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A desire to have students and citizens who are numerate and effective problem solvers is a common goal internationally (Gal & UNESCO, 2020). This desire is no different in an Irish context across all areas of education including adult mathematics education (SOLAS, 2020). This research used diagnostic testing to determine and compare the mathematical problem solving and procedural skills of a cohort of adult students in an Irish University. The diagnostic test, which was developed by the authors using the second level mathematics curriculum in Ireland as a guide, revealed that all adult students had statistically significantly lower mathematical problem solving skills when compared to procedural skills. These findings raise concern about the problem solving skills of adult learners. Discussion around the implications of such findings for best practice in adult mathematics education are outlined.

Introduction

The desire of having numerate citizens and students who can problem solve effectively is often driven by a nations need to stay economically competitive [START_REF] Perkins | TIMSS 2019: Ireland's results in mathematics and science[END_REF]. Adult mathematical numeracy is essential to ensuring job markets, economies and societies prosper in addition to the having a key role in improving the lives of citizens (Gal & UNESCO, 2020). Much literature exists on the importance of the development of problem solving skills in mathematics (IBEC, 2015) and a subsequent need to use effective pedagogical practices to support this [START_REF] Foshay | Principles for teaching problem solving[END_REF]. Despite these uncontested and commonly reported findings adult mathematics education is often overlooked when it comes to providing appropriate provision in terms of its development and improvement (Gal & UNESCO, 2020). The aforementioned body of research has resulted in an overhaul of the second level mathematics curriculum in Ireland in addition to heavily funded government programmes to upskill second level teachers. The same opportunities or investment have not been afforded in adult mathematics education. In an era where equality, diversity and inclusion are at the fore front of all higher education policies it seems remiss that those less advantaged, i.e., adult students on an1 Access Foundation Programme, are not offered at least the same supports and opportunities as the more advantaged in society. Some details of the overhaul to the second level mathematics curriculum in Ireland in 2010 as well as some literature surrounding problem solving in general and in the context of the new mathematics curriculum in second level education is also discussed in order to provide context for the development of the diagnostic test used within this research.

Literature Review

The second level mathematics curriculum in Ireland

In 2010 a new mathematics curriculum was introduced in second level education in Ireland entitled 'Project Maths' (PM) (Prendergast et al., 2017). The rationale for the introduction of a new curriculum was to change from the traditional 'chalk and talk' teaching methodologies predominately being employed so that students would have improved understanding of mathematical concepts and improved engagement with the subject [START_REF] Hourigan | Mathematical under-preparedness: the influence of the pretertiary mathematics experience on students' ability to make a successful transition to tertiary level mathematics courses in Ireland[END_REF]. The change from more traditional approaches to teaching mathematics to more student-centred approaches which focus on teaching for understanding was partially due to Irish students' comparative poor performance on an international platform [START_REF] Humphreys | Ireland ranks 15th in global league table for maths[END_REF]. Another motivator for the change was the emerging literature relating to the constant and steady decline in students' basic mathematics skills on entry to third level education over the past two decades [START_REF] Faulkner | Trends in the mathematical competency of university entrants in Ireland by leaving certificate mathematics grade[END_REF].

Like previous studies in the area [START_REF] Treacy | Trends in basic mathematical competencies of beginning undergraduates in Ireland, 2003-2013[END_REF] found that students' basic mathematical skills on entry to third level education, between 2003 and 2013, had declined. This study examined a time period which included students pre and post PM. What seemed positive about this study's findings however was the suggestion that students' problem solving skills may have improved over this time period. An examination of lecturers' perceptions of the change in mathematical performances, if any, after the introduction of PM found that lecturers felt that students' procedural skills were still on the decline but that possibly their openness to working with mathematics problems and problems that were not familiar to them when compared to previous cohorts of students had improved (Prendergast et al., 2017) 

Problem Solving in Mathematics

The need to document and improve students' problem solving skills through new and innovative pedagogical practices is omnipresent in education literature however it is not a straightforward practice to implement or even a concept that is very well understood [START_REF] Kilpatrick | 10: Problem solving in mathematics[END_REF]. Despite the challenge of defining problem solving in mathematics and understanding the best approaches to teaching it effectively it remains to be a skill that is very much desired by both employers and those in higher education institutions (Vordermann et al., 2011). The desire for this problem solving skill set often stems from it reportedly not being at the disposal of many school leavers (Jones et al., 2014).

