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In this paper we investigate the self-efficacy (SE) of engineering students in the introductory phase of studies. We focus on changes occurring in the first weeks, reasons for those changes, and the effects of a mathematics preliminary course on SE. Based on results of interviews with first year students in 2014, the preliminary course was adapted in the following year. In 2015 we interviewed first year students and collected questionnaires on SE. In the analysis we focus on mathematics, social, and general SE.

Introduction

The start of studies at tertiary education institutions marks a new stage of life for young people. Students often move to a new location, meet new people, learn new rules, and are required to become accustomed to new educational settings. These changes can influence the students' self-efficacy (SE) beliefs [START_REF] Schunk | Self-efficacy development in adolescence[END_REF], which can be defined as "beliefs in one's capabilities to organize and execute the courses of action required to produce given attainments" (Bandura, 1997, p. 3). In academic contexts these beliefs correlate with perseverance, persistence, and achievement [START_REF] Pajares | Self-efficacy beliefs in academic settings[END_REF][START_REF] Schunk | The Development of Academic Self-Efficacy[END_REF], and therefore mediate study-success [START_REF] Fellenberg | Kaum begonnen, schon zerronnen? Psychologische Ursachenfaktoren für die Neigung von Studienanfängern, das Studium abzubrechen oder das Fach zu wechseln[END_REF]. Depending on the given task, different SEs are of importance: Engineering students for example face mathematical, social, and course-specific tasks. For this reason mathematics, social, study-oriented, and course-related SEs may influence the study progress. In this paper we focus on mathematics and social SE, as it seems reasonable to assume that they might be influenced by a mathematics preliminary course. [START_REF] Van Dinther | Factors affecting students' self-efficacy in higher education[END_REF] reviewed 39 studies investigating factors that affect SE at higher education level, which were conducted between 1993 and 2010. None of these studies considered effects of preliminary courses that are common measures at the introductory phase of studies. [START_REF] Fischer | Mathematische Vorkurse im Blended Learning Format[END_REF] investigates the perceived change in SE occurring during a mathematics preliminary course in his dissertation and finds that students perceive only minor changes in SE caused by the preliminary course. This study, however, offers no reasons for existing or non-existing changes. Another educational transition, namely the transition from primary to secondary school, is well investigated concerning SE beliefs. "Young adults often experience declines in their competence and efficacy beliefs as they make the transition from elementary to middle school […] [that] may result from changes in the school environment" (Schunk & Meece, 2006, p. 80).

The results of interviews conducted with first year students at the University of Applied Sciences Münster in 2014 suggested that several study-related SEs might change during the first weeks at university. The students reported rising uncertainty concerning the new style of teaching and learning at university and the finding and joining of a study group. Furthermore they feared to fail in their mathematics studies whilst being confident about success in other subjects. When asked for mastery experiences in mathematics during the first weeks they didn't report any preliminary course Thematic Working Group 14 Proceedings of CERME10 experiences, and even improvement in the mathematics-tests didn't raise their confidence, as improvement was the least they had expected in a test that mostly differed only in numbers from the first one. As a consequence of these results, the preliminary course was adapted in 2015 to promote participation and cooperation of students.

In this paper the development of SE (mathematics and social) of engineering students at the start of studies is investigated. The study focusses on changes occurring during the first weeks at university, their reasons, and the role of the redesigned mathematics preliminary course regarding those changes.

