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Mathematics lectures play an important role in most engineering university courses. However, students often miss the reference to applications. Therefore, different application examples were integrated into a math lecture for first year engineering students. In our research we analyse a possible relationship between the students' evaluation of these examples and their mathematical views by using correlations and regression analysis. Our data of 143 students suggest that the stronger the students' applicationist view is the better the application examples are rated. If the student in addition views math as a toolbox, then the examples are evaluated more motivating.

INTRODUCTION

Mathematics have an important value for engineering studies at universities [START_REF] Alpers | A Framework for Mathematics Curricula in Engineering Education. A Report of the Mathematics Working Group[END_REF]. However, mathematics and the engineering courses are not necessarily interlinked (Tang & Williams, 2019), and the students miss the relationship between these disciplines, especially in the first year of their study [START_REF] Harris | Mathematics and its value for engineering students: what are the implications for teaching[END_REF]. This missing link leads to low motivation and interest [START_REF] Rooch | Brauchen Ingenieure Mathematik? [Do engineers need mathematics?[END_REF] and a high drop-out-rate [START_REF] Heublein | Student Drop-out from German Higher Education Institutions[END_REF]. One possibility to concatenate mathematics with applications is to integrate good applications into the course.

What constitutes good applications from a students' perspective might depend on different factors. One factor lies in the properties of the application task, such as authenticity and length [START_REF] Wolf | Entwicklung und Erprobung anwendungsorientierter Aufgaben für Ingenieurstudienanfänger/innen [Development and testing of application-oriented tasks for first-year engineering students[END_REF]. Other factors might be the teaching person who has a great influence on the development of learners [START_REF] Hattie | Visible learning. A synthesis of over 800 meta-analyses relating to achievement[END_REF], the presenting person or the fit to the study program [START_REF] Schmitz | Konzeption und Akzeptanz ingenieurwissenschaftlicher Anwendungen in Mathematikvorlesungen [Design and acceptance of engineering applications in mathematics lectures[END_REF]. The students' mathematical views might also influence what students see as good applications, since mathematical views are central to the learning of mathematics [START_REF] Goldin | Beliefsno longer a hidden variable in mathematical teaching and learning processes[END_REF].

We focus on examples integrated into the lecture. In order to better understand when students appreciate an application example, we investigate more deeply: In what extent is there a relationship between students' mathematical view and their evaluation of application examples? More knowledge about which factors are related to how well students find application examples allows for a more goal-oriented development of such examples. This might lead to more interest and motivation on the part of the students.

THEORETICAL BACKGROUND

Applications in math courses

Many different projects and concepts have been invented in order to place mathematical modelling into the engineering education. These projects and concepts range from short, less realistic tasks on only one sub-competency of modelling to authentic modelling projects which take place over a longer period of time (Greefrath et al., 2013, p. 23).

Given the institutional constraints, in a highly frequented math course at the beginning of the engineering studies smaller application examples and tasks can be implemented and enrich the mathematical content.

An application should treat extra-mathematical problems which are as real as possible so that a connection between mathematics and applications is created [START_REF] Niss | Introduction[END_REF]. The most important feature of application tasks and examples is thus the authenticity of the real problem [START_REF] Greefrath | Mathematisches Modellieren [Mathematical Modeling[END_REF]. For math lecturers (who are usually mathematicians) the construction of such applications is quite challenging. [START_REF] Wolf | Anwendungsorientierte Aufgaben für Mathematikveranstaltungen der Ingenieurstudiengänge [Application-oriented tasks for mathematics courses in engineering degree programmes[END_REF] developed a concept for the design of "good" application-oriented tasks which fit into a usual first-year math course for engineering students, and a test instrument to measure the criteria of the concept that can be evaluated by students.

In a lecture, rather examples are integrated. They differ from tasks in that learners do not have to solve the problems themselves. Assuming that the criteria for good tasks also apply to good examples, we expect that examples can also be constructed and evaluated according to the scales in [START_REF] Wolf | Anwendungsorientierte Aufgaben für Mathematikveranstaltungen der Ingenieurstudiengänge [Application-oriented tasks for mathematics courses in engineering degree programmes[END_REF] or their equivalents regarding examples. We focus our research on "applicability" and "authenticity" as they are independent of the aspect of problem solving and can be directly transferred from tasks to examples. Additionally, we transfer the importance of "motivation" (also described in [START_REF] Wolf | Anwendungsorientierte Aufgaben für Mathematikveranstaltungen der Ingenieurstudiengänge [Application-oriented tasks for mathematics courses in engineering degree programmes[END_REF] to application examples and consider the property "motivational" as an indicator of a good example.

