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Sammendrag


Foreword

In this publication, scholars take a closer look at the PISA 2012 and TALIS 2013 studies. The authors represent almost all the Nordic countries and carry with them their different insights and perspectives. As the former editions in the Northern Lights series, this publication has received financial support from the Nordic Council of Ministers.

The Nordic Evaluation Network group has been responsible for editorial work. Sten Ludvigsen, Jouni Välijärvi and Jan-Eric Gustafsson have also participated to this issue and lend their expertise to the editorial group. This group has been led by Hallvard Thorsen and Marianne Nordengen from The Norwegian Directorate for Education and Training.

On behalf of the editorial group, we would like to thank all of the contributors. We would also like to thank Sten Ludvigsen for writing the introduction chapter.

We hope that Northern Lights on PISA and TALIS will be of interest to policymakers in the Nordic countries. Our aim and ambition with this publication is to give input to further policy development.

Oslo, May 2016

Marianne Nordengen and Hallvard Thorsen

The Norwegian Directorate for Education and Training


1. Introduction

Comparative studies of the Nordic countries: implications for educational policy

By Sten Ludvigsen, University of Oslo, Norway

1.1 Introduction: The Nordic model

The notion of the Nordic model of society has become popular in research and the media. Two years ago, the well-known magazine The Economist had a picture of a Viking on its cover, claimed that politicians from the left and the right can learn from Nordic countries (2 February, 2013). As citizens in Nordic countries, we may enjoy the idea of living in a supermodel, from which the other countries can learn. The educational systems in the Nordic countries are seen as well functioning and are highly trusted by the citizens of these countries. But before examining the important dimensions of Nordic educational systems, I contextualize the recent works on these systems by presenting an overview of the Nordic model. The review distinguishes between a Nordic model of society and models that include different features.

Academics from many fields and disciplines have investigated characteristics that are common among the Nordic countries. Features often emphasised include the open, market-oriented small economies, strong institutional collaboration between key actors in society, well-developed welfare states and well-organised labour markets. Further, the gaps in income and standards of living between citizens are smaller than in most other countries, women participate in the labour market to a higher degree and gender equality is generally well entrenched. In terms of working life, the Nordic model is often referred to as the triangle model, which refers to the comprehensive institutional coordination between key actors in the labour market, the welfare state, economic policy and the government (Dølvik et al., 2015). The power of these actors is balanced when arriving at a consensus on conflicting issues, which is believed to contribute to stability and reduce economic inequality. In addition, Nordic countries have a strong tradition of investment in human resources and knowledge mobilisation of labour. These factors create the conditions for social trust and a welfare state system that is fair for all citizens.

These features of society create a large number of meeting opportunities in which key actors can meet, talk and develop a common understanding of how changes in society can be interpreted and responded to. Such coordination and collaboration also occur in the educational sector. Relationships between the governments, unions and employers’ organisations are very strong and create what can be called a pragmatic stability, which often includes steps for incremental change. Historically, the relationship between these institutions and their roles has differed within the Nordic countries, and they are given different weight. However, broadly speaking, it’s still reasonable to claim that the described characteristics are the common features of the Nordic national states.

Despite differing ideological stances, political parties are able to agree on solutions. To put it simply, in general, politicians in the Nordic countries seek solutions that work. It is important to emphasise that the Nordic model is dynamic and that the main elements are somewhat different between the countries. Thus far, the Nordic model has been able to ensure stability for its citizens; however, whether it can continue to do remains an open question.

A large-scale research project, called the NorMod, investigated the factors that affect the construction of Nordic societies (Dølvik et al., 2015). The results showed that these societies are constructed by the cumulative effects of decisions made over long periods of time, which create the everyday social practices in which we participate. Most studies that investigate the Nordic model use a macro perspective. In such studies, the educational system is often cited as an important component of the comprehensive system of the welfare state, but seldom analysed closely. Education and healthcare are seen as the two main systems that create the conditions for citizens’ social, cognitive and emotional development and well-being. Thus, in the Nordic countries, a comprehensive welfare state ensures a secure and well-functioning society. Or, as was described in The Economist, Nordic citizens seem happier to pay higher taxes than anyone else in the world.

An interesting finding of the NorMod project pertains to the level of satisfaction with and the conception of the healthcare and educational systems – a comparison that was based on data from the European Social Survey ESS6 and FAFO’s own analysis. The NorMod project compared Nordic countries with countries such as Germany and the United Kingdom (UK) and asked Nordic citizens to rate the overall state of education in their countries on a 10-point scale, ranging from extremely bad to extremely good. While all the Nordic countries had high scores, trust in education was the highest in Finland. More than 50% of those who participated believed that their educational systems are very good. In fact, if the scores for medium to very good were combined, almost 90% of the population thought that their educational systems work well. The scores for the educational systems were higher than those for the healthcare systems. Nordic citizens had higher trust in their educational systems than the citizens of Germany and the UK, despite some major differences between the countries (Dølvik et al., 2015). Interestingly, international comparative studies such as Programme for International Student Assessment (PISA), Trends in International Mathematics and Science Study (TIMSS) and Progress in International Reading Literacy Study (PIRLS) show that there is variation in performance among the Nordic countries and internally within each country (Kavli & Thorsen, 2014).