Theoretical framework

SE is "competence-based, prospective, and action-related" (Luszczynska, Scholz & Schwarzer, 2005, p. 440), as shown in items such as "I am confident to solve the systems of equations with 𝑥 + 𝑦 = -7 and 𝑥 ⋅ 𝑦 = 30" [START_REF] Zimmermann | A questionnaire for surveying mathematics self-efficacy expectations of future teachers[END_REF], p. 2137) or "I am confident that I can start a conversation with someone I don't know very well" (Hermann, 2005, p. 107). Efficacy beliefs are multi-dimensional, varying in level, generality, and strength [START_REF] Bandura | Self-efficacy: The Exercise of Control[END_REF]. Generality of SE can range from task-specific SEs as used in the original definition of [START_REF] Bandura | Self-efficacy: The Exercise of Control[END_REF] to domainspecific SEs such as mathematics SE or social SE to general SE. "Mathematics self-efficacy expectations indicate the belief of a person in his/her own competence to solve mathematical problems and tasks successfully" [START_REF] Zimmermann | A questionnaire for surveying mathematics self-efficacy expectations of future teachers[END_REF](Zimmermann et al., , p. 2136)). Engineering students are confronted with a considerable amount of mathematics in their studies, although they usually don't choose their course of studies for that reason. Social SE can be defined as "an individual's confidence in her/his ability to engage in the social interactional tasks necessary to initiate and maintain interpersonal relationships" (Smith & Betz, 2000, p. 286). Students beginning their studies at university face these tasks daily. "General self-efficacy […] reflects a generalization across various domains of functioning in which people judge how efficacious they are" (Luszczynska et al., 2005, p. 440). It can be defined as "the belief in one's competence to cope with a broad range of stressful or challenging demands" (Luszczynska et al., 2005, p. 439). We use this rather stable SE to control our results for testing effects. SE beliefs influence goal-setting, motivation, or perseverance of people [START_REF] Bandura | Self-efficacy: The Exercise of Control[END_REF]. Empirical studies have shown that in academic contexts, low study-related SEs influence proneness to drop out of studies, whereas high SEs are supposed to promote study success [START_REF] Fellenberg | Kaum begonnen, schon zerronnen? Psychologische Ursachenfaktoren für die Neigung von Studienanfängern, das Studium abzubrechen oder das Fach zu wechseln[END_REF]. [START_REF] Pajares | Self-efficacy beliefs in academic settings[END_REF] discovered that SE influences performance independently from and as strong as ability, and [START_REF] Schunk | The Development of Academic Self-Efficacy[END_REF] showed that mathematics SE is a better predictor of achievement than self-concept, anxiety or prior experiences in mathematics. In general, SEs that slightly exceed actual skills are the most functional, as they "lead people to undertake realistically challenging tasks and provide motivation for progressive self-development of their capabilities" (Bandura, 1986, p. 394). SE can be developed through four main sources: enactive mastery experiences, vicarious experiences, verbal persuasion, and physiological and affective states. Enactive mastery experiences (failures or successes) are the most influential source, especially when they are attributed to personal effort. When no absolute measures of adequacy exist, social comparisons can function as source of SE. These vicarious experiences, i. e. observed experiences of models, are of greater influence when the observer perceives higher resemblance to the model. Verbal persuasion can be a third source of SE if significant others express faith or doubts in one's capabilities. This source is less influential than the first two. The last source mentioned by Bandura is that of physiological and affective states. Stress reactions or feelings of joy in the face of certain tasks may influence one's SE if no other information is available. The way these sources influence one's SE is dependent on the cognitive processing, and therefore SE cannot simply be interpreted as the sum of prior mastery experiences [START_REF] Bandura | Self-efficacy: The Exercise of Control[END_REF]. Of these sources, enactive mastery experiences appear to be the strongest at higher education level [START_REF] Van Dinther | Factors affecting students' self-efficacy in higher education[END_REF].

Research questions and methods

Based on the preliminary findings and open questions described above, this study aims to find answers concerning the following research questions:

1.

Do mathematic and social SEs change during the first months at university and if so, how do they change?

