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Although procedural knowledge has lost importance in mathematics education in recent decades in favour of conceptual knowledge and deeper understanding of mathematical concepts, basic operational skills are often required in tertiary educational institutions. In Austria, this has led to the establishment of a section of the school-leaving exam from 2028, in which students have to solve tasks without any digital tools. At least until then, we will accompany the process scientifically by yearly assessing the procedural knowledge of students at the end of high school nationwide. The article reports on the construction of a valid test instrument for assessing procedural knowledge. The results of the first survey in 2021 (𝑛𝑛 = 455) show that there is no gender gap in procedural knowledge and that there are positive statistical relationships between procedural knowledge and general mathematical ability, self-efficacy and dynamic view of mathematics.

Introduction

Assessment of procedural knowledge has not had a high priority in mathematics education research in recent decades. If so, then procedural knowledge was only implicitly surveyed in national and international assessments (e.g. OECD, 2018). This is mainly due to the fact that, understandably, the focus of mathematics education in school is on competence acquisition and conceptual understanding nowadays (e.g. Petterson & Nortvedt, 2018). The use of digital tools in mathematics lessons may contribute to this focus. Computer algebra systems (CAS) enable the outsourcing of procedural skills, so that there is more time for arguing, interpreting, modelling, etc. However, there have been increasing complaints, especially from the tertiary sector, about a lack of procedural skills among first-year students [START_REF] Loveless | The arithmetic gap[END_REF]Open Letter, 2017).

The starting point for the present study is the current discussion about the standardized school-leaving exam in Austria. From 2028 on, there will be a technology-free part in which the students must solve operational tasks without using CAS or calculators [START_REF] Bmbwf | SRP Mathematik (AHS): 3-Stufen-Plan zur Weiterentwicklung des Mathematik-Unterrichts und der Mathematik-Matura[END_REF]. We will scientifically investigate the impact of this educational policy decision by scrutinizing the procedural knowledge of high school students in their final year nationwide over the coming years. In addition, we also survey different student characteristics, as you can see in the following research question: What is the relationship between success in completing curriculum-related procedural tasks (without technology and formula booklets) and the following student characteristics: gender, nature of mathematics, self-efficacy and grade in mathematics of the previous school year?

In addition, the present situation also provides an impetus for the development of a suitable assessment tool. Since there has not yet been a validated instrument for surveying procedural knowledge at secondary level, items were developed as part of our project, which have undergone various validation phases [START_REF] Dorner | Procedural mathematical knowledge and use of technology by senior high school students[END_REF].

Theoretical framework

Procedural knowledge

For the conceptualization of the construct "procedural knowledge", we refer to the fundamental work of [START_REF] Hiebert | Conceptual and procedural knowledge in mathematics: An introductory analysis[END_REF]. First, a distinction is made between conceptual and procedural knowledge, where the latter "is the ability to execute action sequences (i.e. procedures) to solve problems" (Rittle-Johnson & Schneider, 2015, p. 5). In practice, the separation of these two types of knowledge is neither easy nor uncontroversial. Nevertheless, there are initial empirical findings that procedural knowledge can also be recorded separately [START_REF] Lenz | Entwicklung und Validierung eines Testinstruments zur Erfassung von konzeptuellem und prozeduralem Wissen zu Brüchen [Development and validation of a test instrument to capture conceptual and procedural knowledge of fractions[END_REF].

For a specification of what we mean by procedural knowledge, we use the following differentiation: Knowledge of the procedure: Knowledge of symbols and the formal language of mathematics as well as knowledge of rules and procedures for solving mathematical problems.

