Christiane Büdenbender-Kuklinski 
  
Reinhard Hochmuth 
  
Michael Liebendörfer² 
  
  
Relevance attributions to contents in mathematics teacher education

Keywords: relevance attributions, mathematics teacher education, insecurity, beginning of university studies, value construct

. In this paper, we focus on students' relevance attributions to explicitly asked-for contents and students' own ideas of relevant contents. Our results suggest that lacking relevance attributions might be linked to lacking criteria of relevance in university mathematics studies, to lacking recognition of connections between university mathematics and the later teaching profession and to students' insecurities. Based on our results we formulate hypotheses to guide future research into mechanisms behind mathematics teaching students' relevance attributions.

DISSATISFACTION AND LACKING RELEVANCE

It is internationally common that mathematics teaching students at the beginning of their studies take courses in advanced mathematics taught by mathematicians [START_REF] Even | The relevance of advanced mathematics studies to expertise in secondary school mathematics teaching: Practitioners' views[END_REF]. There is evidence for students' high dissatisfaction with these courses, linked to their feelings of being unprepared for mathematics at university [START_REF] Goulding | Undergraduate mathematics experience: Its significance in secondary mathematics teacher preparation[END_REF]. Often, future mathematics teachers do not see links between the mathematics they learn at university and the content they will teach at school [START_REF] Zazkis | Advanced mathematical knowledge in teaching practice: Perceptions of secondary mathematics teachers[END_REF].

Mathematics teaching students' high dissatisfaction is also a problem in Germany as it may lead to dropping out of university [START_REF] Geisler | Bleiben oder Gehen? Eine empirische Untersuchung von Bedingungsfaktoren und Motiven für frühen Studienabbruch und Fachwechsel in Mathematik[END_REF] and dropout rates are as high as 58% [START_REF] Heublein | Die Entwicklung der Studien-abbruchquoten in Deutschland[END_REF]. Student dropout frequently occurs at the beginning of university studies [START_REF] Geisler | Bleiben oder Gehen? Eine empirische Untersuchung von Bedingungsfaktoren und Motiven für frühen Studienabbruch und Fachwechsel in Mathematik[END_REF] and mathematics teaching students particularly often consider dropping out of university [START_REF] Blömeke | Ausbildungs-und Berufserfolg im Lehramtsstudium im Vergleich zum Diplom-Studium -Zur prognostischen Validität kognitiver und psychomotivationaler Auswahlkriterien[END_REF]. As some of the dissatisfied students criticize a lack of relevance [START_REF] Scharlach | Vorstellungen von Lehramtsstudierenden zur Mathematik[END_REF], we explored students' relevance attributions to better understand the high dropout rates. Such knowledge could help in improving the communication about study programs and optimization possibilities between students and university officials. It might, for example, hint at relevance attributions' connections to contents' transferability to school teaching or school mathematics. Current support measures assume that presenting references between school and university mathematics support higher relevance attributions by mathematics teaching students (e.g., [START_REF] Eichler | Disagreements between mathematics at university level and school mathematics in secondary teacher education[END_REF].

EVIDENCE FOR LACKING RELEVANCE ATTRIBUTIONS

Several conceptualizations for relevance connect relevance to value constructs. For example, [START_REF] Vollstedt | Sinnkonstruktion und Mathematiklernen in Deutschland und Hongkong[END_REF] relates personal relevance to the concept of value and [START_REF] Neuhaus | Hochschulmathematik in einem Lehramtsstudium: Wie begründen Studierende deren Relevanz und wie kann die Wahrnehmung der Relevanz gefördert werden[END_REF] use the concepts of utility and relevance synonymously where utility is a value component according to Expectancy-Value Theory [START_REF] Barron | Expectancy-value-cost model of motivation[END_REF]. Value describes a person-object relationship and while originally the Expectancy-Value theory focused on the value of achievement tasks [START_REF] Wigfield | Expectancy-value theory of achievement motivation: A developmental perspective[END_REF], the object of value can be manifold, for example it could be mathematics contents ordered by topic area or complexity level. In this paper, we consider relevance as a value construct and explore what kinds of content beginning mathematics teaching students would ascribe such value to.

Earlier findings concerning the dissatisfaction of mathematics majors suggest that students criticize a lack of applicability of the study contents. Mathematics teaching students seem even more dissatisfied with their studies than mathematics majors [START_REF] Brown | Full report of research activities and results: Students' experiences of undergraduate mathematics[END_REF]. In Germany, in the first semesters, teaching students and major students attend mathematics lectures together. These introductory lectures mainly treat topics of linear algebra and calculus. Applicability for first-semester mathematics teaching students would mean a connection to school mathematics and knowledge about didactical approaches concerning school mathematics. Hence, higher relevance attributions might be connected to a recognition of contents' applicability for school. As mathematics teaching students moreover criticize that the complexity in which contents are presented is too high [START_REF] Göller | Selbstreguliertes Lernen im Mathematikstudium[END_REF], they furthermore might ascribe more relevance to contents that are rather basic than complex.