2. How does the mathematics preliminary course affect mathematic and social SEs?

At University of Applied Sciences Münster each year in September before the start of the semester, a mathematics preliminary course takes place. It consists of twelve modules: The first one -"How to study"addresses general differences between school and university and other study-related aspects, such as time-management or preparation for exams. The second module -"practicing mathematics" gives an introduction into reading and writing mathematics, set-theory, propositional logic and proofs. The remaining ten modules focus on contents of school mathematics from lower and upper secondary level [START_REF] Kürten | The Rechenbrücke -A project in the introductory phase of studies[END_REF]. For the quantitative part of the study, three data collection points were chosen: At the day before and at the first day of the preliminary course (pretest), in the first two weeks of the semester (posttest) and in the first two weeks of January (follow-up test, see Figure 1). Participation in the first test was mandatory for all students taking part in the preliminary course and voluntary for the rest. Participation in the posttest and follow-up test was voluntary because of organizational reasons. Each mathematics test consisted of 19 items associated with the contents of the mathematics modules of the preliminary course, with items that vary from test to test only in the used numbers or the given context. After completing the mathematics test, the participants submitted a questionnaire on statistical data, such as the type of school qualification and the elapsed time since the end of school, and a SE questionnaire. This questionnaire, in 2015, was composed of the German versions of three category systems: general SE [START_REF] Hinz | Bevölkerungsrepräsentative Normierung der Skala zur Allgemeinen Selbstwirksamkeitserwartung[END_REF], mathematics SE [START_REF] Zimmermann | A questionnaire for surveying mathematics self-efficacy expectations of future teachers[END_REF], and social SE [START_REF] Hermann | The influence of social self-efficacy, self-esteem, and personality differences on loneliness and depression[END_REF]. The general efficacy part uses a four level Likert scale, while the other two operate with a five level Likert scale. The results of the general SE test were used to complement the specific view of the other scales and provide an opportunity to detect testing-effects. The other scales were chosen due to the results of prior analysis (2014), which suggested changes in mathematics and social SEs. This specific mathematics SE scale was chosen, as it presents tasks that can be solved using school mathematics, the only mathematics most of the students taking part in our survey knew when filling in the pretest. The reasoning behind the choice of social SE scale lies in its specific design for students at tertiary education. It was translated into German, and the translation was validated by retranslating the items back into English and comparing the two English versions. These scales were chosen because they were already tested for validity, objectivity, and reliability with satisfying results (e.g. Cronbach's α between .80 and .94) [START_REF] Zimmermann | A questionnaire for surveying mathematics self-efficacy expectations of future teachers[END_REF], Blömker, 2016[START_REF] Smith | Development and validation of a scale of Perceived Social Self-Efficacy[END_REF].

For the qualitative part of the study we chose two data collection points: In the week before the preliminary course began (first interview) and during the third and fourth week of studies in October (second interview, see Figure 1). Participation in the interviews was voluntary. In the first interview 14 students were interviewed, and out of this group 8 were chosen for a second interview according to their department, their results in both mathematics tests, and their school-leaving qualification, to generate a heterogeneous sample and thus gather a large range of positions present in the population. The interviews were conducted using a semi-structured interview guide. The questions focused on mathematics and social SE as well as the students' motivation for studying and learning. In addition to the qualitative data gained in the interviews, the results of the SE scales were analyzed using t-tests to find changes in SE during the course, and semi-partial correlations to assess the relationship between attending the preliminary course and changes in mathematics SE. The interviews were transcribed and analyzed using qualitative content analysis according to [START_REF] Mayring | Qualitative content analysis: theoretical foundation, basic procedures and software solution[END_REF]. As the interviews should be used to understand the quantitative findings, our focus lay on mathematics and social SE. To find reasons for changes and the perceived level of SE, inductive category formation was used conducting a summarizing content analysis [START_REF] Mayring | Qualitative content analysis: theoretical foundation, basic procedures and software solution[END_REF].

