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This paper describes preliminary findings from the ongoing project known as MathsFit, a suite of online and in-person mathematics supports designed for in-coming first-year university students of service courses. We describe the rationale of the project, some engagement metrics, and present results from the first year of the programme. Early results indicate that MathsFit does improve student engagement with the mathematics support services available. Plans for the next iteration of MathsFit, based on these results, will also be discussed.

Introduction

Diagnostic testing of incoming university students has been occurring for at least 30 years [START_REF] Lawson | After the diagnostic testwhat next ?[END_REF][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 often leads to the identification of students at-risk of underachieving in mathematics courses with the objective of supporting these students as early as possible in their transition to university mathematics [START_REF] Gillard | Diagnostic testing at UK universities: an e-mail survey[END_REF][START_REF] Ní Fhloinn | University students' perspectives on diagnostic testing in mathematics[END_REF]. However there have been no attempts, that the authors know of, at developing best practice in terms of how and why such testing should be conducted and what follow-on supports are most effective given varying institutional, socio-cultural and didactical contexts. In this on-going project MathsFit, a blend of in-person and digital supports, we employ an action research methodology of cyclical critical reflection using learning analytics, student interviews, and student survey response data.

Literature Review

The growing 'Mathematics problem' [START_REF] Hawkes | Measuring the mathematics problem[END_REF], i.e., the difficulty students, especially service students, experience in the transition from secondary to university mathematics has led to a number of initiatives in universities worldwide to support such students. Common measures include the expansion of mathematics supports such as drop-in centres and extra organised support tutorials [START_REF] Lawson | The evolution of mathematics support: A literature review[END_REF], the creation of bridging or preliminary courses, some of which have been discussed in previous CERME conferences [START_REF] Kürten | The Rechenbrücke -A project in the introductory phase of studies[END_REF][START_REF] Biehler | Designing and evaluating blended learning bridging courses in mathematics[END_REF], and diagnostic testing which has been researched extensively in the UK and Ireland [START_REF] Gillard | Diagnostic testing at UK universities: an e-mail survey[END_REF][START_REF] Hyland | The nature and prevalence of diagnostic testing in mathematics at tertiary-level in Ireland. Teaching Mathematics and its Applications[END_REF]. Diagnostic testing can allow for the identification of students who would most benefit from additional mathematics support during their initial time at university and beyond, commonly known as 'at-risk' students. [START_REF] Lee | Predicting performance of first year engineering students and the importance of assessment tools therein[END_REF] used diagnostic test results among other variables to predict the performance of students in later mathematical exams. Other uses for diagnostic testing found in a survey of UK institutions by [START_REF] Gillard | Diagnostic testing at UK universities: an e-mail survey[END_REF] include tracking changes in student profiles (e.g. [START_REF] Faulkner | The changing profile of third level service mathematics in Ireland[END_REF], informing students and staff about the students' mathematical competencies and guiding the development of additional support services.

There are two parts of diagnostic testing that necessitate sound learning design principlesthe test itself and the follow up support [START_REF] Hawkes | Measuring the mathematics problem[END_REF][START_REF] Lawson | After the diagnostic testwhat next ?[END_REF]. In choosing the mathematical topics to include in a diagnostic test, the mathematical expectations for students at university are communicated [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 a connection to their previous mathematical learning is made. Other design decisions, including whether the test is paper-based or electronic, and if questions are multiple-choice or not, affect the efficiency of the marking process and thus the speed of follow-on support. Follow up support can vary, with most including recommendations to engage with the mathematics support available [START_REF] Hyland | The nature and prevalence of diagnostic testing in mathematics at tertiary-level in Ireland. Teaching Mathematics and its Applications[END_REF]Gillard et al. 2011). Personalised and/or monitored support has a significant positive effect on students' engagement with offered support [START_REF] Gallimore | Increasing the impact of mathematics support on aiding student transition in higher education[END_REF][START_REF] Burke | The impact of a monitoring scheme on engagement in an online course[END_REF]. Large online systems with automatically marked multiple choice diagnostic tests followed by a personalised, gamified online remediation course that allows immediate feedback and increased student choice have also been successful [START_REF] Sharma | The online mathematics diagnostic tool for transformative learning in the Pacific[END_REF]. Ensuring diagnostic test results provoke action by students and university staff is the key theme across the literature on how diagnostic testing can aid students' transition to university mathematics.

Rationale

The rationale for implementing this project at this time were numerous. Firstly, quantitative research conducted on visits to the University College Dublin's Maths Support Centre from 2015-2020 showed that the majority of students attending the centre achieve high grades in the courses they sought support for (Mullen et al., 2021a). Conversely those students who failed mathematics courses, particularly in the first semester of first year typically did not attend the MSC or if they did it was often on only one occasion and late in the semester. Thus, it was conceived that new strategies to engage and support these under-performing students were needed beyond existing measures of advertising and promotion of the service. Secondly, given the significant disruption caused by the COVID-19 pandemic on second-level students' mathematics education from March 2020 there was a concern among MSC management that the mathematical preparedness of incoming university students may not be as strong compared to pre-pandemic times. Thirdly, given the disruption to state examinations and the delay to the collation and awarding of teacher awarded grades, university students started later than usual. This meant a reduction in instruction from 12 to 10 weeks. Combined with the fact that first-year final university examinations could not proceed in the traditional fashion, these students needed to be assessed within this same 10-week period. These factors persisted for the 2021/22 student cohorts also.