MODELLING POSSIBLY RELEVANT CONTENT

We model contents mathematics teaching students might find relevant based on a conceptualization introduced by leading German mathematical associations [START_REF] Dmv | Standards für die Lehrerbildung im Fach Mathematik-Empfehlungen von DMV, GDM, MNU[END_REF]. It concerns study contents that should be mastered by mathematics teaching students by the end of their university studies. Of course, catalogues of contents are in themselves often controversial, but we chose this conceptualization as the authoring associations have an important standing in German educational policies. We focus on recommendations for the subject areas of arithmetics/ algebra, geometry, linear algebra, and calculus. The competencies in each subject area are subdivided into four different levels that differ "according to content expansion, conceptual elaboration and degree of abstraction and formalization" (own translation, DMV et al., 2008, p. 2). These complexity levels become more complex from Level 4 to Level 1 and each subsequent level assumes all competencies of previous levels. Level 4 includes the basic competencies of any teacher, regardless of the grade level they teach, and Level 1 includes competencies that a teacher teaching at the upper secondary level should still possess. Except for linear algebra, where competencies are described for Levels 3 through 1 only, competencies are described on all four levels for each subject area [START_REF] Dmv | Standards für die Lehrerbildung im Fach Mathematik-Empfehlungen von DMV, GDM, MNU[END_REF]. Based on the lists for each subject area, we modelled potentially relevant content of the mathematics teaching degree program. This model of relevance content on the one hand comprises the dimension of subject areas and on the other hand the dimension of complexity levels. There are four different subject areas whose contents' relevance we researched. The contents were furthermore differentiated according to degree of abstraction and formalization. We illustrate the nature of the levels in the section "Methods" with example items. Based on this model, we explored how relevant students find contents that educational policies ascribe relevance to.

Of course, this model only covers a selection of university mathematics content that experts deem relevant for mathematics teaching students and there might be other contents students themselves find relevant. To find out which contents students name as relevant spontaneously, we asked students to name contents they themselves find relevant.

RESEARCH QUESTIONS

Given mathematics teaching students' dissatisfaction and criticism of lacking relevance, we constructed a model of possibly relevant study contents. In the following empirical part, we first explore to what extent these contents do indeed seem important to students. We explored the relevance ascribed to contents of different subject areas and of different levels of complexity as suggested by the model.

Research question 1: How important do mathematics teaching students consider contents of different subject areas to be?

Research question 2: How important do mathematics teaching students consider contents of different complexity to be?

In addition, we examined which topics are mentioned by students when asked to name relevant things in their studies.

Research question 3: What topics do teaching students themselves identify as relevant in their mathematics studies?

METHODS

Sample and research design

To answer the research questions, we conducted a longitudinal quantitative study with two paper-pencil surveys. In the first survey, 162 students participated, 78 of whom were female, and in the second questionnaire survey, again 162 students participated, 91 of whom were female. The two groups were overlapping, 109 participants took part in both surveys. Participation was voluntary and anonymous. The first survey took place in the second week of lectures of the winter semester 2018/ 19 in a course for first semester mathematics teaching students and the second survey in the penultimate week of lectures of the same semester in the same course.

Measurement instruments

For research questions 1 and 2, we developed a measurement instrument based on our model of relevance content. We created items that asked students to rate the importance of the content of various subject areas of different complexity on 6-point Likert scales.

These items' wordings cover all four complexity levels for all subject areas but linear algebra where items cover levels 3 through 1. They are very close to the formulations in the underlying conceptualization [START_REF] Dmv | Standards für die Lehrerbildung im Fach Mathematik-Empfehlungen von DMV, GDM, MNU[END_REF]. Table 1 provides exemplary items for all four complexity levels for the subject area of arithmetics/ algebra. To answer the third research question, we applied an open-ended question: "Are there any other study contents that are particularly relevant to you? If so, which ones?"

In my mathematics studies it is important to me that ... 

Analysis

We conducted a mean value analysis and pairwise, two-sided t-tests with a significance level of 5% to answer the first two research questions. To answer the third research question, the answers to the open-ended question were evaluated using qualitative content analysis [START_REF] Mayring | Qualitative Content Analysis: Theoretical Background and Procedures[END_REF]. Based on the question "Which topics are mentioned in the open item?", we inductively formed categories. In a preliminary analysis of the relevance attributions to the subject areas and complexity levels, we found that there were high variations in the numbers of students that had evaluated the relevance of different subject areas and complexity levels. In the mean value analysis of the importance of the four subject areas (cf. Table 2) all mean values at both survey times were above the scale's mean and standard deviations were similar. Noticeably fewer students gave an assessment of the importance of geometry than of the other subject areas.

