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The transition from secondary to tertiary mathematics encompasses a complex interaction of social, academic and mathematical context changes, including a vast array of emotions, beliefs and issues. The present paper reports a study of the difficulties faced by a first year undergraduate student in a Mathematics Department during her transition from secondary to tertiary education through the lenses offered by a rite of passage framework. Data were gathered over the student's first two semesters of attendance predominately through interviews. The results indicate difficulties she faced regarding the mathematical content and a powerful interaction between emotions and the reconstruction of her mathematical thinking.

Introduction

The secondary-tertiary transition is itself an exciting and often confusing experience for students. After tough examinations, the successful students have yet to adjust to new learning environments, new modes of study, and above all, higher expectations.

The problems encountered in the transition from high school to university mathematics are common in every educational system worldwide. Several researchers identify a "gap" between school and university mathematics content [START_REF] Luk | The gap between secondary school and university mathematics[END_REF][START_REF] Kajander | Transition from secondary to tertiary mathematics: McMaster University experience[END_REF][START_REF] Winsløw | The transition from university to high school and the case of exponential functions[END_REF], while others identify important changes that affect students during the secondary-tertiary transition. These include the new academic and social environment as well as the shift required to a different mathematical way of thinking and studying [START_REF] Cherif | The problems of the transition from high school to university science[END_REF][START_REF] Tall | The Transition to Advanced Mathematical Thinking: Functions, Limits, Infinity and Proof[END_REF].

The aim of this paper is to study the ways in which a first-year student in the Department of Mathematics at the University of Athens dealt with transition issues through the lens offered by a rite of passage framework, focusing on the ways that changes in the student's social life and the academic environment shaped the reconstruction of the mathematical thinking required.

Literature review

The transition from high school to university mathematics could be seen as an interaction of many transitions: social, academic, mathematical content transitions as well as others [START_REF] Alcock | Definitions: Dealing with Categories Mathematically[END_REF]. University as an institution and university mathematics are encountered as a new world, with a new language and new rules that make the novice student feel like a foreigner [START_REF] Gueudet | Investigating the secondary-tertiary transition[END_REF].

With respect to the social dimension, [START_REF] Hernandez-Martinez | Students' views on their transition from school to college mathematics: rethinking 'transition' as an issue of identity[END_REF] considered the social aspects of transition as the most important when entering university. Students argue that the beginning of university life can be a quite scary and nerve-racking phase for many but also an "exciting" personal opportunity to develop in a "better environment". Some recall being quite shy in the beginning but becoming more confident over the first year. Going to college is about "working harder" but also about expanding social life. The change from a structured, parent-disciplined life to a self-disciplined university life is difficult. First-semester students claim that the change of the education environment, new expectations and unlimited freedom are the biggest problems [START_REF] Cherif | The problems of the transition from high school to university science[END_REF][START_REF] Clark | Suggestion for a theoretical model for secondary-tertiary transition in mathematics[END_REF].

Concerning the academic dimension, students in transition undergo changes requiring an adjustment of learning strategies, time management skills and a shift to more independent studying. They experience changes in teaching and learning styles. They often encounter a higher level of competitiveness among their unknown colleagues [START_REF] Clark | Suggestion for a theoretical model for secondary-tertiary transition in mathematics[END_REF]. The new environment demands a different type of critical thinking, something for which students are not necessarily prepared [START_REF] Cherif | The problems of the transition from high school to university science[END_REF].

As far as the mathematical content is concerned, first-year university students often face the move to more advanced mathematical thinking [which] involves a difficult transition, from a position where concepts have an intuitive basis founded on experience, to one where they are specified by formal definitions and their properties reconstructed through logical deductions (Tall, 1992, p. 1) Furthermore they are confronted with a significant change from a computational to a proof-based learning and teaching approach. Some concepts learned at high school need to be reconstructed at the tertiary level thus increasing the transition's difficulties. In tertiary mathematics courses students are exposed to the introduction of abstract concepts and formal reasoning; they witness an increased emphasis on the precision and rigor of the mathematical language, and this is very new for them (shock of the new) [START_REF] Clark | Understanding secondary-tertiary transition in mathematics[END_REF]. The relevant literature seems to agree that more relational and conceptual understanding as well as more flexibility in solving mathematical problems compared to high school mathematics is expected [START_REF] Breen | The use of unfamiliar tasks in first year calculus courses to aid the transition from school to university mathematics[END_REF]. In other words, a shift from "instrumental understanding" to more "relational understanding" is required.

