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The differentiation between procedural and conceptual knowledge is crucial for assessing students' mathematical understanding and learning. Research in this field focuses in particular on the assessment of both procedural and conceptual knowledge in primary and early secondary education. Therefore, the presented study aims to contribute to this research by designing a test to assess procedural and conceptual calculus knowledge of upper secondary school students and students in the transition from school to university. A preliminary version of the test was implemented in mathematics preparation courses, indicating that with further adjustments especially on conceptual items, it is possible to identify reliable subscales that assess both knowledge types separately.

Introduction

Procedural and conceptual knowledge have been the focus of various research since the 1980s (e.g. [START_REF] Hiebert | Conceptual and procedural knowledge: The case of mathematics[END_REF] with the aim to assess students' understanding and learning. Although both types of knowledge were studied in many domains extensively, the assessment of both procedural and conceptual calculus knowledge is sparse [START_REF] Klinger | Funktionales Denken Beim Übergang Von der Funktionenlehre Zur Analysis: Entwicklung Eines Testinstruments und Empirische Befunde Aus der Gymnasialen Oberstufe[END_REF][START_REF] Rach | Which prior mathematical knowledge is necessary for study success in the university study entrance phase? Results on a new model of knowledge levels based on a reanalysis of data from existing studies[END_REF] and to our best knowledge, no study so far has focused on assessing both constructs separately in the domain of calculus. Additionally, research concerning procedural and conceptual knowledge vary significantly in their operationalization (e.g. [START_REF] Crooks | Defining and measuring conceptual knowledge in mathematics[END_REF][START_REF] Schneider | Konzeptuelles und prozedurales Wissen als latente Variablen: Ihre Interaktion beim Lernen mit Dezimalbrüchen [Conceptual and procedural knowledge as latent variables: Their interaction in learning with decimal fractions[END_REF] and for a long time, little focus has been paid to the validation of the assessment (e.g. [START_REF] Schneider | Relations among conceptual knowledge, procedural knowledge, and procedural flexibility in two samples differing in prior knowledge[END_REF]. Therefore, further research needs to carefully conceptualize the operationalization and validate the test. Our project aims to realize this by designing a test that validly assesses procedural and conceptual calculus knowledge of upper secondary school students and students in the transition from school to university.

Intuitively, procedural knowledge can be understood as knowledge that draws rather upon knowing how to solve a specific task [START_REF] Rittle-Johnson | Developing conceptual and procedural knowledge of mathematics[END_REF] , whereas knowing why specific rules can be implemented is considered to be conceptual knowledge [START_REF] Baroody | The development of adaptive expertise and flexibility: The integration of conceptual and procedural knowledge[END_REF]. This distinction is well accepted in research, but where procedural knowledge ends and conceptual starts cannot be determined, also for the reason that "not all knowledge can be usefully described as either conceptual or procedural" (Hiebert & Lefevre, 1986, p. 3). The differentiation is, nevertheless, highly valuable for thinking about mathematics learning and therefore needs to be investigated.

One aim in our research is to investigate the distinction between procedural and conceptual calculus knowledge in both school and university. Calculus is not only a mandatory topic taught in upper secondary school in Germany but also essential for many math-related study programs in university. Both in school and university, the domain is known for two different approaches. On the one hand, calculus tasks mostly tend to be procedural and can often be solved without the connection to the underlying concepts [START_REF] Code | Teaching methods comparison in a large calculus class[END_REF][START_REF] Törner | Calculus in European classrooms: curriculum and teaching in different educational and cultural contexts[END_REF]. On the other hand, many procedural task encompass the potential of an inquiry-based approach and the connection to real-world phenomena, which could foster the conceptual understanding. [START_REF] Törner | Calculus in European classrooms: curriculum and teaching in different educational and cultural contexts[END_REF] showed that, unfortunately, this potential is only rarely used [START_REF] Törner | Calculus in European classrooms: curriculum and teaching in different educational and cultural contexts[END_REF]. Whether a single-sided focus on either knowledge in the input by a teacher or lecturer also leads to an imbalance of both knowledge types in the output of a student can only be distinguished with a test that assesses both types of knowledge individually. Therefore, such a test enables the evaluation of students' individual differences concerning their procedural and conceptual knowledge. This will be investigated in the later process of our project.

In this paper, we focus only on the operationalization to assess procedural and conceptual knowledge as latent variables through identifying reliable subscales.

Procedural and conceptual knowledge

For the assessment of procedural and conceptual knowledge, both constructs need to be defined, since test items are designed with respect to those definition.

