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MathsFit, a suite of hybrid resources, supports first-year students as they complete their first nonspecialist mathematics course in University College Dublin, Ireland. Through diagnosis of mathematical proficiency and provision of multiple methods of mathematical support, 3,299 students from four courses have participated over three iterations of an action research design cycle. This paper details changes to the design and implementation of MathsFit over the past three years. Analysis of student feedback, gathered through surveys and interviews, is provided to aid the discussion of how MathsFit supports students from various backgrounds. The position of MathsFit within the broader university experience is discussed using the Communities of Practice framework.

Introduction

As higher education institutions (HEIs) broaden their access routes to undergraduate programmes, the well-acknowledged issue of transition, particularly to university mathematics [START_REF] Hochmuth | Transitions to, across and beyond university[END_REF], must take account of the diversity of students' backgrounds and mathematical proficiencies. In Ireland, like many other countries, mathematics and statistics support (MSS) is a well-established aid to students' mathematical transition [START_REF] Cronin | An audit of Mathematics support provision on the island of Ireland in 2015[END_REF][START_REF] Lawson | The evolution of mathematics support: A literature review[END_REF]. MathsFit is a hybrid mathematics support transition programme for first-year non-specialist mathematics students at University College Dublin (UCD), Ireland which began in September 2020 [START_REF] Mullen | A university mathematics transition programme designed to increase student engagement with mathematics support[END_REF]. MathsFit includes a refresher course of practice questions and videos, a diagnostic quiz (which may be attempted twice), pre and post-quiz surveys, and a later follow-up survey. Personalised emails following each quiz attempt suggest appropriate mathematical support including visits to the UCD Mathematics Support Centre (MSC). Initially, first-year students of Agriculture and Health Sciences, and Business participated in MathsFit, thereafter they were joined by Science and Engineering students, approximately 1,600 students each year. Currently, 34.6% of UCD undergraduates enrol via alternative pathways [START_REF] Fleming | Who Counts? University for All Data, Metrics, and Evidence 2020-2021[END_REF] resulting in a large diversity of student backgrounds. Building on the first year of MathsFit [START_REF] Mullen | A university mathematics transition programme designed to increase student engagement with mathematics support[END_REF], we now outline the evolving design and implementation of MathsFit over the past three years, followed by student interview and survey data analysis, with a particular focus on the multiple communities involved.

Literature Review

The identification and support of students who struggle in their transition to university mathematics can take many forms but commonly are accomplished in Irish HEIs through diagnostic testing [START_REF] Hyland | The nature and prevalence of diagnostic testing in mathematics at tertiary-level in Ireland. Teaching Mathematics and its Applications[END_REF] and/or the provision of MSS through MSCs [START_REF] Cronin | An audit of Mathematics support provision on the island of Ireland in 2015[END_REF]. A diagnostic test consists of questions chosen to reflect students' mathematical proficiency, usually at time of entry to university. Students considered 'at-risk' are guided to MSS [START_REF] Hyland | The nature and prevalence of diagnostic testing in mathematics at tertiary-level in Ireland. Teaching Mathematics and its Applications[END_REF]. Students' response to diagnostic testing is generally positive once its purpose is clear and useful feedback and support measures are available, though the timing can be of concern [START_REF] Ní Fhloinn | University students' perspectives on diagnostic testing in mathematics[END_REF]. Bridging courses (e.g. [START_REF] Kürten | The Rechenbrücke -A project in the introductory phase of studies[END_REF], accomplish a similar goal but in a different time frame -usually taking place before university begins.

The main MSS measures in Ireland are MSCs. These spaces, where students drop-in or book an appointment to gain mathematics assistance are proven to impact students in a number of ways, for example, grade improvement [START_REF] Mullen | Evaluating the Impact of Mathematics Support Using Moderation[END_REF][START_REF] Lawson | The evolution of mathematics support: A literature review[END_REF]. MSCs act as community spaces where students work together and with more experienced mathematicians form a Community of Practice (CoP) [START_REF] Solomon | Safety in numbers: mathematics support centres and their derivatives as social learning spaces[END_REF], one of many university mathematics CoPs [START_REF] Biza | Communities in university mathematics[END_REF]. MSCs can be viewed as working CoPs where tutors or 'oldtimers' aid students or 'newcomers' to understand the 'shared repertoire' of mathematics (how symbols, resources, objects are used) but also provide 'mutual engagement' (norms, expectations, social relationships) [START_REF] Wenger | Communities of practice: Learning, meaning and identity[END_REF]. The working hypothesis is that students who become 'insiders' in the MSC CoP gain the most benefit and thus encouraging students to visit the MSC is important. In the hybrid space developed through a pandemic-enforced move online, MSCs and university mathematics more generally have a new space to navigate and should try to incorporate the benefits of both online and in-person learning desired by students [START_REF] O'shea | A Survey of Research on the Impact of the COVID-19 Closures on the Teaching and Learning of Mathematics at University Level in Ireland[END_REF]. Support measures linked to diagnostic testing can now operate in both online and offline spaces leading to new avenues of research.