Procedural skills: Skills required to apply the knowledge of the procedure in a case-specific and targeted manner in a way that leads to a correct result in a reasonable time, especially in the case of procedures. (Altieri, 2016, p. 25) 

Student characteristics

We use the following notions to describe the assessment of the characteristics of the students participating in the study. Since Austria typically has a large gender gap in mathematical assessments, we integrate this dimension into our model and examine a possible gender dependency in more detail with regard to procedural knowledge. We differentiate between male, female and diverse, in accordance with the three legal options in Austria. Students' beliefs about the nature of mathematics could play a role in the context of acquiring procedural knowledge, since procedures, by their very nature, can be attributed to the static part of mathematics. To capture this dimension, we use the distinction "dynamic view" and "static view" on mathematics and use the test items from TEDS-M [START_REF] Laschke | Erfassung der Überzeugungen der angehenden Sekundarstufen-I-Lehrkräfte [Assessing the beliefs of prospective lower secondary teachers[END_REF]. Because procedures are learnable and trainable, students' level of selfefficacy can affect the flawless execution of routines. We test self-efficacy with the questionnaire that is used for the Austrian standardized school-leaving exam (BMBWF, 2020). The items (with a fivepoint Likert scale) relate to mathematical skills only and are therefore appropriate for our purposes. Finally, we survey general mathematical ability based on the previous year's grade in mathematics (five-level scale with "1" as "very good" and "5" as "inadequate").

Literature review

In numerous publications, conceptual and procedural knowledge are used as a pair of terms (e.g. [START_REF] Hiebert | Conceptual and procedural knowledge in mathematics: An introductory analysis[END_REF][START_REF] Rittle-Johnson | Conceptual and procedural knowledge of mathematics: Does one lead to the other[END_REF], though, there are hardly any studies that purely survey students' procedural knowledge. If you look for example at tasks from PISA or TIMSS, you will notice that procedural and conceptual requirements are mixed, hence such tasks are not useful for studying students' procedural knowledge. Close to the target group of the present study are first-year higher education students. This is a promising line of research as most mathematics exams at universities heavily rely on students executing procedures [START_REF] Altieri | Erfolg in Mathematikklausuren ingenieurwissenschaftlicher Studiengänge unter besonderer Berücksichtigung prozeduralen Wissens [Success in mathematics exams in engineering courses with a special focus on procedural knowledge[END_REF][START_REF] Bergsten | Conceptual and procedural approaches to mathematics in the engineering curriculum -Comparing views of junior and senior engineering students in two countries[END_REF]. For example, [START_REF] Hoever | Erhebungsbogen und Test zum Studienbeginn[END_REF] test is prototypical for tests in the introductory phase. A closer look at the items shows that text length is kept short, no aids are allowed (neither technology nor formula booklets) while processing and the tested content is school-related.

By default, gender differences are examined more closely in PISA. From 2000 to 2015, boys outperformed girls in many participating countries [START_REF] Graß | Mathematische Geschlechtsdisparitäten -Eine Analyse in der Schuleingangsphase [Mathematical gender disparities -An analysis in the school entry phase[END_REF]. In the context of our studyi.e. the Austrian context -the gender gap in favour of boys in mathematics was the largest of all participating OECD countries in PISA. At the next survey, in 2018, Austria had the third largest gender gap in favour of boys within the OECD countries (OECD, 2019). In Austria, this gender difference extends (at least) from primary school (e.g. [START_REF] Graß | Mathematische Geschlechtsdisparitäten -Eine Analyse in der Schuleingangsphase [Mathematical gender disparities -An analysis in the school entry phase[END_REF] to the end of secondary school, see final school leaving exam, where even the Austrian Court of Auditors calls for action (Austrian Court of Auditors, 2020).