Procedural knowledge consist of rules, algorithms and procedures that are necessary to solve mathematical tasks [START_REF] Hiebert | Conceptual and Procedural Knowledge in Mathematics: An Introductory Analysis[END_REF]. [START_REF] Altieri | Erfolg in Mathematikklausuren ingenieurwissenschaftlicher Studiengänge unter besonderer Berücksichtigung prozeduralen Wissens [Success in mathematics exams in engineering degree programmes with special consideration of procedural knowledge[END_REF] further divides procedural knowledge in the "knowledge of the procedure" and "procedural skills" [START_REF] Altieri | Erfolg in Mathematikklausuren ingenieurwissenschaftlicher Studiengänge unter besonderer Berücksichtigung prozeduralen Wissens [Success in mathematics exams in engineering degree programmes with special consideration of procedural knowledge[END_REF]quoted after Dorner & Ableitinger, 2022). The former describes the knowledge of symbols and mathematical language and the knowledge of rules and procedures. The latter refers to all skills that are required to apply this specific procedure which then leads to a correct solution. Hence, both the knowledge of the procedure and procedural skills are required for having procedural knowledge. The process of solving a task with procedural knowledge can also be analyzed based on the action-sequences, which describe the steps that are required to reach a certain goal. The knowledge about action-sequences of a specific procedure is regarded as part of procedural knowledge [START_REF] Star | Learning from comparison in algebra[END_REF].

Conceptual knowledge is often defined as a "connected web of knowledge, a network in which the linking relationships are as prominent as the discrete pieces of information" (Hiebert & Lefevre, 1986, 3f.). The discrete pieces of information, [START_REF] Hiebert | Conceptual and Procedural Knowledge in Mathematics: An Introductory Analysis[END_REF] portray, can be described as basic concepts that are linked to each other. Those links can be analyzed based on the level of abstractness (see [START_REF] Altieri | Erfolg in Mathematikklausuren ingenieurwissenschaftlicher Studiengänge unter besonderer Berücksichtigung prozeduralen Wissens [Success in mathematics exams in engineering degree programmes with special consideration of procedural knowledge[END_REF]. Moreover, Crooks and Alibali (2014) conducted a literature review of studies focusing on conceptual knowledge. They discovered that common definitions of conceptual knowledge can be subdivided into referring to "general principle knowledge" and "knowledge of principles underlying procedures" (p. 367). General principle knowledge is not tied to a specific procedure and refers to general knowledge about mathematical concepts, whereas knowledge of principles underlying procedures is based on knowing why a certain procedure can be applied to specific problems and why each step is necessary to solve the problem.

The definitions of procedural and conceptual knowledge can be applied, for instance, on a common task of determining a maximum of a function. To solve this task, one could use the underlying procedure. The knowledge of procedure consists of the knowledge of the necessary and sufficient condition of an extremum, which enact as a step-by-step instruction to the solution. Additionally, procedural skills are necessary to differentiate the function, apply those conditions and calculate the zeros. Such a task can neither be solved procedurally without the procedural skills nor without the knowledge of the underlying procedure. Knowing why one has to calculate the zeros of the first derivative and insert them in the second derivative is considered to be conceptual.

Assessing procedural and conceptual knowledge

Based on those definitions, procedural and conceptual knowledge have already been assessed in various studies regarding different domains (e.g. fractions, equation solving). Both types of knowledge were investigated for several purposes, which will be reported in this chapter.

Due to the long history of research in the field of procedural and conceptual knowledge, many studies investigated both types of knowledge pursuing different targets. For an overview of the research, we refer only to findings in mathematics education. All of them are bound to a specific topic, which is predominantly located in the curriculum of primary or early secondary education to topics such as counting [START_REF] Baroody | The development of preschoolers' counting skills and principles[END_REF], addition and subtraction [START_REF] Canobi | Concept-procedure interactions in children's addition and subtraction[END_REF], decimal numbers (Rittle-Johnson & Koedinger, 2009) and equation solving [START_REF] Schneider | Relations among conceptual knowledge, procedural knowledge, and procedural flexibility in two samples differing in prior knowledge[END_REF]. Those studies currently still focus on proofing the bidirectional relations between both kind of knowledges and paying more attention on conceptual knowledge and its acquisition [START_REF] Crooks | Defining and measuring conceptual knowledge in mathematics[END_REF][START_REF] Schneider | Relations among conceptual knowledge, procedural knowledge, and procedural flexibility in two samples differing in prior knowledge[END_REF].

