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), and open-ended questionnaires completed while attempting mathematical problems.

Background

The teacher plays a critical role in students' learning: "teachers are among the most powerful influences in learning" (Hattie, 2012, p.18). Looking specifically at mathematics, [START_REF] Adler | Reflections on an Emerging Field: Researching Mathematics Teacher Education[END_REF] highlight that due to the increase in the awareness of mathematics as an important life skill, there is a need for quality teaching of mathematics. They claim that high-quality teaching of mathematics is not only important where mathematics is a specialised subject, but where it is a general requirement. In response to this demand, teacher preparation and teacher education programmes are vital [START_REF] Adler | Reflections on an Emerging Field: Researching Mathematics Teacher Education[END_REF]. Teacher education programmes are viewed as a critical stage in teachers' development (Teaching Council of Ireland, 2017), during which prospective teachers' beliefs regarding teaching and learning should be considered and challenged: teachers bring these beliefs forward into their professional practice (Teaching Council of Ireland, 2017).

Internationally, problem-solving holds a key position in mathematics curricula. Problem-solving is explicitly assessed in the PISA assessment of Student Performance in Mathematics, whereby there are six levels of problem-solving proficiency that students' problem-solving skills and competencies can be described [START_REF] Perkins | Problem Solving in PISA: The Results of 15-year-olds on the Computer-based Assessment of Problem Solving in PISA[END_REF]. This reflects that (at least for OECD countries) there is effectively world-wide consensus that problem-solving is an important part of the curriculum. While problem-solving is now part of this curriculum in many countries, the teachers' views on problemsolving affect the way problem-solving is conducted in the classroom [START_REF] Lester | Thoughts About Research On Mathematical Problem-Solving Instruction[END_REF].

To identify what capacities teachers need to teach problem-solving effectively, [START_REF] Chapman | Mathematics teachers' knowledge for teaching problem solving[END_REF] conducted an extensive review of the literature with research articles dating from 1920 to 2015. [START_REF] Chapman | Mathematics teachers' knowledge for teaching problem solving[END_REF] identifies that teachers need to have knowledge of teaching problem-solving, and not just problem-solving abilities in order to teach problem-solving effectively. From this review of the literature, Chapman states that there are three main categories that make up the mathematical problem-solving knowledge for teaching. These components are: 1) Problem-solving content knowledge (PSCK), 2) Pedagogical problem-solving knowledge (PPSK), and 3) Affective factors and beliefs. These capacities provide the framework for the overall study that this project is situated in.

The study

This research aimed to investigate pre-service post-primary mathematics teachers (PSMTs) to effectively beliefs about problem-solving. The development of a university module which focused on mathematical problem-solving was at the centre of this study. Participants undertaking this module as part of their university programme, would graduate as qualified teachers of post-primary mathematics in Ireland. The components outlined by [START_REF] Chapman | Mathematics teachers' knowledge for teaching problem solving[END_REF] formed the basis of the university module. This research is situated in a larger research project which focuses on investigating and developing PSMTs' capacities in relation to: Knowledge of problems, Knowledge of problemsolving, Knowledge of problem posing, and Affective Factors and Beliefs [START_REF] Owens | An investigation into pre-service post-primary mathematics teachers' knowledge of problem-solving[END_REF]. This paper will discuss the affective factors component of the overall study.

The teaching of problem solving does not simply rely on the techniques employed but it "comes from the identity and integrity of the teacher" (Palmer, 1998, p. 149) meaning "we teach who we are" (p.2). The beliefs of teachers have a direct influence on the beliefs of their students because when many students are confronted with a mathematics problem, they have low motivation to work through the problem and depend on extrinsic motivation (Marcou & Philippou, 2005) which primarily comes from the teacher. [START_REF] Schoenfeld | Theoretical and Pragmatic Issues in the Design of Mathematical "Problem-Solving[END_REF] highlighted that beliefs affect students' behaviour when attempting mathematical problems. Furthermore, he outlines that the cognitive resources available to students when learning are categorically related to the students' beliefs around what they consider useful in learning maths. If the beliefs deter rather than promote understanding, a large segment of stored information is made inaccessible to the individual (Schoenfeld,1983). The intertwined relationship between knowledge and beliefs is subjective in nature [START_REF] Philipp | Mathematics teachers' beliefs and affect[END_REF]. Knowledge and beliefs are influential in problem-solving achievement, since beliefs combine their subjective knowledge about self, mathematics in general, and more specific mathematical topics (Lester & Kroll, 1993). [START_REF] Philipp | Mathematics teachers' beliefs and affect[END_REF] suggests that if degree programmes that prospective teachers undertake are to develop mathematical proficiency then productive disposition must be included to ensure that graduates will create a positive mathematical learning environment for their students.