Students' beliefs about the nature of mathematics have long been a subject of research in mathematics education. Here, we adhere to the understanding of [START_REF] Törner | Mathematische Weltbilder" bei Studienanfängern -eine Erhebung ["Students' beliefs of the nature of mathematics -a survey[END_REF]. It is striking that university students are almost always subjects of research studies on the nature of mathematics, resulting in findings like the following. First-semester students of mathematics have a holistic view of the nature of mathematics, more precisely, process-oriented and static [START_REF] Törner | Mathematische Weltbilder" bei Studienanfängern -eine Erhebung ["Students' beliefs of the nature of mathematics -a survey[END_REF]. Individually seen, however, these beliefs are still malleable and may change over the course of their studies [START_REF] Weygandt | Mathematische Weltbilder weiter denken [Students' beliefs of the nature of mathematics thinking ahead[END_REF]. Due to the fact that we examine students in their final school year in upper secondary level, who are close to freshmen in terms of time and cognition, we use the items of the TEDS-M study [START_REF] Laschke | Erfassung der Überzeugungen der angehenden Sekundarstufen-I-Lehrkräfte [Assessing the beliefs of prospective lower secondary teachers[END_REF], which are based on a two factor model ("dynamic view" and "static view"), knowing full well that more differentiated models exist [START_REF] Weygandt | Mathematische Weltbilder weiter denken [Students' beliefs of the nature of mathematics thinking ahead[END_REF].

In addition to the student characteristics already mentioned, self-efficacy is also considered as a possible influencing factor on mathematical (procedural) performance, e.g. PISA (OECD, 2013). The concept of self-efficacy goes back to [START_REF] Bandura | Self-efficacy: The exercise of control[END_REF], who understands it as the belief that one can cope with new and/or difficult situations based on one's own ability. Meanwhile it is well known that there are interactions between students' math performance and their self-efficacy [START_REF] Schunk | Self-efficacy theory[END_REF]. The results of the field test for tasks of the standardized final school leaving exam in Austria show a large effect of the self-concept on mathematical performance, but no effect can be seen considering self-efficacy [START_REF] Sattlberger | Geschlechtsspezifische Unterschiede in Mathematikleistungen: Welchen Einfluss haben Persönlichkeitseigenschaften auf die Lösungswahrscheinlichkeit von Matura-Aufgaben [Gender-specific differences in mathematics performance: What influence do personality traits have on the probability of solving tasks of the final school leaving exam[END_REF].

Methods

The authors are not aware of any validated item packages that test procedural knowledge and are curriculum-related (Austrian curriculums for secondary schools, grade 5 to 12). For this reason, we designed 30 items that were reduced to 24 through several validation procedures. A correlation of 𝑟𝑟 ≈ 0.66 (𝑝𝑝 < 0.01) to selected procedural tasks by [START_REF] Hoever | Erhebungsbogen und Test zum Studienbeginn[END_REF] was found in a pilot study in 2021 (convergent validation). Furthermore, validation by experts (five mathematicians, five mathematics education researcher, five teachers rated the procedurality of each item) was carried out and we observed four students while processing the items and thinking aloud, in order to exclude conceptual knowledge components in the task processing as far as possible. Figure 1 shows a prototype task. The solution method is explicitly specified, since the choice of a corresponding solution method has to be assigned to conceptual knowledge according to the mentioned theoretical approach. The remaining requirements in this task are reproducing (knowledge of procedure) and executing (procedural skills). In order to shorten the students' processing time, the 24 items were divided into two test booklets. With this division, care was taken to ensure an even distribution of the used item characteristics (grade level, content area, number of procedural steps, & rating of importance). For more detailed descriptions of the items and their characteristics, we refer to [START_REF] Dorner | Procedural mathematical knowledge and use of technology by senior high school students[END_REF]. As mentioned above, the student characteristics were recorded using a questionnaire. It should be noted at this point that only a total of 3 of 455 students described themselves as "diverse", hence, this group could not be taken into account in the evaluation. The population relevant to the survey includes all students in the final year at Austrian high schools. In order to be able to answer the research question, a representative, stratified sample was drawn at school level. The participating teachers were free to choose a 50-minute survey time in April 2021. At this point, it should be emphasized that students were not allowed to use a formula booklet or any technology when working on the test booklets. In conclusion, we received 455 (test booklet A: 230) processed test booklets. Using [START_REF] Altieri | Erfolg in Mathematikklausuren ingenieurwissenschaftlicher Studiengänge unter besonderer Berücksichtigung prozeduralen Wissens [Success in mathematics exams in engineering courses with a special focus on procedural knowledge[END_REF] definition of procedural knowledge, a student exhibits this knowledge only if both is available, knowledge of the procedure and the procedural skills and hence the procedural task is solved correctly. For this reason, the authors coded the students' processings of each task by awarding zero points for an incorrect completion and one point otherwise. The data are evaluated using descriptive data analysis and linear mixed effects models. The latter method requires a more detailed explanation, the procedural performance 𝑝𝑝 𝑖𝑖𝑖𝑖 of student 𝑖𝑖 in class 𝑗𝑗 can be written as the sum of the arithmetic mean 𝛽𝛽 0𝑖𝑖 of the procedural performances of the students in class 𝑗𝑗 and an error term 𝜀𝜀 𝑖𝑖𝑖𝑖 , which leads to: 𝑝𝑝 𝑖𝑖𝑖𝑖 = 𝛽𝛽 0𝑖𝑖 + 𝜀𝜀 𝑖𝑖𝑖𝑖 . Again, the mean value 𝛽𝛽 0𝑖𝑖 can be split as follows: 𝛽𝛽 0𝑖𝑖 = 𝜇𝜇 00 + 𝛼𝛼 0𝑖𝑖 , whereby 𝜇𝜇 00 stands for the mean value of all student performances and 𝛼𝛼 0𝑖𝑖 for an error term. This model is used for the calculation of the intraclass correlation coefficient (ICC). Due to the use of two test booklets, their interaction must be checked, in other words, whether the effects were equivalent in both test booklets. In doing so, we computed a separate linear model for every of the four variables, including the variable, the test booklet and the interactions. For the calculations of the models, reference category "A" was chosen for the categorical variable "test booklet" and "F" for the variable "gender". The remaining variables were transformed linearly to make the intercept meaningful.