Only few studies focus on procedural and conceptual knowledge in upper secondary education or in the beginning of studying at university. Rach and Ufer (2020) for example examined whether prior knowledge of students predicts their study success in the first year at university. [START_REF] Klinger | Funktionales Denken Beim Übergang Von der Funktionenlehre Zur Analysis: Entwicklung Eines Testinstruments und Empirische Befunde Aus der Gymnasialen Oberstufe[END_REF] developed a test instrument to assess functional thinking in the transition from theory of functions to calculus with items focusing both on procedural and conceptual aspects of knowledge. But both studies measured procedural and conceptual knowledge on a unidimensional scale [START_REF] Klinger | Funktionales Denken Beim Übergang Von der Funktionenlehre Zur Analysis: Entwicklung Eines Testinstruments und Empirische Befunde Aus der Gymnasialen Oberstufe[END_REF][START_REF] Rach | Which prior mathematical knowledge is necessary for study success in the university study entrance phase? Results on a new model of knowledge levels based on a reanalysis of data from existing studies[END_REF]. In the study of [START_REF] Dorner | Procedural mathematical knowledge and use of technology by senior high school students[END_REF], only procedural knowledge of upper secondary school students was assessed regarding all contents that are considered to be mandatory based on the curriculum.

Another study, conducted by [START_REF] Lenz | Are conceptual knowledge and procedural knowledge empirically separable? The case of fractions[END_REF], empirically separated procedural and conceptual fraction knowledge. To our knowledge, this is one of few existing test instruments that achieved this separation and therefore, serves as a blue print for our approach.

Even though many research in this field exist, there is neither a consensus about the definitions of procedural and conceptual knowledge nor on a standardized operationalization (e.g. [START_REF] Crooks | Defining and measuring conceptual knowledge in mathematics[END_REF][START_REF] Schneider | Konzeptuelles und prozedurales Wissen als latente Variablen: Ihre Interaktion beim Lernen mit Dezimalbrüchen [Conceptual and procedural knowledge as latent variables: Their interaction in learning with decimal fractions[END_REF]. Those different approaches impede the comparability of results and gaining a broader perspective. For this reason, we are going to deduce our approach from successful studies in this research field and document our methods of test construction used in our study.

To the authors knowledge, no previous studies has operationalized procedural and conceptual calculus knowledge. Hence, assessment methods have to be derived from research in other domains. Both constructs are predominantly assessed through tasks that are assigned to be either procedural or conceptual. Rittle-Johnson and [START_REF] Rittle-Johnson | Developing conceptual and procedural knowledge of mathematics[END_REF] summarized the assessment of procedural knowledge to be less variable. In most studies, procedural knowledge is assessed through tasks involving the application of procedures or problem-solving tasks, which outcome is measured based on its level of correctness. The literature review of [START_REF] Crooks | Defining and measuring conceptual knowledge in mathematics[END_REF] highlighted that conceptual knowledge can be explicit and implicit. To distinguish between explicit or implicit conceptual knowledge, different tasks are used. Evaluating examples of concepts or translating quantities between representational systems are for example considered to be tasks that implicitly assess conceptual knowledge, whereas explaining judgements and why procedures work assess conceptual knowledge explicitly [START_REF] Rittle-Johnson | Developing conceptual and procedural knowledge of mathematics[END_REF]. A further distinction can be made based on mathematical representations used in the items (symbolic, graphical or verbal).

Other research suggests, that it is not adequate to assign tasks to be either procedural or conceptual. [START_REF] Faulkenberry | The conceptual/procedural distinction belongs to strategies, not tasks: A comment on Gabriel et al[END_REF] pointed out that the solution strategy of a student has to be regarded and not the task itself. We encounter this critique by both labeling tasks that evoke in particular one type of knowledge but also differentiating between the participants´ solutions.

A further distinction between tasks was made by [START_REF] Lenz | Individual differences in conceptual and procedural fraction knowledge: What makes the difference and what does it look like[END_REF]. The tasks were divided into subscales of procedural verbalization and application as well as conceptual verbalization, application and visualization.

As no previous study has operationalized procedural and conceptual calculus knowledge we aim to contribute to fill this research gap through the presented study. Based on first results of our study, we answer the following research question:

RQ: To what extend can conceptual and procedural knowledge be divided into reliable subscales?

Method

The presented study arose as a follow-up study of the KoLA-project (German abbreviation for concepts of learners in calculus). This former study aimed to categorize students' misconceptions on procedural tasks [START_REF] Eichler | Fehlkonzepte beim Lösen prozeduraler Analysisaufgaben [Misconceptions when solving procedural analysis problems[END_REF]. A set of different item types was developed in this project. A selection of these items is now used in the presented study and is extended based on theoretical considerations. We transfer the subdivision of [START_REF] Lenz | Individual differences in conceptual and procedural fraction knowledge: What makes the difference and what does it look like[END_REF] on the chosen items of the former study. Based on the definition of both constructs and how the introduced research in this field assessed both types of knowledge, we defined separate subscales for procedural and conceptual knowledge and named them according to previous research in other domains and standards in the domain of calculus (presented in results). By transferring the approaches of other studies to the domain of calculus and through evaluating whether participants' solutions match the anticipated knowledge type addressed by the item, the validity of the items was ensured. Further validation of the subscales will be conducted through examining the relationship to covariables and through statistical evaluation.