Methods

The methodology used in this study is a mixed methods approach, as there is a combination of both qualitative and quantitative methods in the collection of data [START_REF] Creswell | Educational research: Planning, conducting, and evaluating quantitative and qualitative research[END_REF]. The participants in this study were PSMTs who were undertaking initial teacher education programmes and were recruited on a voluntary basis. On completion of their programmes of study, the PSMTs would be qualified to teach mathematics at post-primary level. The study was conducted over four years, meaning four cohorts of PSMTs (n=151) were involved in the study. To investigate the beliefs and affective factors of the PSMTs, two instruments were used. The Indiana Mathematics Beliefs scale (IMB) [START_REF] Kloosterman | Measuring Beliefs About Mathematical Problem Solving[END_REF] provides the quantitative element of this research question. A brief description of each scale, as described by [START_REF] Kloosterman | Measuring Beliefs About Mathematical Problem Solving[END_REF], is now provided in Table 1. Steps This scale references the use of procedural skills and formulae to solve problems.

Understanding

This scale measures the level to which the respondent believes in the importance of understanding mathematical concepts.

Word Problems

This scale involves investigating the respondents' beliefs about the importance of word problems.

Effort

This scale is used to provide an insight into the respondents' attitude towards their ability to improve their mathematical skills by putting in effort.

Of the thirty items in the IMB instrument, twelve questions have a negative valence and eighteen have a positive valence. In tabulating the results, the scales are reversed (where necessary) so that in every case, a higher mark corresponds to a more positive disposition. Each item was graded using a Likert-scale fashion; 1 = strongly disagree, 2 = disagree, 3 = undecided, 4 = agree, 5 = strongly. This was done at three different points during the module while participants worked on three different mathematical problems. The PSMTs had two hours to attempt the problem and open-ended affective questions with a two-week interval between each attempt. The responses to the qualitative question were analysed using a general inductive approach [START_REF] Thomas | A General Inductive Approach for Analyzing Qualitative Evaluation Data[END_REF] which involved iterative reading of the data leading to the identification and definition of categories. Analysis of students' comments relating to the start and the middle of the generated the following categories: neutral, negative, positive, both positive and negative. Analysis of the end of the problem resulted in the following categories being identified: answer positive, answer negative, process positive, process negative, negative answer but positive process, both answer and process positive, and both answer and process negative. The term 'positive' refers to statements of a positive disposition, the term 'negative' refers to statements of a negative disposition, and the term 'neutral' refers to statements which are neither positive nor negative.

Results

The mean scores for each of the IMB scales for the four cohorts are displayed in the table below. The combined results of the four cohorts of the IMB showed that the scale with the highest mean score was Effort with a score of 24.85/30. This scale had the highest mean score in Cohorts 1, 2, and 4 and was second highest in Cohort 3. The scale which had the lowest overall mean was Steps with a score of 16.645/30. This scale had the lowest mean score in each of the four cohorts of participants. Difficult Problems had a particularly low mean in Cohort 4.

From the general inductive analysis of the qualitative data, the following categorisations of the respondents at the three different stages of the problem were identified. Each category, including examples of respondents' statements, will now be discussed. SP1 indicates the start of Problem One, MP1 indicates the middle of Problem One, and EP1 indicates the end of Problem One. This notation is also used for Problem Two and Problem Three. Missing values are present due to respondents not differentiating between the relevant stage of the problem-solving attempt. 

