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Some people develop math anxiety whenever they are confronted with tasks that require mathematical skills. Math anxiety influences learners and their performance negatively. Furthermore, the math anxiety of teachers has an impact on their students. Therefore, one challenge of elementary teacher education is preventing and reducing math anxiety, especially at the beginning of the teacher training program. In this study, we investigate the development of math anxiety in prospective elementary teachers in Germany during the first semester at university. We provide the first results regarding the influence of math anxiety on dropouts at the beginning of the teacher training program. Finally, we describe differences regarding the development of math anxiety of prospective elementary teachers at three universities.

Introduction

Research on math anxiety covers a large field of work with different directions and focuses [START_REF] Hembree | The Nature, Effects, and Relief of Mathematics Anxiety[END_REF][START_REF] Zhang | The Relationship Between Math Anxiety and Math Performance: A Meta-Analytic Investigation: A Meta-Analytic Investigation[END_REF]. Math anxiety is defined as "a feeling of tension and anxiety that interferes with the manipulation of numbers and the solving of mathematical problems in a wide variety of ordinary life and academic situations" [START_REF] Suinn | The Mathematics Anxiety Rating Scale, a brief version: psychometric data: Psychonometric data[END_REF][START_REF] Visscher | Measuring Mathematics Engagement Anxiety: New Dimensions of Math Anxiety in an RMARS[END_REF]. The math anxiety of a prospective teacher not only affects her/his performance at university [START_REF] Hembree | The Nature, Effects, and Relief of Mathematics Anxiety[END_REF][START_REF] Pekrun | The Control-Value Theory of Achievement Emotions[END_REF][START_REF] Zhang | The Relationship Between Math Anxiety and Math Performance: A Meta-Analytic Investigation: A Meta-Analytic Investigation[END_REF] but also as an elementary school teacher. Therefore, teachers' math anxiety affects learning situations [START_REF] Visscher | Measuring Mathematics Engagement Anxiety: New Dimensions of Math Anxiety in an RMARS[END_REF] and the performance of their students [START_REF] Beilock | Female teachers' math anxiety affects girls' math achievement[END_REF]. Whereas math anxiety and math teaching anxiety are two separate constructs, both are related [START_REF] Brown | Elementary pre-service teachers: Can they experience mathematics teaching anxiety without having mathematics anxiety? Issues in the Undergraduate Mathematics Preparation of School Teachers[END_REF]. Math anxiety can lead to anxiety about teaching mathematics [START_REF] Brown | Elementary pre-service teachers: Can they experience mathematics teaching anxiety without having mathematics anxiety? Issues in the Undergraduate Mathematics Preparation of School Teachers[END_REF][START_REF] Hadley | Investigating the Relationship between Elementary Teacher Mathematics Anxiety, Mathematics Instructional Practices, and Student Mathematics Achievement[END_REF][START_REF] Zhang | The Relationship Between Math Anxiety and Math Performance: A Meta-Analytic Investigation: A Meta-Analytic Investigation[END_REF]. Because of the influence of math anxiety on teaching, elementary teacher training in mathematics is a big challenge for universities. Particularly at the beginning of the teacher training program since first-year students often exhibit a transition shock [START_REF] Gueudet | Investigating the Secondary-Rertiary Transition[END_REF] which may increase the math anxiety.

Elementary teacher training in mathematics is supposed to substantially educate prospective elementary teachers and simultaneously prevent or even reduce their math anxiety. According to the definition, there are various dimensions of math anxiety, and the question arises which dimensions are crucial for elementary teachers. Based on the national curriculum in Germany, math education in elementary school is supposed to promote problem-solving, argumentation, and communication [START_REF] Kmk | Standards für Lehrerbildung: Bildungswissenschaften[END_REF]. Accordingly, elementary teacher education targets to qualify prospective teachers for problem-oriented teaching [START_REF] Eichler | Mathematik erleben um zu lernen: das Erkundungskonzept für die Vorlesung Arithmetik und Geometrie im Lehramtsstudium für die Grundschule. [An inquiry-based approach to teach Arithmetic and Geometrie for prospective elementary teacher[END_REF]. From this perspective, two dimensions of math anxiety are relevant for teacher training: problem-solving and explanation anxiety [START_REF] Visscher | Measuring Mathematics Engagement Anxiety: New Dimensions of Math Anxiety in an RMARS[END_REF]. Hence, we focus on the development of both dimensions in our study.

