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Introduction Key competences and statewide exit exams

A changing need for competences in a knowledge-based society has caused literally all European countries to agree to equip all learners in compulsory schooling with certain 'key competences' "which represent a combination of knowledge, skills and attitudes that are considered necessary for personal fulfilment and development; active citizenship; social inclusion; and employment" (Eurydice 2012, p. 7). 'Mathematical competence and basic competences in science and technology' is one of the eight key competences defined. As these are promoted either by a national strategy or by applying large-scales initiatives instead (Eurydice, 2012), competences are relevant in different forms of assessment, too.

Central written exams at the end of a particular educational stage are one form of assessment in the majority of European countries. In secondary education such exams are frequently taken at the end of upper secondary education (ISCED level 3) and in some countries additionally at the end of lower secondary education (ISCED level 2), which marks the end of compulsory schooling. Subjects tested are usually at least Mathematics and the language of instruction.

Exit exams are mostly compulsory either for all students, regardless of the type of school attended, or just for those in public-sector schools [START_REF] Network | National Testing of Pupils in Europe: Objectives, Organisation and Use of Results[END_REF]. Even if these exams are "optional, as in the case of the 'national qualifications examination' in the United Kingdom (Scotland), or the Dutch CITO test, nearly all pupils take them in practice" (Eurydice, 2009, p. 23) which hints at the relevance of these exams. However, despite having the same name and sharing the purpose of summarizing the achievement of individual students at the end of an educational stage, statewide exit exams of any two countries differ in several respects such as the time awarded or the institutions which set them (cf. [START_REF] Klein | Wie zentral sind zentrale Prüfungen? Abschlussprüfungen am Ende der Sekundarstufe II im nationalen und internationalen Vergleich[END_REF] or the ways the results are used or published (cf. Eurydice, 2009).

Research on statewide exit exams

International research on statewide exit exams reveals various perspectives. Considering governance and accountability [START_REF] Klein | Challenges and problems for research in the field of statewide exams. A stock taking of differing procedures and standardization levels[END_REF] identify considerable national differences, e.g. as regards the role of the governing bodies, the degree of standardization of these exams, the use of the results or varying intentions ranging from control to support of schools. Other research focuses on setting standards and promoting innovation by means of such exams (e.g. [START_REF] Bishop | The effect of curriculum-based external exit exams on student achievement[END_REF] but also draws attention to contrary positions. [START_REF] Wößmann | Zentrale Abschlussprüfungen und Schülerleistungen[END_REF] even gives evidence that such exams enhance students' achievement. Further research addresses the impact of such exams on the selection of tasks for teaching (e.g. [START_REF] Cheng | Test Impact and Washback: Implications for Teaching and Learning[END_REF][START_REF] Neill | High Stakes, High Risk: The Dangerous Consequences of High-stakes Testing[END_REF]. In this context a backwasheffect of exams on teaching and learning is also frequently discussed (e.g. [START_REF] Biggs | Teaching for quality learning at university[END_REF][START_REF] Boud | Aligning assessment with long-term learning[END_REF]. Especially such summative forms of assessment have this effect and exert a considerable influence on both teachers and students because exit exams set standards as to what is to be achieved or considered important. As a consequence, exams ought to be carefully designed, even more so if governing bodies use them as a strategic instrument to influence teaching. However, there is only scant research on characteristics of tasks set in exit exams, and some of these studies are somewhat dated (see overview by [START_REF] Krüger | Exploration und Deskription naturwissenschaftlicher Aufgabenstellungen im internationalen Vergleich[END_REF] for various subjects).

With respect to tasks particularly set at the end of lower secondary education in Europe, this lack of research might be due to the fact that only few countries like Northern Ireland and Scotland have a longstanding tradition of such exams, whereas most other countries only introduced them in the last one or two decades [START_REF] Network | National Testing of Pupils in Europe: Objectives, Organisation and Use of Results[END_REF]. However, given the broadly conceded relevance of tasks in Mathematics (e.g. [START_REF] Arbaugh | Analyzing Mathematical Tasks: A Catalyst for Change[END_REF][START_REF] Neubrand | Task Analysis in COACTIV: Examining the Potential for Cognitive Activation in German Mathematics Classrooms[END_REF], it is astounding that only very few studies examine tasks set in exit exams in this subject. One study by [START_REF] Kühn | Qualität und Vergleichbarkeit durch Bildungsstandards und zentrale Prüfungen? -Ein bundesweiter Vergleich von Prüfungsanforderungen im Fach Mathematik zum Erwerb des Mittleren Schulabschlusses[END_REF] identifies a low level of cognitive demand of the tasks set in the 15 German states (Länder), and it reveals that applying routines and using facts (working technically) is a dominant competence when solving the tasks, whereas more complex competences, such as problem solving or argumentation, are far less needed. Another study by [START_REF] Vos | Assessment of Modelling in Mathematics Examination Papers: Ready-Made Models and Reproductive Mathematising[END_REF] focusses on specific modeling aspects of tasks set in the Netherlands and reveals that concerns about test reliability seem to limit the range of modeling aspects tested.