Before analyses, it should be checked whether there is a latent variable, which is surveyed by the 12 items of one test booklet. A confirmatory factor analysis could not be calculated with this small

Find the solution set of the system of equations

2𝑥𝑥 + 3𝑦𝑦 = 1 -4𝑥𝑥 + 5𝑦𝑦 = -13
in ℝ² by addition (elimination) method. number of tasks in a test booklet. For this reason, we indicate the internal consistencies (test booklet A: 𝛼𝛼 = 0.68, test booklet B: 𝛼𝛼 = 0.70), which are satisfactory. Moreover, since scale values are used as explanatory variables, the internal consistencies were also calculated here. The one for the variable "self-efficacy" turned out satisfactory (𝛼𝛼 = 0.84). Considering the students' beliefs of the nature of mathematics, the internal consistency for the variable "static view" was not satisfactory (𝛼𝛼 = 0.57), otherwise "dynamic view" (𝛼𝛼 = 0.79). That means that results regarding the variable "static view" are subject to the restriction that the collection of this construct was problematic.

Results

The average students' success rate for the procedural tasks is 0.362, see intercept (model 0) in Table 1. In test booklet A, the corresponding mean value amounts to 0.342 and in booklet B it is 0.38 (model 1.5). For procedural knowledge, the hierarchical structure of the data has to be considered because the ICC values 28.17%, which means the students' class affiliation for itself could already explain 28.17% of the variance of students' procedural knowledge (model 0). This variance explanation is only slightly reduced by the addition of the explanatory variables (mostly in the case of self-efficacy to 25.30%, see model 1.4). The procedural knowledge depends on previous year's grade (model 1.2), a dynamic belief of the nature of mathematics (model 1.3) and self-efficacy (Model 1.4), respectively. For every step down in terms of school grades, the success rate decreases by 8.5 percentage points (model 1.2). The less dynamic the students' belief of the nature of mathematics is, the lower the students success rate. For each step up on the five-point scale, procedural knowledge decreases by 5.5 percentage points (model 1.3). Analogous for the self-efficacy (model 1.4), for each step up on the five-point scale, the procedural knowledge decreases by 5.5 percentage points, which means the less the belief in one's own abilities is, the lower the success rate. Considering the variable "gender", the difference of the average success rates amounts to 1.6 percentage points in favor of the males, however, no correlation to the procedural knowledge could be found.