In Germany, there are specific training programs for elementary teachers. Mathematics is a compulsory subject in most of those programs, and prospective elementary teachers are obliged to attend courses in math education. In our study, we focus on the teacher education of prospective elementary teachers and analyze the development of their math anxiety in the first semester.

Aims and questions

The presented study targets to answer three questions on math anxiety of prospective elementary teachers. Based on the negative influence of math anxiety we investigate the transition from school to university by examining those in their first semester at three German universities. RQ1: Does the math anxiety of prospective elementary teachers change in the first semester? RQ2: Does the development of math anxiety of prospective elementary teachers differ at different universities in the first semester?

RQ3: Do prospective elementary teachers who dropped out of the math course show a different level of math anxiety at the beginning of the study than those who passed the course?

The third question refers to those prospective elementary teachers who filled out the questionnaire at the beginning of the semester but not at the end. We do not know the exact reasons for these dropouts, but we assume most of these prospective elementary teachers did not complete the math course in their first semester. The question arises if there is a different level of math anxiety at the beginning of the semester in prospective elementary teachers who completed the course and those who dropped out.

Methodology Instruments

For measuring math anxiety, it is relevant to use scales of math anxiety that align well with the kind of math we are asking teachers to teach mathematics in the classroom. Therefore, we collected data with the math anxiety scales from Visscher and White (2020) that include Likert scales for answers: "Not at all"; "A little"; "A fair amount"; "Much"; "Very much". Table 1 shows the original scales. For collecting data in German universities, we translated these scales into German. Table 1: Math anxiety items [START_REF] Visscher | Measuring Mathematics Engagement Anxiety: New Dimensions of Math Anxiety in an RMARS[END_REF]. 

Items pertaining to difficulty of problem 2

Being given a math problem that does not look like any problem you have seen before.

3 Being asked to solve a math problem when you are not sure which formulas to use.

4 Working on a math homework problem and not making any progress for 5 minutes.

5 Being assigned an extra-long math homework set.

Items pertaining to length of problem set 6 Beginning to work on a multi-page math worksheet.

Factor 2 -Explanation anxiety 7 When you are partway through figuring out a math problem, being asked to share your thinking with a classmate. Items involving internal doubt 8 Sharing your solution with a small group of classmates when you are not sure it is correct. 9 Explaining your attempt at a math problem to a classmate, even though you are not very convinced that it is right.

10 Describing to a small group of classmates how you went about a homework problem on which you received a perfect score.

Items involving external validation

11 After reaching an "aha!" moment on a problem on your math worksheet, being asked to explain your solution to a small group of classmates.

12 Being asked by a classmate to go through your correct solution more slowly.

13 Being asked to further justify why your mathematical solution is correct to a classmate who is not yet convinced.

Items involving external doubt

14 Having to convince a classmate that your different way of solving a math problem is equally valid.

15 Continuing to explain your mathematical solution, even though a classmate doubts it is correct.

Procedure

The study followed a pre-post design. Data collection took place in the winter semester 2019/2020 in math courses for prospective elementary teachers in their first semester (in the first and the twelfth lecture). We created a pseudonym for each participant to merge the paper-based questionnaires from the pre-and the post-test. Figure 1 shows the design and the differences between the three universities. 

Sample

We decided to include prospective elementary teachers from three universities with three different math courses for beginners. The sample comprises 583 prospective elementary teachers; 400 participated in both surveys (University 1: 183; University 2: 150; University 3: 67); 183 only participated in the first survey, and we assume these are dropouts.

Analysis

There are several missing values in this data set which we excluded. If values are not randomly missed, deletion of cases with missing values biased the data. Despite a non-significant Little-Test [START_REF] Little | A Test of Missing Completely at Random for Multivariate Data with Missing Values[END_REF]) (𝜒 2 =454,418, p = 0,251) for item-nonresponse data, we assume the data is biased because of several unit-nonresponse data. We compared the scores of math anxiety of dropouts (missing data at the second survey time) with the complete data sets. The goal was to disclose differences between both groups and detect whether math anxiety at the beginning of the term can increasingly lead to the termination of the math course.

To check the quality of the data on an empirical basis (because we translated the items into the German language), we perform factor analysis. The Kaiser-Meyer-Olkin measure was .823 and showed a relatively good factor analysis. Bartlett´s test of Sphericity was significant (p < .001), indicating that correlations between items were sufficiently large for performing factor analysis.