Additionally, research in this area emphasises the long length of time that students spend in formal education learning mathematical skills which they then find very challenging to transfer to further education and/or a working environment [START_REF] Treilibs | Formulation Processes in Mathematical Modelling[END_REF]. Such realisations have resulted in many countries, including Ireland, trying to change their school curricula in response to the issues students are displaying with applying problem solving skills in mathematics upon leaving school [START_REF] Soh | An overview of mathematics education in Singapore[END_REF]. This "hiatus" between formal mathematics education and the workplace has also been acknowledged in research by [START_REF] Fitzsimons | In the workplace mathematics does not announce itself: Towards overcoming the hiatus between mathematics education and work[END_REF] who offer some suggestions as to how to overcome such issues by recontextualising the mathematics in different types of work and how the recontextualization could be incorporated into formal education settings so that the mathematics can be identified, and a context can be offered. The approach to improving problem solving employed in second level education in Ireland is considered next.

Problem Solving and Mathematics Education in Irish Second Level Schools Project Maths and Problem Solving

The second level Project Maths curriculum in Ireland defines problem solving as the following:

"Problem Solving means engaging in a task for which the solution is not immediately obvious. Problem solving is integral to mathematical learning. In day-to-day life and in the workplace the ability to problem solve is a highly advantageous skill. In the mathematics classroom problem solving should not be met in isolation but should permeate all aspects of the teaching and learning experience. Problems may concern purely mathematical matters or some applied context."

The description of problem solving outlined in the PM curriculum can be seen to be in line with [START_REF] Polya | How to Solve It[END_REF] interpretation of problem solving which involves engaging with real problems by guessing, discovering and trying to make sense of mathematics. It has also been likened to the Programme for International Student Assessment (PISA) which consists of theoretical underpinnings focus on everyday problems that often occur when interacting for example with a device that is unfamiliar for the first time (OECD, 2014). This could be seen to be in contrast with the previous focus of the Irish second level mathematics curriculum in which problem solving was more commonly described as 'an ideal of problem solving' [START_REF] Mcclure | Problem solving and the new curriculum[END_REF] where the focus is on solving a set of 'problems' using prescribed and practiced techniques [START_REF] Faulkner | Profiling mathematical procedural and problem-solving skills of undergraduate students following a new mathematics curriculum[END_REF]. Details of the diagnostic test that was developed, and informed by PM, are outlined in the methodology section which follows.

Methodology Measuring Problem Solving: The Diagnostic Test

A diagnostic test was developed to determine students' problem solving and procedural skills in mathematics on entry to adult and undergraduate education.

Diagnostic Test Design

Four mathematics educators from two higher education institutions in Ireland developed the paper based diagnostic test. The diagnostic test was designed with a focus on examining the basic mathematical skills of students beginning their studies who hoped to pursue degree programmes with an engineering/technology focus. Several controls were put in place to ensure that the test measured what it had set out to. Such controls included using the second level mathematics curriculum and its interpretation of what constitutes problem solving skills as a guide. The initial draft of the test was examined critically by five mathematics education specialists from different institutions around Ireland and the feedback was incorporated to improve the test prior to distribution.

Contents of the Diagnostic Test

The diagnostic test is broken down into two sections: Procedural questions (Section A) and problem solving questions (Section B). Both sections consist of 11 questions in total. Each question in section A of the test is paired with a question section B i.e., the paired questions require the same procedural skill(s) to successfully complete them with the section B questions also involving some real-world context. All of the section B questions were sourced from state examination papers that second level students take when completing their second level schooling in Ireland. It was thought that taking questions from the state examination papers allowed for the diagnostic test to directly mirror the second level curriculum's interpretation of what constitutes problem solving [START_REF] Faulkner | Profiling mathematical procedural and problem-solving skills of undergraduate students following a new mathematics curriculum[END_REF].

