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Do students perceive mathematics and the mathematical subdomain of functions differently with regard to their self-concept and interest?
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Motivational variables such as self-concept and interest accompany learning processes and hence are considered as relevant target variables of schooling. In order to evaluate effects of a teacher training on their students' domain-specific self-concept and interest, established mathematicsrelated scales for these variables were adapted to the domain of functions and administered in a pre-, post-, follow-up-design to a sample of 1177 secondary school students. Results of confirmative factor analyses in Mplus indicate that the scales mathematics-and functions-related self-concept and interest are empirically separable despite relatively large latent correlations for the functionsrelated scales in the pre-test. Together with satisfying values of Cronbach's alpha, this finding implies that the instrument can be used to reliably assess students' functions-related self-concept and interest and hence fulfills the requirements for further analysis steps.

Introduction

The project ProfiL9 of Heidelberg University of Education evaluates the effects of a teacher training about learning difficulties related to elementary functions (e.g., Sproesser, Vogel, Doerfler, & Eichler, 2017). The field of functions was chosen because of its relevance within mathematics (education) and its difficulty for many students (e. g. [START_REF] Selden | Research perspectives on conceptions of function: Summary and overview. The concept of function: Aspects of epistemology and pedagogy[END_REF]. Effects of this teacher training are to be evaluated both at the teacher and the student level. Beyond investigating students' competency development related to elementary functions in the course of the corresponding teaching unit, this study focuses on changes in students' self-concept and interest. In the context of assessing effects of teacher trainings at the student level, Yoon and colleagues (2007) state that the corresponding instruments have to meet high scientific standards. Hence, a reliable and valid instrument is mandatory. In order to get insight in particular cause-effect-relations, such a test instrument should target variables directly related to the subject of the teacher training, in the present case related to the mathematical subdomain of functions. This paper presents results of a confirmatory factor analysis showing that self-concept and interest for mathematics in general and functions in particular are empirically separable within our sample. Therefore, in the next section, we will introduce the theoretical background related to self-concept and interest. Afterwards, we will outline the methods of this study and finally present and discuss our findings.

Theoretical Background

Motivational dispositions such as self-concept and interest nowadays are considered to be relevant for learning (e.g., [START_REF] Schiefele | Interest, learning, and motivation[END_REF][START_REF] Valentine | The relation between self-beliefs and academic achievement: A meta-analytic review[END_REF] as they accompany learning processes and affect (the development of) students' achievement in and beyond school (e.g., [START_REF] Jacobs | Changes in children's self-competence and values: Gender and domain differences across grades one through twelve[END_REF]. Therefore, they represent important target variables also of mathematics schooling (e.g., [START_REF] Pekrun | Schülermerkmale im Fach Mathematik[END_REF]). In the following, the motivational variables self-concept and interest will be described in more detail. An individual's beliefs about the own abilities in a particular academic or non-academic domain are subsumed as self-concept (e.g., [START_REF] Bong | Academic self-concept and self-efficacy: How different are they really?[END_REF]. Among other self-belief constructs domain-specific self-concept can be considered as ranging between the more general self-esteem, i.e., an "emotional attitude towards the self" (ibid., p. 11) and the more particular self-efficacy expressing a conviction of how to perform in a concrete task. Self-concept is considered to be relatively stable and based on prior (achievement) experience in the corresponding domain (ibid.) on the one hand. On the other hand, there is a reciprocal relationship between self-concept and achievement: achievement in a certain domain is clearly influenced by prior self-concept levels (e.g., [START_REF] Calsyn | Self-concept of ability and perceived evaluation of others: Cause or effect of academic achievement[END_REF]. An example for domain-specific (academic) self-concept is mathematics-related self-concept, i.e., a person's confidence in his or her abilities in mathematics. Such domain-specific self-concept was found to be positively correlated to achievement in the corresponding domain (e.g., [START_REF] Baumert | Unterrichtsgestaltung, verständnisvolles Lernen und multiple Zielerreichung im Mathematik-und Physikunterricht der gymnasialen Oberstufe[END_REF], becausefor instancea positive selfconcept can support success-oriented behaviors like practicing [START_REF] Valentine | The relation between self-beliefs and academic achievement: A meta-analytic review[END_REF]. Because of the domain-specificity of self-concept, e.g. [START_REF] Marsh | Academic self-concept: Beyond the dustbowl[END_REF] recommend that researchers should measure this variable as closely connected as possible to the domain focused in the corresponding research.