Methodology

Based on the discussion in the section above, the following four research questions are addressed: Which mathematical competences are needed to solve the tasks set in statewide exit exams and which level of cognitive demand is realized? Are the competences of similar importance? Which national exam characteristics can be identified which might be related to their public impact in each country? Can national exam characteristics be explained on basis of national exam regulations?

To address these questions a classification scheme by [START_REF] Kühn | Kategoriensystem zur Analyse von Prüfungsaufgaben zum Erwerb des Mittleren Schulabschlusses im Fach Mathematik[END_REF] is used, which was developed in a German comparative study on mathematics tasks. The scheme's subject specific categories, which are based on educational standards in mathematics, are used to identify and understand the structure as well as content-and process-related characteristics of tasks (cf. [START_REF] Kühn | Qualität und Vergleichbarkeit durch Bildungsstandards und zentrale Prüfungen? -Ein bundesweiter Vergleich von Prüfungsanforderungen im Fach Mathematik zum Erwerb des Mittleren Schulabschlusses[END_REF]. In the scheme the various categories and their subcategories are described in detail and illustrated by examples. Some of these categories are: mathematical content (subcategories: arithmetic, algebra, geometry, stochastics), types of mathematical activities and mathematical competences. In the course of developing this classification scheme, country-specific requirements for the design of exam tasks (e.g. Specifications in England, Notes des Service in France, or Examen Programma and Constructie opdracht in the Netherlands) have been examined if they were publicly available. Thus, the classification scheme includes general (instead of country-specific) categories for task analysis so that it can be used for a transnational comparison of task characteristics.

Based on this classification scheme, various task characteristics, such as competences necessary to solve a task and the level of cognitive demand of each competence, can clearly be identified. Each task is assigned to one or more of six mathematical competences (argumentation, problem solving, modeling, use of representations, working technically, communication), and for each competence one of four levels of cognitive demand is marked by a score (0: not needed, 1: low level, 2: intermediate level, 3: high level).

Analyses of the impact of these exams rely on documents published by the Eurydice network.

The sample comprises 655 tasks set in eight European countries (Ireland (IE), France (FR), Italy (IT), the Netherlands (NL), Norway (NO), Portugal (PT), England (UK-ENG) and Scotland (UK-SCT)). In both years 2008 and 2011, only these countries set written statewide exit exams in Mathematics at the end of lower secondary education (ISCED level 2), i.e. when students are aged 16. All tasks were translated into German and then categorized by a student who was excellent in mathematics and its didactics. The student was trained in several steps: tasks were classified and reasons for classifications had to be articulated. By means of this communicative validation agreement was gradually achieved. Additionally, the student could query classifications at any time.

Results

Quantitative findings

The descriptive results presented here are aggregated for both years 2008 and 2011. For each of the eight countries the findings provide insight into mathematical competences needed to solve the exam tasks. Table 1 informs on the number of tasks (N) set in each country and it provides information on the level of cognitive demand realized by giving mean scores (M) and standard deviations (SD) for each of the six competences. With respect to the first two research questions, the results in table 1 indicate an overall very low level of cognitive demand of all six competences for all countries. Since a maximum score of 3 can be reached, which stands for a high level of cognitive demand of a competence, the means realized indicate that most competences are only rarely needed to solve the tasks. This means that if a specific competence is needed at all its cognitive demand is mostly low. As mean scores of about 1.00 or more are almost exclusively limited to 'working technically', it can be concluded that this competence considerably determines the overall cognitive demand of the tasks set. This shows the relative importance of this competence, as more complex ones, such as argumentation, problem solving or modeling, are only rarely needed in any of these countries. This fact, however, is not fully in accordance with national exam regulations, such as those of France, England and the Netherlands, which explicitly require that these competences are tested, too. All in all, these results hint at the relative importance of applying routines and using facts to solve the tasks set.