Theoretical considerations

We employed the rite of passage approach [START_REF] Clark | Suggestion for a theoretical model for secondary-tertiary transition in mathematics[END_REF] to explore the ways in which the subject of the study dealt with transition issues. We considered the transition from high school to university mathematics as a rite of passage, a concept explored in anthropology and in other disciplines (e.g. in cultural studies). French anthropologist Arnold van Gennep (1960) (in [START_REF] Clark | Suggestion for a theoretical model for secondary-tertiary transition in mathematics[END_REF] described and analyzed certain events that, in one way or another, create a "crisis" in an individual's life. He observed that these "life crises" (e.g., birth, betrothal, marriage, or death) possess a similar general structure, and based on this, developed a three-stage theory of what he called rites of passage. In the separation stage, the person experiencing a crisis gets "removed" from the rest of the community (family, social group, etc.). The process of achieving necessary changes constitutes the liminal stage. In the incorporation stage, the person learns about the community that she/he will belong to at the end of the rite. With the support of members belonging to the communities involved, she/he is supposed to find her/his place in the new community. Applied to mathematics, the model suggests that one could analyze problems and issues in transition by studying their dynamics within three stages: (a) separation (from high school) which takes place while students are still in high school, and includes anticipation of forthcoming university life; (b) liminal (from high school to university) that includes the end of high school, the time between high school and university, and the start of first year at a university; (c) incorporation (into university) concerning roughly the first year at a university [START_REF] Clark | Suggestion for a theoretical model for secondary-tertiary transition in mathematics[END_REF]. Although [START_REF] Clark | Suggestion for a theoretical model for secondary-tertiary transition in mathematics[END_REF] suggest applying the rite of passage model with regard to the mathematical content only, we utilize a methodology for revealing the dynamics and the connections within all three dimensions (social, academic and mathematical content).

The study

Situated within the literature reviewed above, the study reported here is part of an ongoing research project aimed to examine the interface between social, academic and mathematical content aspects of the transition from high school to university mathematics. In particular, the research questions pursued in the study were as follows:

1. What was the dynamics exposed in each of the three stages of the rite of passage along the three dimensions (social, academic and mathematical content)?

2. How do academic and social dimensions interact to shape the passage from the liminal to the incorporation phase regarding mathematical content?

Greek students who want to enter University go through hard preparation to pass the exams in their last high school year. During their final high school year, most of the students undergo a strictly structured life program, including many hours of daily study almost always under the guidance of school teachers and private teachers in paid courses after school. They are introduced to Calculus, coming across proofs, the emphasis of teaching being, however, more on computational than conceptual learning/understanding. As first-semester university mathematics students, they are introduced again to Calculus but this time in formal terms, more as Mathematical Analysis. This constitutes a qualitatively big jump for their thinking. Furthermore, there is hardly any support around provided either by the academic staff, in the form of learning advisors, or by higher-years students and/or the Students' Association.

In October 2015 we started surveying incoming first-year students (October 2015-June 2016), collecting information. Twelve students volunteered to be interviewed individually to help us look thoroughly at the issues described above. Four semi-structured interviews (in the beginning of the first semester, before the semester exams, in the middle of the second semester and before the second semester exams) were carried out, each lasting between 25 and 45 minutes; these were audio-recorded and fully transcribed. Students were asked about their conceptions of university mathematics, how their experience of mathematics at school differed from that at the university, how their study habits or ways of working had changed, how they felt being a member of a new academic environment and how they dealt with the changes in their social-personal life.

One of these students, Nefeli (a pseudonym), is the focus of this work. We chose Nefeli because her responses during data collection strongly indicated that she was undergoing a rite of passage regarding mathematics: although she was doing well in mathematics (her grades were good at school and also in the university entry exams, 16/20 on average), in the beginning of her first university year she felt that perhaps it had not been a good decision to study mathematics. She was negatively affected because of the overwhelming changes imposed in her lifestyle and the new academic environment that strongly influenced her studies. She even considered quitting. Only after the first semester exams did she started adapting to the new environment, and at the end of the first year she almost felt well adjusted.
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Results

Nefeli's representative comments and thoughts related to transition and expressed in the contexts of the four interviews were organized along three dimensions, social, academic and mathematical content, within each of the three phases of a rite of passage, as presented in Tables 1, 2 and 3. In the following, some central issues emerging along each of these dimensions and across the three phases are discussed.

The social aspects of the transition were seen by Nefeli as among the most important (but also worrying) issues. She highlighted mainly two of them: (a) the home-university distance and (b) her relationships with classmates and friends (Table 1). Regarding studying mathematics (mathematical content dimension), Nefeli lost her self-confidence at the beginning. As time went by, she confronted studying mathematics as a challenge: to turn her disappointment and stress to something powerful and effective. She highlighted two main issues (a) the psychological impact of the "unknown subject" and (b) the new way of studying (Table 3). The results show the dynamics and the connections identified within all dimensions through the three transition phases. As we follow Nefeli's steps, we can see that in the separation phase she had to deal with her expectations concerning her social and academic life (S1, S5, A1, A6) and "move away" from her former way of living and studying (M1, M6), which is characteristic of this phase. Some of these changes affected her almost until the end of the first year (for example the lack of studying support). She struggled a lot to achieve necessary changes (a process assigned to the liminal phase), something that also affected her self-confidence as a math student (A2, A3, M2, M3, M7). Her great mental and emotional effort as well as the support of some higher year students and the influence of some inspiring professors (S8, A8, A4, A5) helped her to take the next step. After the first semester exams and more clearly near the end of the first year, it looks like she had also managed to find the necessary way of studying (M8). Overall it seems that she was close to finding her place within her new community, which is a feature of the incorporation phase (S4, M4, M5). Her success in Calculus I and II exams (8/10 and 10/10) can be seen as a positive outcome of her efforts.