Data Analysis

The Statistical Package for Social Sciences (Version 22.0) was used to analyse and interpret the diagnostic test data. Independent samples t-tests were used to test for statistically significant differences between the mean performances of participants with different demographic backgrounds. Chi-squared tests were used to test for statistically significant associations between the qualitative variables. A 5% level of significance was used for all tests and no adjustment were made for multiple testing. It should be noted that the aim of the research was purely quantitative in nature, i.e. to determine and compare students procedural and problem solving skills in mathematics, rather than a more in depth investigation into students approaches to completing the diagnostic test questions.

Sample

Within this study 87 students undertook the test. Of these students 34.5% (30) were adult students from the Access Foundation Programme. These adult students were enrolled on an advanced mathematics module with the intention of pursuing a degree programme which has a technology/engineering focus. The advanced mathematics module contains content that mirrors that completed by second level students. 65.5% (57) were first year undergraduate students enrolled in an engineering programme. These two groups of students were chosen for comparison in this research as both were currently/intending to pursue a similar undergraduate discipline (engineering/technical focus) and it was of interest to the authors to determine and compare their mathematical skills and preparedness. It was also of interest to see if the traditional students coming from second level mathematics education were demonstrating equally as good problem solving skills as procedural skills in mathematics or did the adult students perform better than the traditional students and could this possibly be linked to skills previously learned in the workplace. It should be noted that all the Access Foundation Students with the except of 1 were male.

Results

Adult and engineering students were examined as one group initially and the results showed that students performed statistically significantly better in the section A (𝑥̅ = 57.2) than they did in section B of the test (𝑥̅ = 32.3) (p=0.00).

The data was then examined by analysing how the adult students' performance compared to the engineering students' performance. This analysis found that the adult students' performed to a statistically significantly lower standard when compared to the engineering students in both section A and section B of the diagnostic test (p=0.00).

Further analysis of the adult students found that they performed statistically significantly worse in section B (=18.7) of the diagnostic test when compared to section A (=43.1) (p<0.001). The same analysis was carried out for engineering students and found that they performed statistically significantly worse in section B (𝑥̅ =39.5) of the test when compared to section A (𝑥̅ = 64.6) (p <0.001).

Discussion

All students (adult and engineering) performed statistically significantly better in the procedural section of the diagnostic test (i.e., Section A) when compared to the problem solving section of the test (i.e., Section B). Therefore, the strengths and weaknesses of each group of students was found to be the same despite the adult students performing to a lower standard overall. The demographic of students that was most likely to perform better in all aspects of the diagnostic test were those who were enrolled on the engineering programme and were male and Irish. Despite this however this characterisation of student still performed statistically significantly worse in section B of the diagnostic test compared to section A. These findings highlight the apparent challenge that all student cohorts within this research have with applying what could be considered basic mathematical concepts to applied scenarios. The concepts required to answer the paired questions are the same. For example, Q5 in section A asks students to calculate the difference in area between a rectangle and a circle and the paired question in section B asks students to determine how much of a pool area (rectangular in shape) is taken up by a jacuzzi (circular in shape)

It is however acknowledged that there is a possibility of some intrinsic difference in difficulty level between the questions in each section of the test due to the problem solving questions requiring more processing to successfully complete the questions. This is certainly likely to be the case when the adult mathematics students are considered as they have not been exposed to a second level school system for a long period of time and if/when they did the teaching approach would have been very much focussed on chalk and talk teaching methodologies with little focus on context or problem solving. The finding is therefore of more note when the engineering students are considered as the teaching approaches that they have been exposed to in second level education in recent years (i.e., problem solving focussed) might be expected to negate or at least reduce the additional challenge that the problem solving questions may present [START_REF] Faulkner | Profiling mathematical procedural and problem-solving skills of undergraduate students following a new mathematics curriculum[END_REF]. When we consider the example of Q5 previously given in the context of the engineering students it raises questions about how traditional students are adapting to learning mathematics in second level education which is not solely based on procedural skills and involves some level of real world thinking and contextualisation. Research has indicated that engineers are graduating with good knowledge of fundamental engineering science and computer literacy but little ability to apply this in practice [START_REF] Mills | Engineering education-Is problem-based or project-based learning the answer[END_REF]. The suggested challenges faced by traditional students in undergraduate mathematics who have been exposed to problem solving teaching methodologies in second level education should be recognised by those in adult mathematics education wishing to employ such teaching methodologies.