RESULTS

Preliminary analysis

Survey

In the mean value analysis of the importance of the four complexity levels (cf. Table 3), all averaged relevance attributions were above the scale's theoretical mean, as well.

Standard deviations of the variables increased with increasing complexities of the levels. Fewer students assessed the importance of more complex content. 

Survey

Results concerning research question 1

We found little difference between the relevance attributions for the different subject areas (cf. The only statistically significant mean differences were those between T1 relevance attributions to geometry and linear algebra, as well as geometry and calculus, and between T2 relevance attributions to geometry and calculus. While relevance attributions for all four subject areas were somewhat lower in the second survey, none of the mean differences was significant on a 5% level.

Results concerning research question 2

Less relevance was attributed to more complex content: Mean differences between relevance attributions to Level 1 content and content on all other levels at both survey points were statistically significant (cf. Table 5). From the first to second survey, relevance attributions concerning the complexity levels tended to decrease but only the mean difference between relevance attributions to Level 2 content at T1 and T2 was significant on a 5% level. 

Results concerning research question 3

In responding to the open-ended question, students frequently stated that it seemed relevant to them to cover school mathematics content and mathematics didactics topics.

Relevance was seen in addressing questions about the design of mathematics instruction and in addressing application references of mathematics. We found the categories "school mathematics/ mathematics relevant for school" (coded 5 times for T1, 5 times for T2), "didactics of mathematics" (coded 5 times for T1, 3 times for T2), "questions concerning the design of mathematics classes" (coded twice for T1, twice for T2), "applications of mathematics" (coded twice for T2), "mathematical topics" (coded twice for T2) and "history of mathematics" (coded once for T2). Most of these aspects have a strong connection to school and to school mathematics. Moreover, students made many more statements about what they found generally relevant in the teacher training program (e.g., didactics, psychology, internships) than about what was relevant in the mathematics program. For example, students would say "The study program should prepare us much more pedagogically". Many students mentioned they would ascribe more relevance if their studies showed them that the teaching profession was right for them ("Above all, I think that we, as teaching students, should have more didactics and also internships, so that you know exactly whether the teaching profession is right for you"). Criticism was also named frequently (for example, about studying together with mathematics major students -"Prospective teachers should not have to study with the mono-maths students!"). All categories are presented in the first author's dissertation project [START_REF] Büdenbender-Kuklinski | Die Relevanz ihres Mathematikstudiums aus Sicht von Lehramtsstudierenden[END_REF].

DISCUSSION

In this paper, we dealt with three research questions. In an exploration of how important students consider given subject areas, the mean value analysis indicated rather high relevance attributions to all four subject areas. Hence, students of mathematics teaching already seem to assess much of the content of their studies as relevant. There were less students who gave an assessment of the relevance of geometry. In a second mean value analysis, we explored how important students consider contents modelled on different complexity levels. Again, the students surveyed tended to attribute a high degree of relevance to the content of the various complexity levels though there seemed to be greater agreement about the relevance of less complex content which was seen as more relevant than more complex content. Our results also indicated that students ascribed less relevance at the end of their first semester than at the beginning. Analyzing an open-ended item to answer our third research question, we found that students named contents as relevant that were closely connected to school. We also found that some students connected a higher relevance to a personal feeling of security about their career choice. Finally, our analyses suggested that students rather criticized frame conditions of their studies than name relevant content.

Results hinting at rather high relevance attributions contrarily to earlier findings

That students found contents of various subject areas and complexity levels relevant matches findings by [START_REF] Bergau | Erwartungen von Studierenden an das Lehramtsstudium[END_REF]. They also found that teaching students wanted to acquire broad subject knowledge, which the students believed should go beyond the school subject matter. The often-described negative attitudes toward mathematics and the study of mathematics (e.g., [START_REF] Brown | Full report of research activities and results: Students' experiences of undergraduate mathematics[END_REF][START_REF] Scharlach | Vorstellungen von Lehramtsstudierenden zur Mathematik[END_REF] do not seem to be confirmed here. Maybe the negative attitude does not concern the study content itself but results from feelings at the transition between school and university like being overwhelmed or feeling insecure.

Lacking relevance attributions due to lacking criteria for what might be relevant

It would also be possible that the criticism otherwise expressed results from students not knowing what could be relevant for them as teaching students in mathematics studies. They could thus initially criticize a lack of relevance but could recognize a relevance if suggestions are made to them as to where it could lie. The lower relevance attributions to geometry might then also indicate that students feel uncertain about geometry's relevance. Geometry is not taught in the first semester so the uncertainty about its relevance might be connected to its missing appearance. If teaching students themselves are unsure at the beginning of their studies what could be relevant for them, the lack of treatment of geometry at the beginning of their studies could give them the feeling that it is not or hardly relevant at the university and they then adopt this assumed view as their own opinion. Our result of research question 2 that more complex content was seen as less relevant might also indicate that these were contents students did not recognize and thus could not assess as relevant.