Social dimension

Mathematical content dimension

Separation phase

Discussion and conclusions

Regarding our first research question, we found that the rite of passage framework brings out the dynamics of all dimensions. We followed Nefeli passing from one well-defined, established and accepted position in life to another, which is equally well-defined, established and accepted [START_REF] Clark | Suggestion for a theoretical model for secondary-tertiary transition in mathematics[END_REF]. Nefeli saw university as an institution and university mathematics as a new world, with a new language and new laws that made her feel like a foreigner [START_REF] Gueudet | Investigating the secondary-tertiary transition[END_REF]. She experienced a big change in her social and academic life which affected her studies as noted by [START_REF] Hernandez-Martinez | Students' views on their transition from school to college mathematics: rethinking 'transition' as an issue of identity[END_REF]. She struggled with the shift from "instrumental understanding" to more rational and conceptual understanding [START_REF] Breen | The use of unfamiliar tasks in first year calculus courses to aid the transition from school to university mathematics[END_REF]. As [START_REF] Tall | The Transition to Advanced Mathematical Thinking: Functions, Limits, Infinity and Proof[END_REF] suggested, in order to achieve the transition, students should adopt a new way of thinking, a prerequisite also acknowledged by Nefeli. Organizing her thoughts and comments within the phases of a rite of passage, we could identify some initial steps of the necessary shift to a new "mathematical selfidentity" needed.

Regarding our second research question, the results of our analysis reveals dynamics and connections between all three dimensions (social, academic and mathematical content). To pass from the liminal to the incorporation phase concerning the mathematical content, Nefeli had to feel better in the new academic environment and also try to deal effectively with her social life. For example, she appears to shift from the position that she felt undergoing a total change (in her former well organized -by others-life) during the liminal phase, to finding some positive aspects in her new self-disciplined university life ("I have the opportunity to manage my time as I want" and "I realized I had to use my "simple" knowledge inductively to solve a problem). This is in accordance with [START_REF] Tall | Advanced Mathematical Thinking[END_REF] position that:

Advanced mathematics, by its very nature, includes concepts which are subtly at variance with naïve experience. Such ideas require an immense personal reconstruction to build the cognitive apparatus to handle them effectively. It involves a struggle…and a direct confrontation with inevitable conflicts, which require resolution and reconstruction (p. 252)

We consider that our study constitutes a good starting point for exploring specific transition issues more extensively. A deeper investigation of the interaction between different aspects of transition from high school to university mathematics is needed. The analysis of other students' interviews indicates that the rite of passage lens allows for critical social and academic aspects shaping the passage to the new 'mathematical world' to be identified. Overall we view studying university mathematics as a multidimensional process requiring the reconstruction of mathematical thinking.

Fulfilling this reconstruction demands a repositioning of the student considering the new social and academic community. To this end, the institution should systematically offer students' support, and in a well-organized manner, since the lack of which, as the results indicated, might affect students' self-confidence and successful adjustment to the new environment.

Table 1 : Social aspects through the three transition phases

 1 and academic staff support to her statement that some professors do not care at all if students understand their lectures. Two critical features are (a) teacher-student relation and (b) lack of support (Table2).

		Separation phase	Liminal phase	Incorporation phase
	(a) the home-	S1:"School was near	S2:"I am negatively	S4: "I have the
	university distance	my home". (1 st	affected because of	opportunity to manage
		interview)	the long home-	my time as I want,
			university distance".	although not so
			(1 st interview)	effectively all the time". (3 rd interview)
			S3: "I manage time	
			better, but I'm still	
			undergoing a total	
			change in my former	
			well organized life".	
			(2 nd interview)	
	(b) her relationships	S5: "I try also to	S6: "Some interesting	S8: "I met some
	with classmates and	spend some time	people I have met	higher-year students
	friends.	with my friends from	here helped me to	who helped me a lot to
		school and neighborhood which is not easy…they hardly understand	adjust myself to the new environment". (1 st interview)	adjust to the new environment". (3 rd interview)
		that I have to study	S7: "With my	
		hard". (2 nd	classmates I have the	
		interview)	feeling that we	
			discuss mostly issues	
			about our studies but	
			in a competitive	
			way". (2 nd interview)	

Nefeli experienced big changes in the new academic environment (academic dimension). A vast array of answers is identified in her interview responses: from great expectations for a creative teacher-student relationship

Table 2 : Academic aspects through the three transition phases

 2 

Table 3 : Mathematical content aspects through the three transition phases

 3 
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