematics Education Studies beginning in September 2002.  Data from a second cohort of four women and one man starting in 2003  is less complete, but used as appropriate. 

The study is located within theorised literature of widening participation, student choice, and learning mathematics, but the learning trajectory of these students challenges each of the categories. It is timely in view of national policy of a ‘remodelled school workforce’ (DfES, 2004) whereby the stated intention is to complement a reduced cadre of qualified teachers with an enhanced number of staff supporting teaching and learning.

The paper draws attention to differences in learning style that the students developed with respect to conventional mathematics undergraduates, and points the possibility of building a more diversified understanding of widening participation to take account of motivated adults of working age.  As will be shown, the students entered the university and showed a preference for developing their mathematics from a most unorthodox base. With few pre-qualifications in mathematics, learning this difficult and usually acknowledged as hierarchical subject to degree level challenged conventional university mathematics provision in both pedagogic and content terms.  I argue, using Bernstein’s work (1996) on subject classification, this student group represents a different type of learner, navigating simultaneously two mathematics discourses:  ‘hard’ university  mathematics, and ‘everyday mathematics’ as experienced by the lower ability school pupils that the students support when at work. 

Data was collected via interview, observation, scrutiny of students data and coursework, tutorial and research diary notes.

Widening participation

The first cohort of students, all women, were aged between 35 - 49 on entry. 

Each had GCSE or O-level mathematics attained in the earliest case in 1973 and most latterly in 2000.  None had higher than Grade B Intermediate GCSE in mathematics, but one had Accountancy O-level grade A, and another had completed one Open University entry level 1 course in mathematics. Other qualifications ranged from those achieved at school to qualifications that each had gained through continuing education as adults in counselling, embroidery, art, design, numeracy, literacy and computer qualifications between them.  One student had a basic skills teaching qualification, and continues to teach adult numeracy.  In comparison with ‘traditional’ mathematics undergraduates, i.e. higher than average A-level points scores on entry, and mainly following on straight from school, the students have extremely limited mathematics qualifications.  In addition, comparison with national data on student populations as a whole (UCAS, Labour Force Survey, Office for National Statistics, 2004) positions the students as older than almost three-quarters of the undergraduate population and in a lower social class than half of them.

Widening participation rhetoric focuses on enticing people into learning who would not otherwise be there. It sets out to stimulate mass demand for education;  promote an interest in lifelong learning; and to provide information and advice for groups and individuals and their communities. Targetting mainly young people, for example those who are homeless, non-learners or unemployed,  participation may be subsidised through universal funding.   Through tax credits or relief, employers are also impelled to fund ‘work-based learning’, i.e. provide low-level vocational training for those with demonstrable skill or knowledge deficits, and to offer flexibility to stimulate demand (see for example, Hillage and Aston, 2001).  Within the context of degree study  though, ‘widening participation’ is becoming a catch-phrase specifically used to drive flexible and/or accessible provision.  
This account relates to people who, despite being unqualified  are already in educational institutions, i.e. schools, through their work. They are ‘pre-disposed’ favourably towards higher education (see for example Billet, 2001), desiring progression, having undergone a long, and autodidactical preparation for university study, illustrated in a variety of ways through previous personal and professional engagement with learning.  As one commented:

For most of my adult life since I’ve left school I’ve actually studied something so I like learning just for learning’s sake, so I’ve virtually always done some form of study that’s more pleasure orientated, and gradually getting higher qualifications, this will be the highest one.
Thus, although this degree was developed within the aegis of widening participation at the University, the students do not fall into any of the target groups, being too old (and two young for initiatives aimed at older people over 50),  too experienced in their jobs to ‘need’ work-based training, already committed to education and educational institutions through their work in schools, and ineligible for funding because their degree work is at too high  level. 

Student choice

A study for the ESRC into choice of university by school-leavers (Ball, Davies, David, Reay, 2002) has identified that choice of university by eighteen-year olds takes place in two registers:  cognitive/performative, and social/cultural. The researchers argue that ‘choice’ is a constrained concept for both middle and working  class students, whose socio-cultural decisions are affected by life biography and family history. 

Each student was committed to the region, and three of them were working in the schools attended by their own children (although in each case, the children had grown up).  For these students, there was very little ‘choice’ in the sense that they were already committed to the university through a Diploma completed as a pre-requisite for the degree, and saw choice as being between mathematics and English (the other new degree), given the desire to ‘go on’, and become a teacher. One student’s pathway on to the programme was because she had joined originally a basic numeracy class taught by one of the other students. That this student was also actually working in the school that she had attended (and disliked) as a pupil, and that her daughter also attended illustrates geographical stability on part of the group.  
I only really only got interested in maths when my daughter, who is now eighteen, started here, and brought some homework, and asked for some help, and I couldn’t help her. And then I noticed that the school ran an adult basic skills class.  So I originally came to ....  adult basic skills class to get help with my daughter’s homework, and from that I got interested in maths, and I took a Number Power, which was an adult achievement award, and then I moved on to GCSE foundation and then to GCSE intermediate. I just found that I, you know, quite like maths.  It was interesting and a completely different experience than I had when I was learning it for myself.