According to Schiefele (1991, p. 302) individual interest is a "relatively enduring preference for certain topics, subject areas, or activities". Hencesimilarly to self-conceptindividual interest is domain-specific and it makes sense to assess it closely related to the corresponding domain. Moreover, Schiefele (ibid.) states that an interested person attributes a personal relevance to his or her target of interest (i.e., value-related valences) and that interest usually is accompanied by positive feelings such as involvement and enjoyment (i.e., feeling-related valences). Therefore, an interested person engages in an activity or subject for its own sake and makes efforts in order to learn about it. Various studies show that interest and achievement are correlated (e.g., [START_REF] Baumert | Unterrichtsgestaltung, verständnisvolles Lernen und multiple Zielerreichung im Mathematik-und Physikunterricht der gymnasialen Oberstufe[END_REF][START_REF] Helmke | Bedingungsfaktoren schulischer Leistungen[END_REF]. Schiefele (ibid.) gives several reasons for this relationship: For instance, interested students are more likely to employ meaning-oriented learning activities and they use more elaborated learning strategies. In the present study, we focus on the relatively stable (individual) interest for the domain of mathematics and functions as opposed to the more fluctuating situational interest (e.g., [START_REF] Hidi | The four-phase model of interest development[END_REF]) that won't be considered here.

In order to investigate certain cause-effect-relations, it makes sense to measure self-concept and interest particularly related to the focused domain (cf. [START_REF] Bong | Academic self-concept and self-efficacy: How different are they really?[END_REF][START_REF] Marsh | Academic self-concept: Beyond the dustbowl[END_REF][START_REF] Schiefele | Interest, learning, and motivation[END_REF]. This consideration does also reflect the finding that empirical correlations, e.g., between self-concept and achievement are found to be larger when these variables are measured as domain-specific as possible [START_REF] Hansford | The relationship between self and achievement / performance measures[END_REF]. As stated above, self-concept and interest differ between certain school subjects such as Mathematics and English. In this sense, it can be assumed that students can also hold different perceptions of, e.g., particular mathematical subdomains such as functions with regard to these motivational variables. However, this assumption still has to be verified empirically. Considering all combinatorial possibilities, the following alternatives appear to be particularly plausible: As mathematics and its subdomain of functions as well as self-concept and interest are closely connected, it is possible that students do not differentiate between these variables at all. A second possibility is that they discriminate between self-concept and interest but do not perceive mathematics distinct from functions as the latter represents a subdomain of mathematics. A third possibility is that students perceive mathematics distinct from functions but do not discriminate between self-concept and interest within each domain. A fourth possibility is that students discriminate between self-concept and interest within mathematics because they have long-time experiences with this subject. However, and due to less experience with the domain of functions, self-concept and interest related to this domain could be not distinguishable for them. The latter possibility of students being not able to distinguish between self-concept and interest related to functions particularly applies for the data collection before the teaching unit of functions when students were not familiar with this domain.

Research questions

Concerning the domain of mathematics, motivational variables have been examined by various studies including PISA and TIMSS; they document for instance considerable correlations between self-concept, interest and achievement (e.g., [START_REF] Baumert | Unterrichtsgestaltung, verständnisvolles Lernen und multiple Zielerreichung im Mathematik-und Physikunterricht der gymnasialen Oberstufe[END_REF][START_REF] Pekrun | Schülermerkmale im Fach Mathematik[END_REF]. However, to our best knowledge these variables have not been investigated specifically related to the mathematical subdomain of (elementary) functions and hence there are no approved instruments to reliably measure them. Taking into account that self-concept and interest are both domainspecific, it is reasonable to assess these variables related to the particular domain of functions (cf. [START_REF] Marsh | Academic self-concept: Beyond the dustbowl[END_REF] for investigating the above assumption that students can hold different perceptions of mathematics and functions with regard to their self-concept and interest. In this study, we investigate the following research questions:

 Are mathematics-and functions-related self-concept and interest empirically separable?  How reliable do the scales measure these variables?