Data Collection and Analysis Methods

Data consists of two sources of feedback, open responses from the post-quiz survey's final question 'Any comments about MathsFit?' which was answered by 56% of participants, and eight interviews. The follow-up survey, sent to students eight weeks after participation in MathsFit which had 216/287 responses in 2021/2022 respectively, asked for interviewees and all volunteers were interviewed. Three online interviews in November 2021 and five in-person interviews in November 2022 were conducted. The semi-structured interviews lasted on average 20 minutes and were driven by our research question 'What is the student experience of MathsFit?'. Analysis of interviews and open survey question responses was guided by [START_REF] Braun | Using thematic analysis in psychology[END_REF] reflexive thematic analysis approach and themes around communities were identified. The CoP framework was then chosen to drive discussion of these results. Quantitatively, MSC attendance data is also analysed.

Changes in design and implementation

Over three cycles of MathsFit, the design and implementation of many aspects has changed, prompted by student feedback and wider university issues. Adjustments include: changing from online to hybrid design; three different quiz and refresher course hosts, Brightspace (UCD's virtual learning environment (VLE)), Numbas (an open-source e-assessment tool: https://www.numbas.org.uk/), and Bolster Academy (a commercial online learning environment: https://bolster.academy/); a reduction in quiz questions; the removal of the quiz time limit; and creation of four versions of the quiz, one for each of the participating courses [START_REF] Mullen | A university mathematics transition programme designed to increase student engagement with mathematics support[END_REF]. Refresher courses have also changed from a post-quiz to a pre-and post-quiz support.

The hybrid nature of MathsFit

In September 2020, all Irish HEIs were operating online due to pandemic restrictions and thus MathsFit was an online programme with students completing the 30-question quiz unsupervised within a set time limit of 45 minutes. In September 2021 students' first attempt at the MathsFit quiz took place in-person in their first mathematics tutorials. Their (possible) second attempt and refresher course were online and MSC visits could be either in-person or online. The results of MathsFit going hybrid were somewhat mixed. Participation in MathsFit increased, see Table 1 (note course enrolment remained consistent), as students attended their tutorial and completed the quiz. This was beneficial as more students were offered prescribed diagnostic support measures. However, with large groups of students accessing the quiz online simultaneously on the same WiFi connection, 329 of 1,435 students from all four degrees had technical issues. Thus the second attempt feature was critical in assisting these students. Upon reflection on the purpose of the quiz, technical issues, and student feedback, in 2022 the first tutorials assigned to each course were used to communicate the aims and purpose of MathsFit.

Students also explored the refresher course. The refresher course and quizzes were hosted on Bolster Academy, a commercial tool providing more technical support than Numbas's admirable communityled platform. A deadline, as in 2020, was imposed for the completion of the quiz and students were expected to complete it in their own time. This use of the tutorial aligned better with MathsFit's aims -informing and encouraging students of the mathematical support available to them. Tutors could interact with students answering mathematical as well as technical questions instead of just supervising quiz completion. Students could interact with each other, get to know their tutors, and have a much gentler introduction to the MathsFit programme. There were fewer technical issues and students who did have problems were assisted before they accessed the quiz, meaning more robust quiz results. MathsFit's hybrid design felt more settled as the in-person elements were purposefully aligned with its aims and the online elements offered flexibility to students.

Timing of MathsFit

For all three MathsFit iterations first-year students had only ten weeks of teaching in their first semester due to the pandemic instead of the usual twelve weeks. Within this tighter timeframe aspects of continuous assessment in all four courses began earlier than usual and overlapped with MathsFit. Students' first mathematics tutorial occurred in their first week of classes and the quiz (including the second attempt) closed at the end of their second week. Late registered students were given additional time to participate. Students were emailed about MathsFit, particularly the refresher course, in 'Orientation Week' (the week before classes begin) but some were unaware of MathsFit until the first tutorial. This greatly influenced the redesign of the tutorial. The timing of MathsFit is difficult to change, constrained by broader university issues, and does impact the student experience.

Student feedback

Insights into the student experience were gained from the post-quiz survey open feedback responses. While only a small number of participants over the three years were interviewed, those that were, came from a variety of backgrounds and courses. Student interviews quotes in this section are represented by a letter and two digits corresponding to the first letter of their degree area, Agriculture (A), Business (B), Engineering (E), or Science (S), and the year they completed MathsFit, 2020, 2021, or 2022. While quotes from survey responses will be indicated with S as the first letter to indicate survey then a second letter indicating their degree.