Methodology

In year one, MathsFit targeted two of the largest service modules taught by the UCD School of Mathematics and Statistics, Mathematics for Business (515 students) and Mathematics for Agriculture (371 students). These student cohorts come into university with very similar mathematical prior learning standards and university entry requirements, with Business requiring slightly higher matriculation points. A 30-question diagnostic test, referred to as 'Proficiency quiz' in communications with students, assessing fundamental concepts was devised by the authors. Existing diagnostic tests from Ireland, the UK, and Australia were consulted. The motivation was for students to reach a mastery level in the basics of mathematics fundamentals; Arithmetic and Trigonometry, Algebra, and Functions and Calculus. Questions were chosen on the basis that (i) they were taught in the Ordinary Level Leaving Certificate course (the state terminal second-level school examination sat by all school leavers in Ireland), (ii) they would be required in the forthcoming university courses, and (iii) they were a mixture of both procedural and conceptual questions. Figure 1 shows the first question of the Algebra and seventh question of the Functions and Calculus sections. All but two of the questions were multiple choice with five options: the correct answer, three distractors (based on common misconceptions), and 'I don't know'. Non-multiple-choice questions (such as Q1 shown below) were included to avoid 'process of elimination' type responses via the multiple choices offered. We included 'I don't know' as an option throughout to discourage random guessing and to differentiate between students who made errors in their solution and those who could not approach the question. The quiz was delivered online through the Quiz feature of the university's VLE Brightspace and students had 45 minutes (15 minutes for each section) to complete the quiz. In advance of the quiz students were shown an introductory video welcoming them to the university and explaining the rationale of MathsFit. The quiz counted for 3% of the continuous assessment grade for the Business module and did not count for credit in the Agriculture module. Demographic information including students' entry route to university and feedback on the students' experience of the quiz were collected through pre and post quiz surveys.

Utilising Intelligent Agents and Release Conditions features of the VLE, each student was sent a personalised email within 24 hours of their first attempt which included their results for each of the three sections, their overall result and a set of feedback instructions detailing how they may like to remediate. The email wording of these remediation factors was pre-programmed and dependent on their quiz score, which had five bands of classification. For example, those students who did most poorly were invited to book a one-on-one maths support session with a tutor to discuss their quiz and work through the areas they scored poorly on. Those students who scored the highest grade possible were invited to lead a study group of their peers under the facilitation of a senior MSC tutor. All students who did not score in the highest band were invited to retake the MathsFit quiz the week after their first attempt so that they may gain the extra academic credit, in the Business case, or refresh their mathematics, in the Agriculture case. This allowed us and the students to measure their improvement and further identify students who still score poorly after being offered initial support.

Results

446 Business and 254 Agriculture students gave their consent to participate in the study. There were 164 Business (37%) and 185 Agriculture (73%) students scoring in the lowest band. Only 11 Business (2.5%) students and no Agriculture students scored in the highest band. In terms of the specific mathematical areas tested students scored best on Arithmetic and Trigonometry and worst on Functions and Calculus. Figure 2 below displays the results by topic area for both attempts for the Business student cohort and for the first attempt of the Agriculture students. The second attempt results of the Agriculture students were not included due to low participation (n=13). The pre-quiz survey included a question on how well students felt they had covered their secondlevel mathematics curriculum and what topics they may not have covered sufficiently or at all. 38% of Business students and 34% of Agriculture students were unsure if they had covered the curriculum while 30% and 38% of Business and Agriculture students respectively were certain they had not. The post-MathsFit quiz survey results for Business students indicated that 11% did not have enough time for the Arithmetic and Trigonometry section, 46% did not have enough time for Algebra, and 27% did not have enough time for Functions and Calculus. The corresponding percentages for Agricultural students were 18%, 36%, and 31% respectively. Answers to these questions may explain in part, why the majority of students fell into the 'Low' category in the Algebra and, Functions and Calculus sections, calculus especially being a topic only covered in the Leaving Certificate curriculum, while other topics would have been covered prior to that. The module lecturers were informed about these results including students' particular struggles with exponents and features of functions (e.g. range) to aid their conceptions of students' prior knowledge and thus their teaching.