Taken all variables together (model 2), only the previous year's grade and the dynamic view were related to the students' success rate of the procedural items. Models with interactions were also calculated, but no differences in the effects between the test booklets could be found. This was true for both the individual and the joint consideration of the effects, hence, we do not provide any values.

Discussion and limitations

Interestingly, we do not find a gender gap in procedural knowledge in the data, as is the case with other standardized assessments [START_REF] Graß | Mathematische Geschlechtsdisparitäten -Eine Analyse in der Schuleingangsphase [Mathematical gender disparities -An analysis in the school entry phase[END_REF]OECD, 2019;Austrian Court of Auditors, 2020). One explanation could be the reduced form of the tasks, which neither induce visual representations nor refer to any non-mathematical situations. Thus, they do not address any social stereotypes as word problems sometimes do. Another reason could lie in the task types of the test items in large-scale studies [START_REF] Griselda | The gender gap in math: What are we measuring[END_REF]. With regard to the Austrian school-leaving exam, this is a positively connoted result, because no (additional) discrimination of girls is to be expected in the planned technology-free part.

Surprisingly, the items taken from TEDS-M [START_REF] Laschke | Erfassung der Überzeugungen der angehenden Sekundarstufen-I-Lehrkräfte [Assessing the beliefs of prospective lower secondary teachers[END_REF] for surveying the static view of mathematics did not have a satisfactory internal consistency (𝛼𝛼 = 0.57), which means that results should be interpreted with great care. On the other hand, there is a significant, albeit small, positive statistical relationship between a dynamic view of mathematics and procedural knowledge. This is quite a surprise, since the procedural knowledge within mathematics is more likely to be attributed to the static, less creative part.

The data show positive statistical correlations between procedural knowledge and self-efficacy on the one hand and the previous year's grade in mathematics on the other. In addition, taking into account the grades from the previous year, there was no effect on self-efficacy any more, which means that grades and self-efficacy no longer have to be recorded both in future studies.

In general, there is a considerable class dependency in procedural knowledge: In addition to the relationships just reported with individual student characteristics, the class to which students belong and their teacher have a major influence on differences within students' procedural knowledge.

Finally, we would like to address some limitations of the study. Although the test items are all curriculum-related, we have no information on whether the solution procedures were actually taught in class without technology. However, since we wanted to survey the currently available procedural knowledge, this deficiency is of little importance. Furthermore, the previous year's grade in mathematics is not an objective measure. However, we have secured this variable via the dimension "self-efficacy". Finally, the survey took place during the first phase of the corona pandemic, which could have had an impact on self-efficacy, the previous year's grades and learning mathematics in general. The survey itself was carried out in person, the response rate was very high at almost 85%.
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 1 Figure 1: Task PA07 of test booklet A

Table 1 : Linear mixed effects models without interactions for predicting the success rate. All parameters are not standardized. Parameters in bold are significant (𝑝𝑝<0.05).

 1 

		Model	0	1.1	1.2	1.3	1.4	1.5	2
		Intercept	0.362	0.356	0.508	0.438	0.422	0.345	0.523
	Main	Gender (F)		0.016					0.008
	effects	Grade			-0.085				-0.078
		Static				0.020			0.000
		Dynamic				-0.055			-0.025
		Self-efficacy					-0.069		-0.002
		Test booklet (A)						0.035	0.038
		ICC	28.17%	28.11%	29.72%	28.27%	25.30%	27.58% 28.61%
		logLik	135.95	136.39	206.64	154.85	162.39	136.51	212.24