As previously alluded to perhaps it is not as surprising that the adult learners do not perform as well as the traditional students predominately entering higher education directly from second level education. It is possible that literacy issues also play a key role in the challenge that the adult learners face. This has been found to be the case in related research into adult mathematics education (Prendergast et al., 2017). Although the anticipated challenge of literacy was considered and acknowledged in the development stages of Project Maths it was deemed a necessary challenge for those wishing to be successful in problem solving across all disciplines [START_REF] Foshay | Principles for teaching problem solving[END_REF][START_REF] Faulkner | Profiling mathematical procedural and problem-solving skills of undergraduate students following a new mathematics curriculum[END_REF].

So, what can we learn in terms of adult mathematics education? We know that those in adult mathematics education display similar patterns of challenges in terms of their procedural and problem solving skills as compared with traditional students however to a larger degree. We also know that adult learners despite this common initial underperformance and categorisation of being 'at risk' of failing mathematics often improve to a large degree due largely to engagement with mathematical support services [START_REF] Faulkner | Profiling mathematical procedural and problem-solving skills of undergraduate students following a new mathematics curriculum[END_REF]. The focus however for those in adult mathematics education is so often on remediation rather than on proactive measures to ensure best practice is in place for them for example via engaging in mathematics education with appropriately trained mathematics educationalists. A focus in adult mathematics education on problem solving skills in mathematics is needed for the same reasons that it is advocated and provided for in second level education. Adult mathematics education deserves at least the same level of teaching qualifications that those in primary and secondary education in Ireland have. There is a new phenomenon in educational research currently being examined relating to what have become known as out-of-field teachers of mathematics. These are teachers in second level education who are teaching mathematics but not suitably qualified to do so. Continuous professional development programmes are now being put in place to upskill such teachers (Hobbs & Törner, 2019). The norm is adult mathematics education is to have out-of-field teachers and no such measures have been put in place; this needs to become part of the national and international agenda.

Conclusion and Recommendations

Although initial studies into PM have indicated that students' problem solving skills may have improved in recent years [START_REF] Treacy | Trends in basic mathematical competencies of beginning undergraduates in Ireland, 2003-2013[END_REF] and that lecturers perceive students as being more open to engaging with unseen mathematics problems (Prendergast et al., 2017), this research highlights the comparatively weaker skills that those in adult mathematics education demonstrate in problem solving in mathematics compared to procedural skills in mathematics. This pattern of performance is mirrored amongst those in beginning undergraduate engineering programmes despite them coming directly from a second level mathematics education which has come to focus more on problem solving and teaching for understanding. Acknowledgement should be given to future work in this area taking into account the greater conceptual challenge faced by students when completing the problem solving questions and a more detailed marking scheme than right/wrong should be therefore be considered when analysing students' performance in this area.

The rationale behind the changes made to second level mathematics education is research based and changes/improvements in students' performances on entry to higher education may take time to become embedded. Attention must be given however to the relatively similar challenges evidently faced by adult mathematics students in problem solving and the lack of provision and investment in their mathematics curriculum and teacher training. Such disparity has been raised in this research paper and should be investigated further to provide a platform for improved future provision of adult mathematics education. The 'Adult numeracy: Assessment and development' policy outlines the significant numeracy challenges faced internationally and makes 3 recommendations one of which involves "investing in the development of national capacities to measure and improve adult numeracy" (Gal & UNESCO, 2020, p.3). This international and recent recommendation very clearly aligns with the research being outlined.

The Access Foundation Programme is a one year preparatory programme for students wishing to peruse an undergraduate programme at certificate or degree level in Ireland. The programme provides a root to education for students from communities which lack a strong tradition of participation in third level education.
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