Results

Self-efficacy scales

In 2015 the SE questionnaire was completed by 409 students in the pretest, by 243 students in the posttest and by 135 students in the follow-up test. The downturn in the number of participants from pre-to post-and follow-up test can be ascribed to the change from mandatory to voluntary participation. 167 students completed the questionnaires in pre-and posttest and 54 students completed all three questionnaires. Comparison of the results of students taking part in the pre-and posttest (n = 167) respective in all three tests (n = 54) shows no significant differences in general SE and significantly higher results in the post or follow-up test for social SE (small effect size: dz_post = 0.20, resp. dz_fu = 0.40) and mathematics SE (medium effect size: dz_post = 0.61, resp. dz_fu = 0.79). To measure the relationship between attendance in the course and changes in mathematics SE we compute a semi-partial correlation of preliminary course attendance (as stated by the students) and mathematics SE after three months. We assume that for students not taking part in the preliminary course, mathematics SE didn't change in the weeks of the course. As those students neither took part in the course nor in the associated e-learning, we suppose they didn't engage in mathematics during this time. As we did not have results from those students in the pretest, we compare the first result of each student (whether it is from the pre-or posttest) with their results in the follow-up test. We found a significant correlation of .26 (n = 112, p = .006) between preliminary course attendance and mathematics SE in the follow-up test, after partialing out mathematics SEresults of the first test.

Interviews

In 2015 eight students taking part in the preliminary course were interviewed twice. They were of age 18 to 22 and studied chemical engineering (2), informatics (1), and electrical engineering (5). The qualitative content analysis resulted in six main categories: mastery experiences, vicarious experiences, verbal persuasion, goal setting, temporal effects, and type of teaching. In the first interviews some students explained their perceived competence in mathematics by the time that has elapsed since their last studies of mathematics at school (Christoph, Leon) or by social comparison with students coming from more demanding schools (Dennis):

Christoph: Well, my mathematics are a bit rusty. I had in the advanced technical certificate/ I was quite good.

[…] And now I haven't had any mathematics in the last three years apprenticeship. Really not a bit. (1 st interview, translation by the author)

Dennis:

If I now/ If I consider, I've been at a main school (Hauptschule), so surely there is something missing in maths compared with those of a middle school (Realschule) or a grammar school (Gymnasium). (1 st interview, translation by the author)

In some of the answers the changes in the preliminary course are quoted as reasons for confidence in social or mathematical settings. The groupwork at the beginning of each tutorial offered possibilities to meet people and to solve harder tasks together. In the second interviews differences in schoolleaving certification were of lower importance than mastery experiences in social tasks (finding a study group) as well as in mathematical tasks, and in the latter case the mastery experiences were attributed to personal effort:

Dennis: It worked out well. I met new people right after the preliminary course. It opened up with the groupwork. You have to talk to other people there.

[…] And then groups formed right away and why should it worsen?! (2 nd interview, translation by the author)

Roman:

[…] I was first put off a bit by the exercises because I wasn't able to figure them out. But as I took the lecture notes, I understood it and I liked that a lot. Because I realized that I understand things I didn't understand before. And I could solve exercises I hadn't been able to solve and then I saw there is improvement. (2 nd interview, translation by the author)

Christoph: That shows me that I'll be able to solve hard problems that I couldn't solve at first if I study for them. And it shows me concerning my studies that a 2.0 might be possible. Depending on how much I will knuckle down and then practice, practice, practice. (2 nd interview, translation by the author)

The prediction of failure rates was mentioned by some students as a reason for their fear to fail in mathematics. These vicarious experiences didn't differ from those reported in 2014:

Interviewer: Okay. We get to the next statement: "I'm afraid to fail in my studies due to mathematics".

Leon:

Well, I would say four. That's more like the case, there is a certain fear of course.

Interviewer: And can you explain why you put the cross at the four?

Leon: Well, if you look at the rate of the last year, there are many failing. And there is of course/ you fear a bit that you won't be able to make the cut somehow. (2 nd interview, translation by the author)

Discussion and perspectives

In the study presented here we show that students' mathematics and social SE did rise during the preliminary course, and that this effect was stable over a period of at least three months.