Mathematics, the university and the workplace

Bernstein (1996) suggests a model of knowledge discourses explained through reference to horizontal and vertical axes.  Vertical discourse is a coherent, explicit knowledge structure, based on systematic principles, hierarchically organised and written in form.  The natural sciences and mathematics exemplify conventional vertical knowledge structures. Horizontal discourse consists of everyday, oral, commonsense knowledges, and are not represented as forms of explicit knowledge in schools and universities. 

Work on development of mathematical understanding in adults until very recently has been limited to studies in learning low-level practical mathematics in context. There is a body of work in the tradition of situated learning of mathematics (e.g. Lave, 1988; Harris, 1992) in which it is loosely recognised the mathematics that is practised in the workplace or in everyday life is learned more successfully than that which occurs in formal settings. 

Within the last ten years, political intervention in mathematics learning in schools has been associated with a flurry of interest in the purpose and scope of mathematics teaching, the attainment of students, and the effectiveness of the learning for the purpose for which is taught.  There have been investigations in three main fields:

· mathematics required professionally by workers in specific occupations (e.g. Hoyles, Noss and Pozzi, 1999; Evans, 2000), and the implications of poor mathematical skills (e.g. Bynner and Parsons, 2002);

· the preparedness of school students for mathematics learning post-16 (e.g. Sutherland and Pozzi, 1995; Kahn and  Hoyles, 1997; Sutherland, 2002, Smith, 2004);

· take up of mathematics by students exercising choice post-16; Dolton and Vignoles, 2002; Wolf, 2002, Smith, 2004).

This work tends to veer away from advocating learning in context, in favour of addressing known mathematical difficulties (e.g. algebra and proof) by targeting these separately.  Using Bernstein’s analysis, this focus is on mathematics as a vertical knowledge discourse and offers a significant challenge to the orthodoxy both of relevant and practical mathematics curriculum as not providing suitable preparation for the post-16 pursuit of mathematics.  This discourse imposes on professionals the need to be successful in negotiating the high status vertical discourse of mathematics as practised and perpetuated through the university.  Thus the question arises as to how, for these students, mathematics work at the university relates to their mathematics work at school. 

Knowledge in schools and universities is vertically produced, but as has been demonstrated (Dowling, 1997) this is, in the case of mathematics, for the most able students only.  For the least able mathematics is everyday knowledge, is common sense, consists of basic skills  that more nearly are located within horizontal discourse.  Thus the students are, as teaching assistants, working in school with the lowest ability students, whilst attempting to engage with high enough mathematics to be acknowledged as competent in it. Expecting a direct relation between the everyday classroom world of the teaching assistant and university mathematics is therefore theoretically unrealistic.  

It is not surprising, that when asked whether there was any relationship between the mathematics they study at the university and what they do in school, there was really very  little mathematical resonance:

From the TA point of view no, because we work with the basic level kids who are nowhere near that level. Probably from the teaching point of view no because I only work with year seven and year eight. 

However, in terms of pedagogy, for example, they see struggles with university mathematics providing insight into school pupils’ difficulties, even though the specifics may be different, as in this example with algebra: 

We’ve started doing some more algebra, so that was my difficulties, getting to grips with quadratics, it’s easier for me to see how when students are having difficulty to try and help them get round it ... I've been trying to find ways to make it easier for them.

Students make connections with approaches to learning mathematics considered at university:

A few weeks ago you gave us something to read on strategies to help learn maths, and then I pulled out some of the points and discussed it with one of the teachers who was trying to help a GCSE class revise ... there were points like writing notes, reading it to yourself, trying to do examples, strategies like that to help them get through problems.
Undergraduate mathematics student experience

The first serious attempt to investigate the actual experience of learning mathematics at university is a recent ESRC study ‘Students Experience of Undergraduate Mathematics’ (SEUM, 2000 – 2003, Macrae, Brown and Rodd).  Cohorts of single honours undergraduate mathematics students were tracked throughout their degrees at two universities.  The study identified several factors that characterise experience of ‘traditional students’ (i.e. higher than average points scores on entry, and mainly following on straight from school), and is useful in fore-grounding the experiences of traditional mathematics learners at universities.   All  ‘able’, many are successful through a combination of previous experience, good luck in being born into supportive families, personal characteristics of tenacity and motivation, and teaching that suits them.  However others are not at all successful or happy with their experience and are powerless to address difficulties with mathematics or the manner they are taught, without knowing how to help themselves.  