Different student groups' impressions of MathsFit

The majority of participants had just completed the Leaving Certificate (LC), Ireland's state terminal secondary school examination. In 2020, secondary schools moved exclusively to online learning and LC examinations did not occur. Most LC students' reactions to MathsFit were similar to: SB20: This is the first time I've done maths since March.

MathsFit was an important revision tool for these students who had not engaged with mathematics for several months. This trend continued in subsequent years even though LC examinations resumed.

These LC students revealed surprise at their loss of maths proficiency over the summer months.

A significant minority of UCD students are international and thus completed their secondary education elsewhere. For them MathsFit offers an opportunity to compare curricula and find out what they are expected to know. This was highlighted in an interview with an international student who found the MathsFit Refresher Course 'very positive' in demonstrating the required knowledge.

This feature of communicating mathematical expectations was also discussed by a business student who did not precede from secondary education to tertiary education immediately.

B22: I took two years off before coming back to school so it was nice to get a presentation of … the stuff that you will have to [do] or you're expected to know… a soft landing A mature student who completed UCD's year-long Access course before entering Science also discussed the loss of mathematical proficiency over summer months similar to LC students but this was compounded by their longer break from mathematics before that course.

S22:

I did the Access course last year, and before [that] I would've had no maths since Leaving Cert like about thirty years ago … I kinda got the grasp of it again but over the summer kind of lost that again with, you know, not continuous practice, and so I felt a bit frazzled about the prospect of starting calculus. But I found with MathsFit … I could … remind myself of certain aspects of maths.

These students highlight how MathsFit was useful to them, with communication of mathematical expectations and revising basic mathematics following a break in their studies.

Timing of MathsFit

As established, the timing of MathsFit was not ideal and numerous students remarked on this. A frequent refrain in the post-survey particularly in 2020 and 2021 was: SB20: Should give students at least a week to settle in before a quiz like this as it stressed a lot of people out.

This was explored further in interviews and a science student explained:

E21: It was a bit scary at the start because I didn't understand what we had to do … I didn't mind that much over all in the end but it's just I think at the very beginning, I found it a bit overwhelming.

Students new to university and the purpose of MathsFit, are understandably concerned as MathsFit is students' first interaction with university assessment. To counteract this the tutorial in 2022 explicitly addressed these concerns and this type of feedback was less common in 2022.

Mature students who completed UCD's Access course find themselves at an advantage in that they are already somewhat familiar with university. However, the timing still doesn't suit perfectly.

A22: I just knew myself the level of maths where I was, so I actively engaged with it, because I knew from the outset that I would need it. And then from the very first week, I was spending a lot of my time in the Maths Support … I actually realised that I was spending so much time relative to my other work, and then I had to kind of drop it … if maths support had been available, maybe at the beginning of September or before, an extra start, I would have spent loads of time on it when I actually didn't have any lectures. … I got to a point where I couldn't continue it, because every other module was upscaling its workload.

Conducting MathsFit during students' first week of class means other responsibilities overlap with their participation. If students discover through MathsFit that they require a lot of support in reaching an appropriate level of mathematics proficiency, this can lead to workload issues. Another source of conflict is MathsFit running alongside the teaching of new mathematical content within the courses it is part of. E22 discussed how having a focus on just MathsFit for the first week of classes would be beneficial instead of learning new content in lectures and revising mathematics in the first tutorial and outside of classes.

E22: you're trying to balance the time between the two but I don't think it interfered really too much but I think eh, that would have also made it more clear because I suppose I thought that MathsFit was part of the module that we were doing which I know in terms of the grade it is but in terms of the content it isn't really … it was just a bit confusing … a one week thing where it's just MathsFit, so your first official week or something would maybe be more beneficial.

When asked for their opinion on whether MathsFit could take place earlier for example in the students' orientation week, the response was varied. A22, a mature student who had the benefit of being familiar with UCD including the VLE, felt confident other students would be able to navigate the system without much guidance, describing their younger peers as 'tech savvy' but feedback from the younger students suggested otherwise.

SB22:

I would like for future activities like this one to be made a little bit clearer/ be given to students later on, especially since I've found it difficult to adjust to Brightspace in the beginning. I admit that I have received lectures on how to use Brightspace, however, that has only been offered to me after I had to take the MathsFit quiz 1.

Thus, the large majority of MathsFit participants cannot be expected to participate without explicit instruction in how the technology works.