Based on the five dimensions of the scales of Visscher and White (2020), we used the maximum likelihood method and a varimax-rotated five-factor solution. Kaiser´s criteria and the scree-plot justified the extraction of five factors. One of the five factors has an eigenvalue just below 1; four factors have eigenvalues >1. In total, these five factors explain 55,91% of the total variance. Most of the items loaded highly on one factor. Only item 4 loaded on two of the five factors: comparably low on both. Therefore, it was excluded from the subscale about the difficulty of problems.

For reliability analysis, we calculated Cronbach's alpha to assess the internal consistency (Table 2): The first question was answered with a repeated measure t-test for contiguous samplings. To answer the second question, we use the data from prospective elementary teachers who participated in both surveys and perform a variance analysis with repeated measures. Regarding the third question, we assume all prospective elementary teachers who participated in both survey times completed the course regularly; all those who did not participate in the second survey terminated before the end of the semester. Therefore, we use the data of the first survey time and compare dropouts and prospective elementary teachers who complete the first semester in full. We consider this a limitation of our study since there are several reasons for not taking part in the post-test. Since the Levene-Test was not significant, we can assume variance homogeneity and perform the t-test for unpaired samples. Table 3 illustrates that the problem-solving anxiety decreased significantly over the first semester with weak Cohen's d effect sizes. Looking at the results of the problem-solving anxiety subscales, we see two opposing developments: a significant decrease within the difficulty of the problem but no significant development within the length of the problem set. The explanation anxiety decreased significantly over the semester, too. For the subscales, we can see that the internal and external doubts decreased highly significantly over the semester, while the external validation subscale barely reached statistical significance. The effect size of all significant developments of the subscales is weak, too. Therefore, we can speak of a weakly decreasing math anxiety in the first semester. 4 illustrates the differences in the development of math anxiety in prospective elementary teachers at several universities. While we found no statistical evidence of differences regarding the development of problem-solving and explanation anxiety among prospective elementary teachers from different universities and no differences in 4 of 5 subscales, we found significant differences in the development of the subscale difficulty of a problem. The Cohen's f effect size is .19, and therefore a weak effect. Bonferroni-adjusted post-hoc analysis revealed no significant difference between the universities in a pairwise comparison (University 1 vs University 2: -0.001, 95%-CI[-0.17, 0.17])

Results

(University 1 vs University 3: 0.127, 95%-CI [-0.0917, 0.35]) (University 2 vs University 3: 0.128, 95%-CI [-0.10, 0.35]). This determined the interaction effect, but the post-hoc test does not clarify which universities are different. Figure 2 illustrates that subscales about the difficulty of a problem increased at university two, whereas they decreased in universities one and three. For these differences in development, we did not find statistically significant results. However, the development of this subscale may not always be the same. In summary, results reveal no differences in problem-solving and explanation anxiety at the beginning of the semester of prospective elementary teachers who terminated and those who completed the math course (see Table 5).

Discussion

The results show that math anxiety decreased over the first semester, despite the transition shock [START_REF] Gueudet | Investigating the Secondary-Rertiary Transition[END_REF]. We conclude that math courses in the first semester can help to reduce the problemsolving and explanation anxiety of prospective elementary teachers. In addition, results suggest that the directions of the developments are similar. Regarding the development of explanation anxiety, first-semester training helps to reduce both internal and external doubts, but explanatory anxiety does not decrease significantly after external validation. To summarize, the first semester can have various impacts on problem-solving and explanatory anxiety. Teachers generally avoid situations in the classroom that could cause anxiety for themselves or their students [START_REF] Visscher | Measuring Mathematics Engagement Anxiety: New Dimensions of Math Anxiety in an RMARS[END_REF]. In this respect, our results are promising because lower problem-solving anxiety of teachers might lead to more problem-solving activities in school, and lower explanation anxiety might lead to more and better explanations in classrooms. Moreover, the transition between school and university, also called transition shock [START_REF] Gueudet | Investigating the Secondary-Rertiary Transition[END_REF], does not impair the math anxiety of the prospective elementary teachers at the three universities. In this respect, it is possible the transition is either not perceived as a shock or has been mitigated and does not affect the math anxiety of prospective elementary teachers. However, reducing math anxiety in the first semester is desirable since it may indirectly support problem-oriented teaching.

We predominately see similar patterns in the development of problem-solving and explanation anxiety at the three universities. All three math courses similarly influence the problem-solving and explanation anxiety, despite the differences in content, learning concept, structure, lecturer, and participants. There is only a significant difference with a weak effect in the subscale of the problemsolving anxiety regarding the aspect difficulty of a problem.