In order to answer the research question, we implemented the test at the beginning of the winter term 2023 at the University of Kassel. The sample consisted of students that attended mathematics preparation courses. Those students have a heterogenous educational background. On three different dates, we collected data of the sample. Due to the different assessment dates, the sample size varies slightly. In a digital pre-test (N=76), we assessed covariables such as learning strategies [START_REF] Liebendörfer | LimSt -Ein Fragebogen zur Erhebung von Lernstrategien im mathematikhaltigen Studium [LimSt -A questionnaire to assess learning strategies in mathsrelated studies[END_REF], cognitive abilities [START_REF] Heller | Kognitiver Fähigkeitstest für 4.-12. Klassen, Revision [Cognitive ability test for 4[END_REF], attitudes towards mathematics [START_REF] Grigutsch | Einstellungen gegenüber Mathematik bei Mathematiklehrern Attitudes towards maths among maths teachers[END_REF]) and socio-demographical information. Some of these covariables will be used in the next step to validate the test but will not be discussed in this paper. On the second date (N=78), participants were asked to take the paper-pencil test consisting of all procedural items. On the last date (N=69), a paper-pencil test consisting of all conceptual items was implemented. Each test was conducted at the beginning of consecutive three-hour-lectures and the participants had 45 minutes to complete the test. Afterwards, the remaining time of the lecture was neither used to discuss the conducted test nor to refresh calculus-related knowledge. Calculus contents were only taught after all assessment dates. The data was then coded dichotomously. Both types of knowledge were modelled as latent variables. We implemented items that predominantly assess one of these knowledge types. Therefore, we can divide the set of items in a procedural and conceptual subscale. As Cronbach´s alpha´s informative value decreases with an increasing number of items, we divided these scales again into subscales that assess similar aspects of either procedural or conceptual knowledge.

Results

The procedural subscale consists of 12 items and shows a good reliability (Cronbach´s alpha=.843). The conceptual subscale consists of 22 items with similar reliability (Cronbach´s alpha=.854). The further division of these items into subscales is depicted in Table 1 and2. 

α=.581

Cronbach´s alpha was again used to measure the reliability of each subscale. The scales Application derivative, Application extrema and inflection point and Verbalization were used to assess procedural knowledge (see Table 1).

It can be seen that both application scales have high reliability scores. The reliability of subscale Verbalization is questionable based on Cronbach's alpha.

A reliability analysis was also conducted for the subscales to assess conceptual knowledge (see Table 2). The reliability of the scale Verbalization implicit is too low. Nevertheless, the reliability of subscale Verbalization explicit is excellent. The subscale Application change between derivative level is questionable and needs further investigation to decide whether it can be used for further assessment.

Additionally, the test included five items about graphical derivation (see Table 3). Those five items can be summarized into another subscale, which is difficult to assign to only one of both knowledge types based on theoretical considerations. The reliability for this scale is acceptable. 

Discussion

We conducted a study in order to identify reliable subscales for both procedural and conceptual knowledge based on previous research and theoretical consideration.

Considering the research question, we can conclude that some of the subscales already show a good reliability but especially subscales to assess conceptual knowledge need to be adjusted for further implementations of the test. The low reliability scores can be explained by having a closer look on the implemented items. The scale Verbalization consists of 4 items that request participants to write an instruction to a familiar procedure. These procedures were about the calculation of an extremum, an inflection point, an average rate of change and the derivative at a specific x-value. Those procedures differ in their familiarity and the level of abstractness or formality. These aspects influence their difficulty. As Cronbach's alpha is measured by correlations, scales that consists of items with diverse levels of difficulty show a rather low Cronbach´s alpha value. Therefore, we will analyze in further studies, whether Cronbach´s alpha is an adequate measure of reliability for the purpose of our test or whether we could consider using a different model approach by Rasch-scaling our test.

Moreover, we could not assign the scale Graphical derivation to be only procedural or conceptual, as on the one hand, it contains aspects of changing between representational systems and is a geometrical visualization [START_REF] Lenz | Individual differences in conceptual and procedural fraction knowledge: What makes the difference and what does it look like[END_REF][START_REF] Rittle-Johnson | Developing conceptual and procedural knowledge of mathematics[END_REF], but on the other hand, it is often taught procedurally in school. We want to address this theoretical conflict in the future by conducting a factor analysis to validate the differentiation between procedural and conceptual subscales and also to empirically allocate the scale Graphical derivation to one of them.

  and its derivatives f', f'' and.f''' are given. Check if the function has an extremum at the point 𝑥𝑥 0 = 0. on how to determine the extremum of a function.

Table 2 : Subscales to assess conceptual knowledge (N=69)
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	Subscales	Description	Number	Examples	Cronbach´s
			of items		alpha
	Verbalization	Explain judgements,	9	Explain for each of the four functions	
	explicit	explicit measure		why you have or have not marked it with	
				a cross.