Mathematical views

The students' beliefs can be described by the construct of mathematical views. Grigutsch et al. (1998) developed a system of four dimensions ("process", "application", "schema", "formalism") to characterise a person's beliefs regarding mathematics. This belief system has an additional structure: Correlation analyses in Grigutsch et al. (1998) show that the process and the application aspect correlate positively with each other, and the schema and the formalism aspect correlate positively with each other, but the process aspect correlates negatively with the schema and the formalism aspect. Therefore, the authors distinguish a static view of mathematics (schema and formalism) versus a dynamic view of mathematics (process and application).

This belief system was transferred to engineering students by [START_REF] Rooch | Brauchen Ingenieure Mathematik? [Do engineers need mathematics?[END_REF]. The belief aspects they consider relevant in engineering studies are "process", "application", and "toolbox" (without the formalism aspect). The process aspect describes mathematics as a creative field of discovery, ideas and trial, the application aspect describes mathematics as useful for everyday tasks and problems, and the toolbox aspect, which corresponds to the schema aspect in Grigutsch et al. (1998), contains the view that mathematics consists of tools like algorithms and formulas. We take our inspiration from [START_REF] Rooch | Brauchen Ingenieure Mathematik? [Do engineers need mathematics?[END_REF] as they have successfully used the aspects to study students' estimation of real-world examples.

Impact of mathematical views

Beliefs have an important impact on learning processes: Individual attitudes towards mathematics … are an essential influencing factor for mathematical … learning processes. They describe … the context in which pupils see and do mathematics. They influence how students approach mathematical tasks and problems and how they learn mathematics. (Grigutsch & Törner, 1998, p. 3) The dynamic view of mathematics is often related to more motivation and interest [START_REF] Köller | Mathematical world views and achievement in advanced mathematics in Germany: findings from TIMSS population 3[END_REF] and better performance in mathematical tasks [START_REF] Tossavainen | Swedish first-year engineering students' views of mathematics, self-efficacy and motivation and their effect on task performance[END_REF]. [START_REF] Mischo | Which personal factors affect mathematical modelling? The effect of abilities, domain specific and cross domain-competences and beliefs on performance in mathematical modelling[END_REF] found out that utility beliefs of mathematics (and by lower values, beliefs that mathematics means applying rigid schemas) can predict the modelling competence in general.

There is not much research on the impact of mathematical views to the evaluation of modelling resp. application tasks or examples. [START_REF] Maaß | Modellieren im Mathematikunterricht der Sekundarstufe I [Modelling in the teaching of mathematics at lower secondary level[END_REF] reveals that college students who have a static view of mathematics strictly disapprove modelling examples while the other students are partly positive or very positive about. We examine a possible relationship between students' mathematical views and their evaluation of application examples.

RESEARCH QUESTIONS

Four application examples were integrated in a math course for first-year engineering students. We investigate to what extend there is a relationship between students' mathematical views (in the aspects "process", "application", "toolbox", see [START_REF] Rooch | Brauchen Ingenieure Mathematik? [Do engineers need mathematics?[END_REF] and their evaluation of application examples (regarding the criteria "authenticity", "applicability" and "motivational", see [START_REF] Wolf | Anwendungsorientierte Aufgaben für Mathematikveranstaltungen der Ingenieurstudiengänge [Application-oriented tasks for mathematics courses in engineering degree programmes[END_REF].

First, for each of the four examples separately, we look at the relationship between an aspect of the mathematical view and a criterion of the evaluation of the example: 

METHODOLOGY Design

This quantitative study involved 143 engineering students (76 mechanical engineering, 28 energy and building services engineering, 37 renewable energy, 2 other) at a university of applied sciences in Germany, who participated in a first-year math lecture in 2019.

After explaining how to solve ordinary differential equations of first order, four application examples out of the engineering disciplines, named "Example C", "Example W", "Example A", and "Example R", were presented in the lecture.

Instruments

After the presentation of all four application examples the students answered a paperbased survey questionnaire.

The instrument to measure the students' mathematical views consists of the three scales "process", "application", and "toolbox" taken from [START_REF] Rooch | Brauchen Ingenieure Mathematik? [Do engineers need mathematics?[END_REF], to be rated on a five-point Likert scale (1 totally disagree -5 totally agree). The Cronbach's alpha values (0.49 for process, 0.66 for application, and 0.58 for toolbox) are similar to those in [START_REF] Rooch | Brauchen Ingenieure Mathematik? [Do engineers need mathematics?[END_REF], one a bit worse, the others a bit better.