In general, our results suggest the math course during the first semester influences the development of math anxiety in prospective elementary teachers, and it is possible to reduce math anxiety in this period. Due to the design of our study, the results only allow general statements about the development of math anxiety of prospective teachers, but no conclusion regarding the impact of a specific approach. However, the significant differences in the subscale "difficulty of a problem" might indicate that the different concepts of the math courses (see Figure 1) influence prospective elementary teachers' development of math anxiety differently. Since math anxiety can lead to anxiety to teach mathematics [START_REF] Brown | Elementary pre-service teachers: Can they experience mathematics teaching anxiety without having mathematics anxiety? Issues in the Undergraduate Mathematics Preparation of School Teachers[END_REF][START_REF] Hadley | Investigating the Relationship between Elementary Teacher Mathematics Anxiety, Mathematics Instructional Practices, and Student Mathematics Achievement[END_REF][START_REF] Zhang | The Relationship Between Math Anxiety and Math Performance: A Meta-Analytic Investigation: A Meta-Analytic Investigation[END_REF], there is further research required to get detailed information about the effect of specific teaching approaches for university math courses.

Finally, the problem-solving and the explanation anxiety at the beginning of the math course has no influence on the progression during the first semester. Our results suggest the degree of math anxiety prospective elementary teachers exhibit at the beginning of the teacher training program is no crucial factor for passing the math course. Instead, the development of math anxiety within the first semester might have a higher impact on dropouts. However, based on our results, we only can draft this assumption but not empirically prove it. We do not know whether the participants who missed the second survey were dropouts or had other reasons, such as illness, individual problems, other appointments, delays, or refusal to answer the questions. This missing knowledge is a limitation of our study. To investigate the influence of math anxiety on dropouts, we need a study design for future research that measures math anxiety several times: at the beginning, in the middle, at the end of the semester, and one measure parallel to the final assessment. Possibly, this allows us to conclude the development of math anxiety and its influence on dropouts.

Figure 1 :

 1 Figure 1: Design of the study and university differences
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 2 Figure 2: Problem-solving changes regarding the difficulty of a problem

Table 1 : Items of math anxiety constructs Factor 1 -Problem-solving anxiety 1

 1 

Working on a math problem for which you are not sure where to start.

Table 2 : Internal consistency of the math anxiety scales Problem solving anxiety Explanation anxiety

 2 

		Whole	Difficulty	Length of	Whole	internal	external	external
		scale	of problem	problem set	scale	doubt	validation	doubt
	First survey Time	.80	.79	.75	.83	.84	.68	.78
	Second survey time	.85	.82	.82	.87	.82	.70	.82

Table 3 : Development of math anxiety

 3 

		df	t(df)	p	Cohen´s d
	Problem solving anxiety	399	-2.82	.005**	0.14
	Difficulty of problem	399	-2.10	.036*	0.11
	Length of problem set	399	-1.53	.127	
	Explanation anxiety	399	-3.94	< .001**	0.20
	internal doubt	399	-3.02	.003**	0.15
	external validation	399	-1.93	.054	
	external doubt	399	-3.84	< .001**	0.19

Table 4 : Differences in the development of math anxiety

 4 

		df	F	p	partial η²	Cohen´s f
	Problem solving anxiety	2; 397	2.40	.092*		
	Difficulty of problem	2; 397	7.47	.010*	.036	.19
	Length of problem set	2; 397	.21	.809*		
	Explanation anxiety	2; 397	.01	.986*		
	internal doubt	2; 397	.31	.388*		
	external validation	2; 397	.05	.952*		
	external doubt	2; 397	.81	.443*		
	Table					

Table 5 : Dropouts

 5 

		Mean difference	df	t(df)	p
	Problem solving anxiety	.013 95%-CI [-0.10, 0.13]	581	.22	.829
	Difficulty of problem	-.025 95%-CI [-0.16, 0.10]	581	.39	.699
	Length of problem set	.028 95%-CI [-0.13, 0.18]	581	-.35	.723
	Explanation anxiety	.003 95%-CI [-0.09, 0.09]	581	.07	.947
	internal doubt	-.047 95%-CI [-0.19, 0.10]	581	-.65	.515
	external validation	.018 95%-CI [-0.06, 0.10]	581	.44	.661
	external doubt	.021 95%-CI [-0.09, 0.13]	581	.36	.721
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