Differentiation in relevance attributions

That students ascribed less relevance at the end of their first semester than at the beginning might indicate that they are more enthusiastic at the beginning and willing to ascribe more relevance but they lose motivation and enthusiasm throughout the semester after encountering various frustrations. As there were less students who gave an assessment of the relevance of geometry, students also seem to differentiate between different contents in their attributions of relevance, at least to a certain extent. Earlier research found that geometry was not seen as a central part of mathematics by teaching students in open impulses [START_REF] Winter | Einstellungen von Lehramtsstudierenden auf dem Weg zur Professionalisierung[END_REF][START_REF] Winter | Einstellungen von Lehramtsstudierenden im Fach Mathematik. Erfahrungen und Perspektiven[END_REF], which could be interpreted as assessing it as little relevant. However, the importance of geometry was recognized by students in the past when they were directly asked about it [START_REF] Winter | Einstellungen von Lehramtsstudierenden auf dem Weg zur Professionalisierung[END_REF], whereas a relevance in the present work was attributed at least to a lesser extent than in the other subject areas, despite direct inquiry.

Relevance attributions' possible links to school references

That more complex content was seen as less relevant might also indicate that these contents seemed too far away from school mathematics for students and they thus found them irrelevant for their future job. This would fit with our finding concerning the open-ended question where students attributed a high degree of relevance to contents that closely connected to school. Hence, current support measures that present references between school and university mathematics to support higher relevance attributions by mathematics teaching students (e.g., [START_REF] Eichler | Disagreements between mathematics at university level and school mathematics in secondary teacher education[END_REF] seem to make a good approach.

Relevance attributions' possible links to feelings of insecurity

That students named contents with close links to school as relevant contents might also indicate that they have problems with university mathematics. Lower relevance attributions might then be connected to feelings of insecurity. Possibly mathematics teaching students attribute less relevance to things they feel more insecure about to protect their own self-esteem. This possibility would also fit with our finding that students ascribed less relevance to more complex contents that they might have problems with. If students felt less secure at more complex content, they might also have ascribed less relevance here to protect their self-esteem as it would be less destructive for their self-esteem to have problems with contents that are not relevant. The lower relevance attributions to geometry might also be connected to feelings of insecurity with geometry as students have not yet engaged with geometry at university.

Our finding that some students connected a higher relevance to a personal feeling of security about their career choice might hint at yet another kind of insecurity they might feel concerning their studies. Moreover, the finding that students rather criticized frame conditions of their studies than name relevant content in answer to our open question might suggest that their criticism of a lacking relevance is rather connected to a feeling of unease in their studies but not based on a clear idea of what is missing (cf. [START_REF] Wenzl | Praxisparolen: Dekonstruktionen zum Praxiswunsch von Lehramtsstudierenden[END_REF].

IMPLICATIONS AND OUTLOOK

Our results serve as hypotheses to guide future research into mechanisms behind mathematics teaching students' relevance attributions. They suggest that students' relevance attributions might be supported by presenting links between university mathematics contents and the teaching profession, as has been done, but there might be more possibilities. Students could profit from reflections on relevance criteria at the beginning of their studies, for example embedded in bridging courses. If insecurities concerning mathematical content are connected to relevance attributions, it might help to provide students with success experiences in their studies. Of course, our findings only reflect initial responses. This served our purpose of exploring the suitability of our newly developed measurement instrument but must not be mistaken to be suitable to answer questions about student thinking and their final judgments behind relevance attributions. Interviews with students might give more insights into their actual thinking.

  Level 4 ... I have a basic understanding of the aspect variety of natural numbers, fractions and rational numbers. Level 3 ... I can describe the limits of the rational numbers in the theoretical solution of the measurement problem. Level 2 ... I can explain the completeness of the real numbers using examples. Level 1 ... I master conceptual tools such as equivalence classes for the formal foundation of number ranges.

Table 1 : Exemplary items for the relevance contents
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Table 2 : Relevance attributions to the subject areas
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Table 3 : Relevance attributions to the complexity levels
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  Table 4).

		Arithmetics/ algebra	Geometry	Linear algebra	Calculus
		T1	T2	T1	T2	T1	T2	T1	T2
	Arithmetics/ algebra	n.s.						
	Geometry	n.s. <.001	n.s.				
	Linear algebra	n.s.	n.s.	.041	n.s.	n.s.		
	Calculus	n.s.	n.s.	.006	.043	n.s.	n.s.	n.s.

Table 4 : Mean differences between different subject areas at one survey point and same subject areas between survey points; p<.05
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Table 5 : Mean differences between different complexity levels at one survey point and same complexity levels between survey points; p<.05
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