Awareness and use of the MSC

A key aim of MathsFit is to raise student awareness of the MSC. Unfortunately, little qualitative data on MathsFit participants use of the MSC has been obtained as only two of the eight interviewees had used it, the others discussing how they were aware of it but had not yet needed to use it. Both students who had used it were mature students and felt it was a great resource though had issues with noisy environments and high volume of students relative to the number of tutors. Nevertheless, A22 said: A22: Yes I've been to maths support every week … they are brilliant in there… they take it at the pace that you need, … they're non-judgmental which is really important …What you need is someone to explain it simply … And the people in the maths support centre, they're just a lifeline. I can't recommend that enough either.

Quantitatively there was an increase in MSC visits by MathsFit participants each year. Table 2 illustrates the number of unique students and total number of visits in brackets by year and course. 

Discussion

UCD MSC supports students with mathematical problems and aims to increase student success and retention. MathsFit can be viewed as an extension of the MSC CoP aiming to find the students most in need of its services and encourage them to become 'insiders' in the MSC CoP. MathsFit focuses on non-specialist mathematics courses as students may have more conflicting mathematical experiences or identities in connection with how they perceive the relevance of mathematics to their degree [START_REF] Alpers | Mathematics as a Service Subject at the Tertiary Level: A State-of-the-Art Report for the Mathematics Interest Group[END_REF], and thus be reluctant or peripheral members of mathematics CoPs. The design of MathsFit is structured so that these students are welcomed and initiated into MSS CoP where the 'shared repertoire' and 'mutual engagement' dimensions of university mathematics can be navigated to their benefit. MathsFit involves four different degree CoPs made up of 'newcomers' from a variety of backgrounds making changes in design and implementation necessary. Adaption of MathsFit to students' needs has improved each year as practitioners learned about these four CoPs, students within them and their support needs. Additionally, the changing nature of university in terms of online and in-person teaching and learning over the past three years (O'Shea, 2022) has allowed the development of a truly hybrid programme affording students multiple means of engagement.

Diagnostic testing serves students by connecting to their previous mathematical learning and communicating the mathematical expectations for university [START_REF] Hyland | The nature and prevalence of diagnostic testing in mathematics at tertiary-level in Ireland. Teaching Mathematics and its Applications[END_REF]. Interview analysis illustrates that this is of particular use to students who do not come from the 'traditional' LC pathway (e.g. International and Mature students) and thus feel less sure of where they stand in terms of their competency and preparedness for university mathematics and its 'shared repertoire' [START_REF] Biza | Communities in university mathematics[END_REF]. It benefits LC students similarly, indicating commonalities between all students after a summer (or longer) without mathematics. Students' reaction to MathsFit aligns well with previous studies into students' views of diagnostic testing [START_REF] Ní Fhloinn | University students' perspectives on diagnostic testing in mathematics[END_REF]. Qualitative data suggests participation in MathsFit does benefit students in their 'negotiation of the repertoire' and the current ongoing quantitative analysis suggests similarly -see [START_REF] Mullen | A university mathematics transition programme designed to increase student engagement with mathematics support[END_REF] for initial results.

There has been an increase in MSC visits by participating MathsFit students and visiting is proven to benefit students [START_REF] Mullen | Evaluating the Impact of Mathematics Support Using Moderation[END_REF], so MathsFit is making an impact.

MathsFit's main challenges are timing and further embedding within the students' first mathematics course. Students are involved in many different activities within their various CoPs at the same time they are completing MathsFit. The earlier implementation of MathsFit is limited in possibility due to the short time frame between students' university offers and starting classes, and unfamiliarity with Brightspace. Due to the timetable of first-years' first semester MathsFit does not embed seamlessly into maths courses despite lecturer buy-in. Greater alignment between the MSC/MathsFit CoP and the participating degree CoPs is needed. Some student groups, mainly the mature students who have already been students at UCD, could access MathsFit earlier and use it more like a bridging course but should/could access to specific elements of MathsFit be tailored for different student groups? With the hybrid design of MathsFit evolving, attention can turn to fine tuning the student experience.

Table 1 : Number of MathsFit participants by year and course

 1 

	Year	Agriculture	Business	Engineering	Science	Total
	2020	253	449	n/a	n/a	702
	2021	335	458	384	258	1435
	2022	188	422	280	272	1162
	Total	776	1329	664	530	3299

Table 2 : Number of unique students (and total visits) to the MSC by year and course

 2 

	Year	Agriculture	Business	Engineering	Science	Total
	2020	60 (217)	31 (71)	16 (48)	9 (67)	116 (403)
	2021	85 (304)	66 (207)	41 (103)	19 (65)	211 (679)
	2022	96 (310)	86 (240)	34 (63)	39 (108)	255 (721)
	Total	241 (831)	183 (518)	91 (214)	67 (240)	582 (1803)