To measure the evaluation of the application examples, suitable items from the three scales "motivational", "applicability" and "authenticity" by [START_REF] Wolf | Anwendungsorientierte Aufgaben für Mathematikveranstaltungen der Ingenieurstudiengänge [Application-oriented tasks for mathematics courses in engineering degree programmes[END_REF] were chosen and modified by replacing the word "task" by "example". Respondents were given options using a six-point Likert scale ranging from 1 (totally disagree) to 6 (totally agree) to measure their agreement on the questionnaire statements. From Wolf's scale "motivational" we took the five of the six items which fit to our setting. A sample item is "The reference to an application has aroused my interest." The reliability coefficients (Cronbach's alpha) had the acceptable values of 0.83 (Example C), 0.83 (Example W), 0.85 (Example A), and 0.85 (Example R).

All three items from Wolf are used for the scale "applicability", one being "This example has improved my ability to work on tasks with an engineering context." The reliabilities are also acceptable, with values of Cronbach's alpha of 0.805 (C), 0.777 (W), 0.826 (A), 0.830 (R).

The criterion "authenticity" is checked with only one item (the second item from Wolf was skipped, since the reliability of the resulting scale was quite poor). The item is "The reference to application is authentic: a real engineering problem is solved with the help of mathematics."

The data were analysed in an explorative manner using the IBM SPSS Statistics software. The relationship between students' views and their evaluation of an example was calculated utilising the Pearson product-moment correlation technique. The multiple regression analysis (method forward) was performed to find out the best predictors of students' views in their evaluation of an example.

RESULTS

Preliminary analysis: mathematical views

The results of the descriptive statistics indicate students' views are based on mean scores ranging from 3.60 to 3.74 (Table 1). This indicates that the students' views of mathematics include in quite equal measure all three aspects process, application and toolbox. The values of the standard deviations (Table 1) reveal that the group of students is quite heterogeneous concerning their mathematical view. A correlation analysis shows that the dynamic aspects "process" and "application" correlate positively (see Table 2), but do not exhibit multicollinearity (which is important for the regression analysis later). No significant correlation exists between the static aspect ("toolbox") and the dynamic aspects. The correlation patterns for the mathematical views reproduce the findings from the literature (Grigutsch et al., 1998).

Preliminary analysis: evaluation of the application examples

The descriptive analysis for the evaluation criteria reveals that all examples were evaluated as being very authentic, and seem to be rather motivating and applicable (Figure 1). Example C stands out due to a very good evaluation in all criteria, better than all other examples. 

Relations between the mathematical view and the evaluation of application examples (A)

To determine whether there is any significant relationship between the mathematical view and the evaluation of an application example the pairwise correlations between particular view aspects and evaluation criteria for each of the four examples were tested using the Pearson's correlation analysis.

The result is presented in Figure 2. A line between a view aspect and an evaluation criterion is drawn if there is a significant correlation. The emerging significant correlations are all positive (from 0.17 to 0.43).

The illustration shows that the criteria "authenticity" and "applicability" are positively correlated with the application aspect in all examples. Furthermore, the criterion "authenticity" and "motivation" are positively correlated with the process aspect and toolbox aspect, respectively, in all examples except C. 

Mathematical view as predictor of evaluation criteria (B)

A multiple regression analysis was performed to identify the best predictors in the mathematical view that influence students' evaluation of the application examples.

The view aspects serve as independent variables, and the dependent variable in the analysis is a particular evaluation criterion of one example.

The result of the analysis is similarly presented as before (see Figure 3). Each arrow leads from a significant predictor in the mathematical view to an evaluation criterion.

The R-square value indicates that 5.1%-18.2% of the variance in one evaluation criterion is explained by the combination of view aspects. The quality of the model is weak to medium. In every example, the aspect "application" is a significant predictor of all evaluation criteria, whereas the aspect "process" does not appear as a predictor. In example C, also the aspect "toolbox" does not appear as predictor. In contrast, in example R the toolbox aspect is a predictor for all evaluation criteria. In all examples except C the toolbox aspect is a predictor of the motivation criterion.

DISCUSSION AND CONCLUSION

In the present study, engineering students' mathematical view and their evaluation of application examples are measured and a possible relationship between them is investigated. In the following we summarise the results of the research questions (A) and (B), discuss limitations of the study and give an outlook on further research possibilities.