Finally, based on the results given in both tables, for none of these countries a systematic relation can be identified between the overall mean levels of cognitive demand realized and the impact of the exams. For example in Scotland the impact can be considered high (certificates awarded, results published) and the mean levels of cognitive demand of all competences are relatively high, too. On the contrary, in France the impact can be considered low (no impact on students' progression, no results published) and the mean levels of cognitive demand are fairly high, too.

Examples of tasks

The following two examples of tasks and their analyses are to illustrate the quantitative findings given in table 1. The first example serves to illustrate the relative importance of working technically. In many tasks this is either the only competence needed or it is the only one which is cognitively more demanding. The task shown in figure 1 is typical in the sense that it only requires to work technically. To factorize the given sum of products, several steps need to be carried out (working technically, intermediate level). In all countries, however, most tasks which require this competence are of an even lower cognitive demand. The second example given in figure 2 shows one of the few tasks in the entire sample which are not only relatively long and complex but also require a number of rather complex competences.

To understand both diagrams (figures A and B) the introductory text needs to be read first (communication, intermediate level). Then a given model needs to be applied to the context (modeling, low level). The comparison of both complex diagrams (use of representations, high level) is supported by problem solving strategies (intermediate level). The final decision on the appropriate diagram requires an argumentation that needs to be written down (communication and argumentation, both intermediate level). In contrast to the majority of tasks in the sample this one does not require to work technically.

Influence of national exam regulations on task characteristics

To explain the different levels of cognitive demand of tasks set in different countries (cf. table 1) national exam regulations are considered, too. As not all regulations are publicly accessible, the following analyses are only based on the ones applicable in England, in France and in the Netherlands. The document analyses are to show if and in which way individual competences are mentioned. Furthermore, the analyses are to reveal if the relevance of any of the competences is stressed in relation to other ones.

The analyses of these documents firstly reveal that exam regulations in these three countries demand explicitly that competences such as argumentation, modeling and communication are tested. While in France and in England these competences are merely mentioned, in the Netherlands the cognitive demand of individual competences is described in some more detail. For example with respect to argumentation and communication regulations in the Netherlands explicitly ask for "reasoning strategies" and "communication by means of adequate mathematical language" (cf. CEVO, 2009).

In addition, the requirements concerning modeling are even more specific as the entire modeling cycle including its individual steps is mentioned.

Sounds are vibrations in the air. A sound spreads through the air. We then speak about sound waves.

Sound can be visualized using a device that turns sound vibration into an electric vibration. Below you see what this device shows for two different sounds. Both figures show a number of vibrations within a certain period of time (for example, 1 millisecond).

The number of vibrations per second is called the sound frequency.

 Which figure shows a higher frequency? Explain how you get to your answer.
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Contrary to expectation, though, the way competences are specified does not directly correspond with realized mean levels of cognitive demand. One example is the level of cognitive demand of modeling in France (brief specifications) which is similar to the one in the Netherlands (more detailed specifications). A second example is the considerably different mean levels of cognitive demand of argumentation in France and in England despite the fact that both countries have rather brief and similar specifications of competences.

The document analyses secondly reveal that none of the exam regulations studied state in any way how intensively individual competences are to be considered in the exams. There is also no statement as to the relative importance of working technically. Thus, on the basis of the exam regulations it is not possible either to explain the relatively high mean levels of cognitive demand of this competence in all countries.

All in all, the findings show that exam regulations do not correspond systematically with task characteristics. Furthermore, the more detailed analysis of only three countries shows that further research is necessary to explain how exam regulations are put into practice. Considering theories of educational governance, it must be assumed that such regulations do exert an influence on the selection or the development of exam tasks but so far it is not entirely clear in which way this impact works in practice. As a consequence and with special regard to competences, more needs to be found out on the application of exam regulations by those who either select and develop exam tasks or design entire exam papers by assembling tasks. For these reasons it is necessary to find out which other elements directly influence characteristics of exam tasks in different countries.

Conclusion and implications

Although all eight countries examined supposedly promote key competences including mathematical ones, the task characteristics raise the question how thoroughly these competences have been implemented, since cognitive demand is primarily determined by working with routines.

As exam tasks influence the selection of tasks for teaching and as the task characteristics identified in this descriptive study can neither yet be explained by the use of the exams' results nor be explained by exam regulations, further research is necessary that addresses both the influence of national curricula and that of existing exam design regulations as well as their application. Beyond this, further research should also address reforms actually taken to promote competences in these European countries to explain the results.