In comparison with traditional students, at first sight these mathematics education students seem very vulnerable.   Unlike conventional undergraduates, none has any parents, brothers or sisters attending university, and only one has a graduate in her immediate family. Secondly, in terms of class, the students are in an under-represented group of the university population as a whole. And most obviously none had what could even remotely be translated into the equivalent of high points scores in A-level mathematics.  However, on closer analysis it seems that this apparent vulnerability may provide a strengths not apparent in apparently more initially able students. Diverse strategies for learning are articulated in relation to mathematics that arguably position these students as different from their conventional peers, and students are progressing through the programme, between them achieving the full range of marks.  Unlike traditional mathematics students, so far there has been no drop-out.

Attitudes to mathematics changed since being school students.  School mathematics was described in depressing ways that will be familiar to many readers: 

‘monthly tests’,  ‘wanted to do A-level but I was told I wasn’t good enough’,  ‘solving problems and lots of examples’, ‘really nice teacher in the first year/horrible git in the second year, ‘didn’t understand it’. 

Asked about their current metaphorical experience of mathematics (Miller-Reilly, 2000), less definite and more ambivalent views emerged:

...it would be a saucepan because things go in and get all mixed up and sometimes something nice comes out

...I want to say a monkey, it’s a sociable thing.  To me it definitely wouldn’t be a lone creature.

In terms of study, life style and organisation, students’ study habits were precious and thoughtfully set out.  The students must integrate their study with family life, and each seeks to find time to work at home when other family members are out.  The study day is critical in this respect. All have space at for study, described affectionately, 

‘very quiet, on the dining room table, I can see out of the window, many distractions watching the birds’ 

Two students take their study day in school, working together in the maths office ‘busy, with children popping in and out’.  They note that working together is helpful but needs to be thought about:

We used to start off working on our own and then get together to see what we'd done, whereas now we do it the other way round, we sort it out together, and then once we've got it straight in our own heads then we can go away and work on our own.

In so far as what makes mathematics difficult, the students, like their traditional counterparts, referred to the speed at which topics were dealt with in class.  All have developed strategies for addressing this, such as revision at home, and repeated practice, but the students vary with respect to their confidence in being able catch-up things that have not been understood.  Perhaps fundamentally, students recognised the need to become adroit with algebra, and were explicit about the difficulties in ‘applying squiggles’, ‘reading symbols’, and the need to grasp the concept of a variable.

Each developed strategies for supporting themselves through difficult ideas, some of which seem more successful than others.  Unlike the traditional students who relied largely on lecture notes, there seem to be a range of approaches including using text books, tutors, other mathematics teachers in school the internet, and each other.  Two students explicitly use their school, thinking about who to ask for help, not questioning that they should ask for help at all.  

I ask ..., and anyone who'll listen ‑ anyone who's not teaching I can grab! Well any of the maths departments, any of the science department who stray into the maths department, and who look like they might know what they are talking about, um, student teachers... it is quite nice not to feel you’re badgering people.

Anxiety about ‘badgering people’ though inhibits others from discussing mathematics in school with the teachers. 

The students were asked about being stuck, whether they had been, and what they did about it.  Each had developed strategies for dealing with being stuck, e.g. getting other people to explain, reading aloud, sleeping on it, looking at books, working backwards from the answers, making a physical model (sometimes these were very elaborate), looking for examples on the internet. Although confident in approaching tutors for assistance, the students all tried other approaches before contacting me or my colleague, and over the year reacted to being stuck in different ways.  Students did not like being stuck and reported feelings of frustration, annoyance, and feeling stupid. However, one student declared that it ‘doesn’t bother me as much as it used to’ and went on to produce a reflective autobiographical piece for assessment called ‘On Being Stuck’ in which ‘stuck’ was posited as the normal status quo position, and ‘unstuck’ as something to achieve.  

Conclusion

If academic subjects such as mathematics are available for more diverse students, understanding of the range, continuum and experience of mathematics learning at the university on the part of students with different profiles becomes necessary.   In a small way this study begins the process of unpacking the experience of a cohort, and draws attention to how  different students interacting with the academy and the workplace leads to diversification of the learning experience and reflection on received understanding about ways of engaging with it.  

The pressure of combining study with work in schools is one that these women are prepared to navigate. Work preceding or alongside study – in contrast with traditional undergraduates – deserves further thought in relation to mathematics, and in relation to progression opportunities for mature and motivated students with high level work experience.

Integration of mathematics learning in the academy with the school classrooms in which the students work is problematic, as the discourses are different, and transfer is complex. However school settings can fruitfully extend the students’ access to mathematical understanding beyond lecture notes, and provide a context for noticing and reflecting on difficulties in learning.  Other advantages include a social setting for working at problems; access to specialised help;  and providing modelling of mathematics learning for school pupils.

These students exemplify a different type of mathematics learner, those for who mathematics has never been easy, have never been recognised as talented, and who have developed as a consequence successful strategies for dealing with the practically inevitable difficulties.  Their arrival in the university forces us to think about what is important about knowledge acquisition in mathematics, and to begin to take a stance on professional learning and widening participation.
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