Discussion

The PSMTs' responses at SP1 and SP3 showed that there was a higher level of positivity than negativity. The number of positive statements was comparable to the number of respondents categorised as positive meaning that it was not the case that few PSMTs made a lot of positive statements. This is a positive finding as PSMTs stated feelings such as; Confidence, Excitement, and Optimism. These positive feelings align with those identified by [START_REF] Lewis | Emotions and problem solving by prospective primary school teachers[END_REF] who found that there was an association between positive feelings expressed at the start and the perception of the task being easy to solve and can act as motivation to engage in a task [START_REF] Debellis | Affect and Meta-Affect in Mathematical Problem Solving: A Representational Perspective[END_REF].

The analysis of the statements made during the EP phase showed that the majority of statements related to achieving or not achieving an answer. The PSMTs specifically referred to finding 'an answer' to the question rather than achieving a full, rich solution. From the 150 responses regarding the end of each of the three problems, 84/150 referred to achieving or not achieving an 'answer'. Of these 84 responses, 18 were of a positive nature such as PSMTs stating; happiness, satisfaction in reaching a solution. There was a greater number of negative statements with 31 negative comments in relation to not being able to achieve an answer. The negative statements included; frustration, and dissatisfaction, at not achieving a solution. The correspondence between failure to reach a solution and negative emotions is common [START_REF] Mcleod | Affective Issues in Mathematical Problem Solving: Some Theoretical Considerations[END_REF]. [START_REF] Mcleod | Affective Issues in Mathematical Problem Solving: Some Theoretical Considerations[END_REF] highlights that the reaction to positive emotions upon reaching a solution can indicate completion of the problem and deter the person in reviewing their work and finding alternative methods for verification.

It is evident that the PSMTs expressed positive emotions mostly in relation to making progress and achieving an answer. This corresponds to the findings of a study conducted by Lewis (2017, p.4) who states that 'making progress and getting right answers are seen as a vital condition of satisfaction'. However, it is important to note that there were cases where PSMTs displayed positive emotions in relation to their problem-solving process. This included PSMTs referring to satisfaction with their approach and working to the best of their ability. When focusing on the number of PSMTs who commented on their approach, there was greater evidence of a positive disposition to the process rather than a negative one. Forty out of the 150 respondents referred to the problem-solving process, with just four of these 40 responses reporting negative feelings towards their problem-solving process. On the other hand, 44 out of 150 responses reported negative feelings toward achieving an answer. As stated by [START_REF] Mcleod | Affective Issues in Mathematical Problem Solving: Some Theoretical Considerations[END_REF] it is usual for negative emotions to be consistent with failing to reach a solution.

From the results of the IMB the scale, Understanding had the second highest overall mean with a score of 20.61/30 demonstrating that there is a greater value placed on understanding a mathematical concept rather than on achieving a correct answer. This involves the understanding of why an answer is correct and how a procedure works [START_REF] Kloosterman | Measuring Beliefs About Mathematical Problem Solving[END_REF]. This contrasts with the results of the qualitative data which showed that there was a greater focus on achieving an answer than on the process. A potential reason for this could be that the PSMTs were influenced by their experience of post-primary mathematics exams wherein there is a strong focus on achieving the correct answer [START_REF] Prendergast | Investigating secondary students' beliefs about mathematical problem-solving[END_REF].

It was encouraging to find that Effort had a relatively high mean score across each of the cohorts and had the highest mean score overall (24.85/30). This is indicative of a growth mindset amongst the PSTMs through demonstrating the belief that working hard can impact mathematical ability and attainment (Dweck, 2008;[START_REF] Kloosterman | Measuring Beliefs About Mathematical Problem Solving[END_REF]. Amid other benefits of a growth mindset, one such advantage is reacting more positively to setbacks than those with a fixed mindset (Dweck, 2008, p. 4). However, in the responses to the open-ended affective questions it was evident that just 11 of the 49 statements referring to the feelings experienced while Stuck were of a positive nature. This demonstrates that some of the PSMTs had a positive attitude towards overcoming difficulties in their problem-solving attempt -which is imperative to building confidence for future situations [START_REF] Mason | Thinking mathematically[END_REF]. However, there was double the number of negative responses than positive. In particular, frustration was the most common response, which aligns with the work of [START_REF] Mcleod | Affective Issues in Mathematical Problem Solving: Some Theoretical Considerations[END_REF]. [START_REF] Mcleod | Affective Issues in Mathematical Problem Solving: Some Theoretical Considerations[END_REF] highlights that negative reactions to getting stuck can cause a person to quit, which is an area of concern given the majority of PSMTs' responses to being stuck were negative. While negative beliefs can impede a person's ability to access knowledge [START_REF] Schoenfeld | Theoretical and Pragmatic Issues in the Design of Mathematical "Problem-Solving[END_REF], frustration can lead to two different outcomes. Frustration can cause a problem-solver to change their approach which can ultimately be a positive outcome towards achieving the goal of the problem [START_REF] Debellis | Affect and Meta-Affect in Mathematical Problem Solving: A Representational Perspective[END_REF]. However, frustration can also develop into anxiety which can lead to avoidance in continuation with the problem [START_REF] Debellis | Affect and Meta-Affect in Mathematical Problem Solving: A Representational Perspective[END_REF]. This does not mean that these PSMTs necessarily have a fixed mindset but an awareness of the negative emotion that is common when stuck can help the problem solver control and overcome the emotion [START_REF] Mcleod | Affective Issues in Mathematical Problem Solving: Some Theoretical Considerations[END_REF].