The correlation analysis (A) shows that students with a strong application aspect in their mathematical view tend to give good evaluations in almost all criteria in almost all application examples. In some examples, the aspects "toolbox" and "process" additionally correlate with some evaluation criteria. This result is only partly in accordance with the results by [START_REF] Maaß | Modellieren im Mathematikunterricht der Sekundarstufe I [Modelling in the teaching of mathematics at lower secondary level[END_REF] in the sample of college students since in her study the static aspect leads to disapproving application examples. One reason could be that we do not investigate the role of the formalism aspect which is part of the static view in [START_REF] Maaß | Modellieren im Mathematikunterricht der Sekundarstufe I [Modelling in the teaching of mathematics at lower secondary level[END_REF], another one that the participants of our study were engineering students.

The regression analysis (B) reveals that the aspect "application" predominantly occurs as a predictor of all evaluation criteria in all examples (as in the correlation analysis). This means, the more the application aspect is represented in the mathematical view, the better the evaluation of the example is, which similar to the results by [START_REF] Maaß | Modellieren im Mathematikunterricht der Sekundarstufe I [Modelling in the teaching of mathematics at lower secondary level[END_REF] in the sample of college students. The aspect "process" has no effect on any evaluation criterion in any example, in contrast to the positive correlations found in the correlation analysis. This occurrence could emerge from the fact that the bivariate correlations can be influenced by third variables.

In summary, the study shows that students with a strong application aspect in their mathematical view rate application examples better. This result seems to coincide with the fact that the dynamic aspect resp. the utility belief of mathematics leads to higher motivation and interest resp. better modelling competence [START_REF] Köller | Mathematical world views and achievement in advanced mathematics in Germany: findings from TIMSS population 3[END_REF]resp. Mischo & Maaß, 2012).

A limitation of the study concerns the generalization of the results, as the data came from only one university and from one lecture and one sample. Also, the model obtained by the multiple regression analysis is weak to medium. Other statistical methods should be tested.

Concerning the test instrument for the mathematical view, the value of Cronbach's alpha for the process-scale is better in [START_REF] Rooch | Brauchen Ingenieure Mathematik? [Do engineers need mathematics?[END_REF] than in our sample, and all view aspects are more reliable in Grigutsch et al. (1998). A reason for this could be that not all items from Grigutsch et al. (1998) were used in [START_REF] Rooch | Brauchen Ingenieure Mathematik? [Do engineers need mathematics?[END_REF] and in our study. Improving the scales and eventually adapting them to engineering students should be investigated. Remark also that that participants are self-reporting about their mathematical views, so there are possible biases in the results.

To measure the evaluation of the application examples we used the scales by [START_REF] Wolf | Anwendungsorientierte Aufgaben für Mathematikveranstaltungen der Ingenieurstudiengänge [Application-oriented tasks for mathematics courses in engineering degree programmes[END_REF] which are (to our knowledge) not evaluated in the sense that they have not been applied in a number of other studies. Here one could also try to improve the scales by changing items or adding other items.

The findings in our study reveal that the emerging correlations and predictors are quite diverse among the four examples. The application examples were of diverse nature, for example concerning the length of the presentation, the portion of modelling and computing, time consumption in preparation and the presenting person. Moreover, the examples showed applications from different study programs.

Results in [START_REF] Schmitz | Konzeption und Akzeptanz ingenieurwissenschaftlicher Anwendungen in Mathematikvorlesungen [Design and acceptance of engineering applications in mathematics lectures[END_REF] indicate that the evaluation of application examples differs depending whether the application context is related to the engineering degree program. This suggests that the correlation-and regressionpattern might depend on the application example. The role of the characteristics of the examples as well as other influencing factors could be investigated more intensely.

  (A) To what extend does a view aspect correlate with an evaluation criterion?Then we investigate how the mathematical view as a whole influences the evaluation of one example: (B) What predictors for the evaluation of the examples can be found in the mathematical view?
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 1 Figure 1: Mean values of the evaluation criteria for all application examples.

Figure 2 :

 2 Figure 2: Significant correlations (p<0.01, 1-and 2-sided) between view aspects and evaluation criteria in each application example (all positive).

Figure 3 :

 3 Figure 3: Predictors in the mathematical view for each evaluation criteria (value for R-square) in each example.

Table 1 : Mean value and standard deviation of all view aspects.

 1 

		mean value	standard deviation
	process	3.74	0.53
	application	3.64	0.69
	toolbox	3.60	0.58