More detailed research of the tasks set in two different years is of interest, too. This also has to do with the influence such tasks have on teaching (cf. [START_REF] Black | Inside the black box: Raising standards through classroom assessment[END_REF]. More detailed research of this kind could possibly better help to understand the so far unsystematic relation of the exams' impact (see table 2) and the characteristics of the tasks set.

The results presented in this study also raise further interest in more recent developments on exam design regulations and the ways in which they influence actual exams. Especially with respect to exams taken at the end of lower secondary education not much is known about this relation yet.

Research on further development in the direction of a broader and more explicit notion of competences which includes explicit research on the cognitive demand of individual competences in these exams is desirable, too.

From a process-oriented perspective, a number of interesting research questions arise that focus on factors which influence the development of tasks set in central exams. There are two important factors of interest: One of them is longstanding traditions of tasks in these countries which might help to understand the task characteristics presented in this study. A second factor is the professional knowledge of those people who design the exam tasks. As the findings presented cannot fully be explained by exam regulations, attention is shifted towards the role of those people who develop tasks set in the statewide exit exams. It is well worth finding out if these people are aware of the different competences andeven more and on a more detailed levelof the various facets which these competences have. Modeling can be taken as an example here, as this competence comprises more than just mathematising (cf. exam regulations in the Netherlands). Furthermore, it is of interest to see if people who design the tasks are aware of different levels of cognitive approach of individual competences.

Finally, more recent theories on educational governance as well as findings from research on implementation support the assumption that the design of exam tasks is not exclusively influenced by relevant exam regulations. There is evidence for a considerable and multi-factorial influence of any people who are involved in the design of exams. More traditional attempts of research, which explain directions of influence, are based on a model of governance which is hierarchically structured and works in a linear way. More recent approaches, however, that try to explain these directions of influence, even identify a systematic discrepancy between formal exam regulations set by both political and administrative bodies and the way they are applied in practice. There is evidence that this seems to be caused by a necessary re-contextualization and transformation of existing regulations by the individuals involved (cf. [START_REF] Altrichter | Steuerung der Entwicklung des Schulwesens[END_REF]. Research both on innovation and implementation shows similar findings and reveals that administrative regulations and their implementation in practice can even differ widely (cf. [START_REF] Gräsel | Implementationsforschungoder: der steinige Weg, Unterricht zu verändern[END_REF]. To sum up, far more research is necessary to understand how exam design regulations are put into practice and how task characteristics can be explained.
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 2 Figure 1: Working technically at an intermediate level (source: Ireland, 2011)

Table 1 : Mean scores of cognitive demand of the six competences

 1 

			argumentation	problem solving	modeling	use of representations	working technically	communication
	Country	N	M	SD	M	SD	M	SD	M	SD	M	SD	M	SD
	IE	96	.01	.102	.28	.452	.46	.501	.15	.355	1.41	.535	.02	.144
	FR	60	.40	.807	.77	.647	.67	.629	.63	.712	1.13	.724	.28	.585
	IT	63	.17	.423	.37	.485	.79	.652	.67	.762	.90	.560	.37	.517
	NL	50	.32	.713	.72	.497	.78	.648	1.22	.932	1.32	.768	.74	.527
	NO	124	.10	.400	.40	.582	.52	.618	.54	.562	.94	.621	.29	.522
	PT	39	.26	.637	.54	.643	.51	.506	.82	.885	1.18	.756	.77	.742
	UK-ENG	152	.26	.581	.37	.512	.50	.575	.67	.726	1.16	.656	.45	.639
	UK-SCT	71	.08	.327	1.00	.378	.65	.657	.56	.626	1.39	.547	.59	.523

Table 2

 2 

	Country	IE	FR	IT	NL	NO	PT	UK-ENG	UK-SCT
	Award of certificates	x		x			x		x
	No impact on students' progression		x		x	x		x	
	Publication of results organized or required of schools, by central/local government				x			x	x
	Publication of results at the discretion of schools			x					
	No publication of results	x	x			x	x		

reveals if exam results are used to award certificates and if and how exam results are published. These categories are used to judge the exams' impact

(cf. Eurydice 2009(cf. Eurydice , 2012))

.

Table 2 : Ways in which results of statewide exit exams are used and published
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Proceedings of CERME10