The issue of time was apparent in the PSMTs' responses to the open-ended affective questions. In these responses the PSMTs expressed positive emotions towards running out of time from the view that they would have furthered their attempt if they had more time. In all of the references to time, the PSMTs stated that they felt that they could have progressed if they had more time, implying that they were willing to persist with time-consuming problems. However, this interpretation is at variance with the low mean score of Cohort 4 in the Difficult scale of the IMB. A low mean score in this scale indicates that Cohort 4 have a negative perception about their ability to solve time consuming problems [START_REF] Kloosterman | Measuring Beliefs About Mathematical Problem Solving[END_REF]. This suggests that PSMTs consider time consuming problems to be impossible to solve. However, looking at the qualitative data it is noticeable that there are exceptions within this cohort whereby they did not display a negative disposition to time consuming problems while they undertook the problem.

Conclusion

The results suggest that there may be a stronger negative association with not achieving an answer than there is with the problem-solving process. Similarly, the number of participants that referred to the problem-solving process declined between each of the problems. Simultaneously, there was an increase in the number of participants who referred to achieving or not achieving an answer. It is evident that there is a disparity between what the PSMT report that they believe they should say rather than their actual behaviours. [START_REF] Lerman | Developing Theories of Mathematics Education Research: The ESM Story[END_REF] outlines that there is a gap between what people say they do and what they actually do in practice. This gap between theory and practice appears to be a 'global phenomenon' [START_REF] Maben | The theory-practice gap: Impact of professionalbureaucratic work conflict on newly-qualified nurses[END_REF], meaning that it is not specific to the PSMTs in this situation. An understanding as to why this gap is present may be ascertained through further research through the lens of the Theory of Planned Behavior [START_REF] Ajzen | The theory of planned behavior[END_REF] where intended behaviours versus contributing factors to actual behaviours can be explored.

Table 1 : Description of the scales in the IMB (Kloosterman & Stage, 1992)

 1 

	Scale title	Scale description
	Difficult Problems	This involves a persons' perception of their ability to solve time-consuming problems.

Table 2 : Results of the IMB

 2 

		Cohort 1	Cohort 2	Cohort 3	Cohort 4	Total	
		(n=30)	(n=44)	(n=30)	(n=47)	(n=151)	Overall mean
	Difficult Problems	22.9	22.7	17.1	13.4	76.1	19.025
	Steps	17.2	16.6	16.8	16.0	66.6	16.65
	Understanding	20.9	21.5	19.4	20.7	82.5	20.625
	Word Problems	19.2	19.3	14.3	20.5	73.3	18.325
	Effort	26.7	27.0	25.5	19.9	99.1	24.775

Table 3 : Results of the categorisation of the open-ended affective responses

 3 

	Classification	SP 1 MP 1 EP 1 SP 2	MP 2 EP 2 SP 3 MP 3 EP 3 Total
	Neutral	10	4	2	6	3	3	4	11	1	44
	Negative	16	12	4	14	15	2	11	14	2	90
	Positive	16	16	3	11	8	1	20	9	0	84
	Both Positive and Negative	1	9	1	1	6	1	5	6	0	30