Methods

Sample and context of the study

In this study, data from 1177 German students (45.6 % female) from 53 classes in 32 German secondary schools was analyzed. Due to missing values the concrete number of subjects varies for the different analyses and hence is indicated in the corresponding part of the Results Section. The classes were recruited among teachers that participated in the teacher training mentioned above as well as from schools that were in contact with the project contributors. In both cases, the participation of the classes and the individuals were voluntary. The students were aged between 11 and 17 years (M = 13.20, SD = 0.94). The large range of age is due to the fact that in Germany the teaching unit of linear functions is taught in different grades (mainly in grade 7 and 8) depending on the level of academic performance of the corresponding class or school, respectively. In all the participating classes, the assessment was done before (pre-test) and after (post-and follow-up-test) the teaching unit of linear functions as it focuses on the development of functions-related competence and motivational variables in the course of this teaching unit. As many students were not familiar with functions at the pre-test, they were told that the tasks focusing on interpreting graphs in the preceding competency test were examples for functions tasks. Moreover, they were given the option not to answer the functions-related items if they did not feel comfortable responding to them. In each class a regular teacher of the corresponding school as well as a researcher (the first author or a specifically trained assistant) were present during the testing.

Measures

Motivational variables referring to mathematics and functions were assessed using 5-point Likert scales. Mathematics-related self-concept (6 items) and interest (3 items) were measured through scales established by Pekrun and colleagues (e.g., 2007). In order to tap students' self-concept (6 items) and interest (3 items) related to functions, the mathematics-related items were adapted to the mathematical subdomain of functions. More information about the scales, e.g., sample items are displayed in Table 2 in the Results Section.

Analyses

The confirmatory factor analysis (research question 1) was conducted with the software Mplus 7.3 with type = complex which accounts for nested data in school classes. The implemented Full Information Maximum Likelihood (FIML) procedure estimates missing values except for cases with missing on all variables. The robust maximum likelihood (MLR) estimator was used which corrects for non-normality in the measures. For each factor, the regression weight of one item was fixed to 1.0 by default. In order to assess global model fit, we refer to the comparative fit index (CFI), the root mean squared error of approximation (RMSEA) and the standardized root mean squared residual (SRMR). [START_REF] Hu | Cutoff criteria for fit indexes in covariance structure analysis. Conventional criteria versus new alternatives[END_REF] suggest using a combination of cutoff values such as CFI ≥ 0.95, RMSEA ≤ 0.06 and SRMR ≤ 0.08 for a good model fit. As the χ² statistic is samplesize dependent the χ²/df ratio was additionally determined. According to [START_REF] Bollen | Testing structural equation models[END_REF] the model fits the data sufficiently when this ratio does not exceed 5. The different (nested) models are furthermore compared by the sample-size adjusted Bayesian Information Criteria (adj. BIC). Values for Cronbach's alpha (research question 2) were determined with SPSS 25. The structure, factor loadings and correlations of the full Model E are displayed in Figure 1 for the pre-test. Similar results were found for the post-and follow-up-test. The rather low factor loading of Item 2 referring to mathematics-related interest is comparable, respectively slightly higher for the post-(.59) and follow-up-test (.63). Analyzing Model E without this item did not lead to better fit indices. Although the four scales mathematics-and functions-related self-concept and interest turned out to be separable, they expose latent correlations of .44 to .88. The correlation between functions-related self-concept and interest is lower for the post-and follow-up-test (both .80).

Table 2 shows Cronbach's alpha in pre-, post-and follow-up-test (fut) for mathematics-and functions-related self-concept and interest ranging from .81 to .94. All in all, the values for the functions-related scales are comparable to the corresponding mathematics-related counterparts. 

Discussion

The purpose of this study is to investigate whether student's self-concept and interest related to mathematics and functions are empirically separable. If students actually perceive mathematics and functions differently with regard to their self-concept and interest, it appears to be reasonable to assess these motivational variables as domain-specific as possible. Doing so is not only recommended by [START_REF] Marsh | Academic self-concept: Beyond the dustbowl[END_REF] but also enables investigating particular cause-effectrelations of the teacher training under evaluation in the project ProfiL9.