To assess the predictive nature of MathsFit, linear regression analysis was performed on the Business students' MathsFit data and other continuous assessment data from their Mathematics course. Both attempts at MathsFit were positively correlated with all the assessment components (six quizzes and two exams, all taken online). Students' first attempt at the MathsFit quiz had a correlation coefficient of 0.48 with their final percentage grade (see Figure 3). Their second attempt had a correlation coefficient of 0.53 with their final percentage grade (see Figure 4). Stepwise linear regression found the best model to predict students' final percentage using MathsFit data from both the quiz and the survey contained ten highly significant terms including their MathsFit second attempt result (denoted MF2 in the regression equation below), their gender, their degree, their Leaving Certificate result (H1 is the highest possible grade achievable), whether they thought they had covered the curriculum, and whether they had enough time in the Algebra section. The model had an adjusted R-squared value of 0.3816, which means 38.16% of the change in Final Percentages can be explained using this model, similar to [START_REF] Lee | Predicting performance of first year engineering students and the importance of assessment tools therein[END_REF] model. In particular, for every 1% increase a student scored on MathsFit, the model predicted a 0.6063 increase on the Final Percentage. Of 446 students, the model correctly predicted 433 of the students passing. It incorrectly predicted 11 students would pass, however they failed (false positive rate of 2.5%). It also incorrectly predicted 2 students would fail, but they passed (false negative rate of 0.45%). This model shows that MathsFit data can be used to identify at-risk students; however, linear regression may not be the best model to capture the trend. The quartile-quartile plot (Q-Q plot) for this model reveals a straight line for the middle values, but deviation at either end, particularly the lower end which means the residuals are not normally distributed. It implies that the model is working well for students in the middle range, but not well for students with lower marks, unsurprising as the model assumes normal distribution and the data is left skewed. Despite not being the best possible fit, this linear regression model shows that the data gathered through MathsFit, like other data from diagnostic tests [START_REF] Lee | Predicting performance of first year engineering students and the importance of assessment tools therein[END_REF], Gilliard et al., 2010) can be used to identify students at risk of failing and hence those in need of support. [START_REF] Mullen | The rapid move to online support: changes in pedagogy and social interaction[END_REF]. The 14% drop in visits for Mathematics for Agriculture and the 166% increase in visits for Mathematics for Business are thus above average. In particular, Mathematics for Business was one of only 20 courses whose number of visits increased in 2020/21 in comparison to 2019/20. Some of this increase in visits can probably be attributed to the impact of MathsFit, but other factors also may have played a role, such as, the course lecturer's increased advertising of the Mathematics Support Centre when lecturing online in 2020/21 in comparison to lecturing in person in 2019/20. MSC visits have been proven to positively impact students' grades both in UCD (Mullen et al. 2021a) and in other international contexts (e.g. [START_REF] Lee | Predicting performance of first year engineering students and the importance of assessment tools therein[END_REF]) so this increase in MSC visits by Business students due to MathsFit is a positive outcome.

Next steps

In September 2021, MathsFit was extended to incoming first-year students of five service courses including Calculus for Science, Introduction to Calculus for Engineers and the Business and Agriculture modules targeted in 2020. This involved approximately 1,600 students. Based on the authors' analysis of the first iteration of MathsFit, four of the five course coordinators agreed to award 3% of their continuous assessment for MathsFit. For comparison purposes a core set of 15 questions was common across all five MathsFit student cohorts, though the Engineering and Science quizzes were assessed at a higher cognitive level than the Business and Agriculture quizzes due to the mathematical requirements of these courses. Analysis of the survey (39 respondents -29 Business / 10 Agriculture) conducted in June 2021 found that students felt being asked to take a quiz in the first week of university without preparing for it was not student-centred. Hence, this year participating students had the option to engage in a refresher course before (and after if necessary) attempting the quiz in their first tutorial. Both the refresher course and quizzes were delivered using the open-source e-assessment tool Numbas (https://www.numbas.org.uk/). This allows for corrective feedback and multiple attempts (in the refresher course context) and a randomization of questions variables. Hence students get multiple opportunities for practice and do not see the same quiz if a second attempt is necessary as was the case with the static quiz in Brightspace. Due to public health restrictions in Ireland, lecture and tutorial slots must be capped at 45 minutes and so it was necessary to shorten the quizzes to 24 questions. Discriminant analysis and correlation analysis was conducted on the 2020 answers so that the questions with the lowest discriminant indices and/or highly correlated with another question were removed from the 2021 version of MathsFit.

Conclusion

MathsFit has reached one objective in that it had a positive impact on the number of student visits for the Business course involved in the study. It has also alerted lecturers to the gaps that some of their students have in terms of mathematical preparedness for university mathematics, in particular exponents and the range of a function. Finally, it has targeted the students who are most in need of timely mathematics support and introduced them early to the services on offer. Clearly the carrot of offering even a small percentage of credit for mastery within MathsFit had a significant impact on engagement with the second attempt and subsequent mathematics support engagement among the Business students.
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Final

  Percentage = 22.6533 + (0.61 × MF2) + (9.02 × H1) + (4.2 × H2) + (3.93 × Female) -(3.36 × NotSure, Covered Curriculum) + (0.3 × Yes, Covered Curriculum) + (6.5 × Other Degree) + (3.65 × H5) + (2.28 × A Enough Time).
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