As participation in the interviews and the posttests was voluntary, and participation in the pretest only mandatory for those taking part in the preliminary course, the sample is probably not representative of the population of first year students. For example, motivation for learning or studying might influence the students' decision whether or not to take part in the course, the interviews or the tests. This is especially important for the quantitative analysis of the SE scales. Although the qualitative analysis of the interviews doesn't need statistical representativeness, it should be considered that certain interesting types of students (for example those with low motivation) were not included in our sample. Besides this limitation of the study, the results presented show that even in the first weeks at university study-related (mathematics or social) self-efficacies change, while general SE remains relatively stable. For ethical reasons we had no control group of students wishing to take part in the preliminary course, and for organizational reasons we weren't able to collect pretest results of those students not attending to the preliminary course. Therefore, the quantitative data does not reveal whether the perceived changes in SE are caused by the preliminary course or not. At that point the qualitative data help interpret the quantitative results, as their analysis suggests that experiences in the preliminary course influence changes in SE. Those experiences resulted partly from the redesign of the preliminary course in 2015, for example, the forced group work at the beginning of each tutorial that fostered social SE.

We did assume that for students not attending the preliminary course, no changes in mathematics SE occurred during the time of the course. However, some students might have used other resources to prepare for their studies or just reflected on their competencies in comparison to the requirements of the University of Applied Sciences Münster. Again, the qualitative data help us justify our conclusions, as none of the students taking part in post-or follow-up tests stated other mathematical activities as reasons for not attending the preliminary course in the open ended questions of the survey. We feel therefore confident that our conclusion is valid for at least the bigger part of the students. Nevertheless, the correlation between course attendance and development of mathematics SE has to be treated with caution.

With regard to our first research questions we can say that in contrast to the findings of [START_REF] Fischer | Mathematische Vorkurse im Blended Learning Format[END_REF], SE beliefs did change in the first months at university at least in the part of the population that attended the preliminary course. Social SE rose slightly and mathematics SE rose moderately during the preliminary course. These results are in contrast to the findings described in the introduction that predict a decline of self-efficacies during transitions [START_REF] Schunk | Self-efficacy development in adolescence[END_REF]. The differences may be a result of different ages of the observed students, effects of the preliminary course, or other reasons. Another possible explanation is that the decline of SE takes place even before the preliminary course and is therefore missed by our survey. Further research could clarify this by assessing SE well before the move to tertiary education, as well as before and after a preliminary course. With regard to the second research question, we did find clues that there is a relationship between the changes in SE and the preliminary course attendance. Those students who reported mastery experiences (social or mathematical) in the second interview showed an increased value for the related SE in the second test as well. Further research should investigate changes in SE during a preliminary course in an experimental or quasi-experimental design to investigate whether the changes reported here are indeed caused by the preliminary course.

Of the students cited in this paper, those who had been out of school for a longer period showed lower mathematics SE than the others. As they also stated the elapsed time without mathematics training as a reason for their perceived mathematics ability, it might be interesting to evaluate the effect of time on mathematics SE.
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Table 1 : Statistical data of the interviewees cited in the article with German grades ranging from
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	Pseudo-	School-leaving	Last grade	Test results	Mathematics	Social SE	Time
	nym	qualification	in mathe-			SE				since end
		Type	Grade	matics	Pre	Post	Pre	Post	Pre	Post	of school
	Dennis	ATC	1	1 81% 84%	80%	96% 59% 73%	0 years
	Roman	A-level	3.3	4 68% 74%	72%	75% 53% 47%	1 year
	Christoph	ATC	2.3	2 11% 61%	59%	72% 71% 80%	3 years
	Leon	A-level	2.6	2.7 42% 95%	69%	80% 70% 72%	3 years

1 (very good) to 6 (inadequate) and German school-leaving qualifications "Abitur" (A-level) and "Fachgebundene Hochschulreife" (advanced technical certificate [ATC])
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