Although single global fit indices show slight deviations from the recommended cutoff values, they all favor the full Model E that differentiates between the four scales mathematics-and functionsrelated self-concept and interest. This finding is also supported for pre-, post-and follow-up-test by model comparisons based on the adjusted BIC. Moreover, the magnitude of the (significant) factor loadings as well as good values of Cronbach' alpha suggest that the latent variables are reliably measured by the corresponding items. In particular Cronbach's alpha is comparable or even better for the adapted scales than for the established ones. This means that the students of our sample perceive mathematics and functions differently from a motivational point of view and hence that it is reasonable to evaluate self-concept and interest with the adapted functions-related scales. In this sense, we will use these function-related scales in order to investigate particular cause-effectrelations in further analysis steps of our project. Developing and using domain-specific instruments appears to be applicable also for other studies investigating the effects of domain-specific interventions on motivational variables such as self-concept and interest.

At the pre-test, students were not familiar with functions. Therefore, it could have been assumed that the distinction between mathematics and functions and in particular between functions-related self-concept and interest would not have been perceptible for them (see Model D). However, the factor analysis favors the four-factor Model E already for the pre-test. Hence, students appear to differentiate between these variables even before they participated in the teaching unit of functions.

In any case, latent correlations of about .6 emphasize the relatedness between mathematics and functions. The magnitude of the correlations between self-concept and interest within each domain are in line with the literature and underline the proximity of these variables. The particularly high correlation between functions-related self-concept and interest found in the pre-test decreases in post-and follow-up-test to a level comparable to the mathematics-related counterparts. This is in line with our expectation that at the beginning of the teaching unit of functions students do not differentiate between these variables to the same extent as they do afterwards.

Although the presented results justify the use of the adapted instrument for further analyses such as investigating the development of student's functions-related self-concept and interest, the following limitations should not be disregarded. Some of the global fit indices still show potential for improvement and single factor loadings were lower than they should be. As the scale of mathematics-related interest only contains 3 items and as it proved in other research, we favor to maintain Item 2. However, we will further analyze if a model can be found that provides better fit indices. Concerning future analyses, the instrument will be used to examine how functions-related self-concept and interest develop for students with / without teacher participation in the teacher training mentioned above. In these analyses, covariates such as age or gender will also be introduced in order to monitor the effectiveness of the teacher training in more detail.
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 1 Figure 1: Factorial structure and parameters of Model E (pre-test)

Table 2 : Reliabilities and sample-items of mathematics-and functions-related self-concept and interest
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	Construct	Number	Sample item	Cronbach's	Cronbach's	Cronbach's
		of items		Alpha pre	Alpha post	Alpha fut
	Self-concept	6	Understanding mathematics is	.92	.92	.93
	(mathematics)		easy for me.	(N = 811)	(N = 878)	(N = 674)
	Interest	3	Doing mathematics is one of my	.82	.81	.83
	(mathematics)		favorite activities.	(N = 831)	(N = 892)	(N = 683)
	Self-concept	6	The domain of functions is easy	.94	.94	.94
	(functions)		for me to understand.	(N = 675)	(N = 863)	(N = 677)
	Interest	3	I like best working on functions.	.83	.88	.89
	(functions)			(N = 745)	(N = 895)	(N = 701)
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Results

Research question 1 investigates whether the mathematics-and functions-related scales were empirically separable within our sample. For this purpose, we specified several models with the items for mathematics-and functions-related self-concept and interest as stated above: Model A integrates all 18 items to a single factor. Model B assigns the items to the two factors self-concept (for mathematics and functions) versus interest (for mathematics and functions). Model C differentiates between mathematics (self-concept and interest) and functions (self-concept and interest). Model D contains three factors, namely self-concept for mathematics, interest for mathematics and a combining factor for functions (self-concept and interest). The full Model E incorporates the four factors mathematics-related self-concept, mathematics-related interest, functions-related self-concept and functions-related interest. Details about the fit of these models are displayed in Table 1 for the pre-, post-and follow-up-test. Concerning all times of testing, global fit indices (χ²/df, CFI, SRMR, RMSEA) indicate except for slight deviations that the full Model E fits the data reasonably whereas the other models do not meet most of the recommended thresholds (see Analysis Section). Similarly, model comparisons based on the adjusted BIC are in favor of Model E.