A reasonable explanation for the high levels of trust is the general level of functioning in Nordic institutions. The trust has been built through long-term development and is historically anchored. As social institutions, schools guarantee that the next generation will develop the competences needed to pursue higher education and transition into the labour market. Schools in the Nordic countries have a history of being well functioning, and the Nordic citizens appreciate the norms, values and knowledge that a functioning educational system imparts.

1.2 Change in educational systems

Nordic countries have gradually built up the capacity required for further development and change. Capacities, here, refers to how school authorities are organised, how school principals work, how the curriculum is developed, teachers’ competencies, how parents are involved and how the unions and other organisations work together to develop the educational system. Changes to the system cannot too radical or they will break these well-developed, long-term models. The relationship between the actors involved explains why educational systems change slowly. The historical anchoring of the institutions and the stakeholders involved must agree on the changes that are desirable. Further, large-scale system reforms (often connected to governance and/or curriculum) and small-scale and local innovations connected to individual schools and teaching and learning need to be distinguished. Large-scale systems, such as the educational system, cannot change too quickly since many national and institutional mechanisms are involved in keeping them stabilized. Developing and adjusting new educational policies is a complex and long-term effort because it often involves measures that target a part of the system, the function of the principals or the function of teachers. In addition, the effects of new complex measures are often difficult to identify in the short term. Despite robust findings from research, scaling up the results and systemic changes takes time and long-term effort.

Today, we have a multitude of system information, research and evaluations that provide insights into how educational systems work. While some studies offer an overview, others present a more detailed view of certain practices. How such studies are connected raises the question of how to recognize different forms of evidence. Complex systems must always be understood from multiple perspectives. By this, I mean that we must seek to understand and explain how educational systems work by combining multiple sources of evidence (Gough et al., 2012). In other words, as strongly recommended in recent Norwegian green papers, we need different types of studies to understand and change educational systems (NOU, 2014:7; NOU, 2015:8).

In the last 15 years, students and citizens of the Nordic countries have participated in surveys/trend studies organised by the Organization for Economic Cooperation and Development (OECD) and the International Association for the Evaluation of Educational Achievement (IEA). Such studies give the participating countries important insights into their educational systems. Most of the surveys are time series studies that make it possible to compare achievements in each country over periods of time as well those of other relevant countries. Such studies are important in monitoring the development of individual countries (Kavli & Thorsen, 2014). In the international context, open economies must know how their educational systems work and whether changes in direction are needed.

1.3 Comparisons beyond the Nordic states

Comparisons of students’ performance between Nordic countries are useful as these societies have common characteristics, strong institutional coordination and many shared curriculum features. In social and educational sciences the value of comparing similar cases with extreme or deviant cases is generally well established. Beyond the Nordic region, we can compare student performance with countries in the South-East region of Asia. Schools in South-East Asia have consistently fared well in PISA and TIMSS (OECD 2014a). These trends have been coherent over time. In the everyday discourse the results are often explain by the learning culture (authoritarian) and more specifically to rote learning and the use surface learning strategies.

However, given that more than 20% and up to 50% of the South-East Asian students achieve top scores in mathematics, reading and sciences (OECD 2014a), it’s difficult to believe that the results only can be explained by rote learning. A curriculum feature that is emphasised in South East Asia is the formal aspects of mathematics, and it is now being given more importance in the Nordic countries as well. Countries that perform well on problem solving in the PISA 2012 study (OECD 2014a) and Shanghai-China have very high scores in the OECD study on financial literacy (OECD 2014b). Problem solving and financial literacy can both be seen as areas of application in which principles in mathematics are used. The use of mathematics principles in new areas is conceptualized as transfer of cognitive skills and is often connected to in-depth learning. Transfer between subjects is not possible if the students have only relied on rote learning and surface learning strategies, butcognitive mechanisms cannot fully explain the high scores emphasised here. To understand the complexities of students’ performance, social and cultural explanations, related to status, social norms and expectations from parents and the school system, are needed. Other important factors are high effort, low frequency of sick leave and participation in after-school teaching programs. The teachers are very professional and work systematically, offering student-centred supervision, feedback and evaluation. Teachers’ professional development is seen as part of a systematic effort to continuously improve the students’ performance. These high expectations of the teachers’ performance start with strategies for recruitment and the structure and content of teacher education programmes.

Thus, a multitude of factors contribute to student performance in the high-performing countries than is commonly acknowledged in the everyday discourse about students’ performance. The Nordic countries (except Finland) have rather few top performers, and too many low achievers. Therefore, it may be worthwhile to explore the curriculum and the teaching and learning practices of high-performing countries. If the Nordic countries want to renew their school subjects, develop a new curriculum and enable the use of new modes of instruction that leads to more in depth learning, they may have to look for inspiration not only at countries that are similar to them but also to those that conduct schooling differently and achieve very good results.

1.4 PISA and TALIS studies

The international studies covered in this book are the PISA programme and the OECD Teaching and Learning International Survey (TALIS). Below are short descriptions of both these studies.


What is PISA?

The Programme for International Student Assessment (PISA) is an international assessment of the reading, science and mathematical literacy of 15-year-old students. The tests are designed to assess the extent to which students at the end of compulsory education can apply their knowledge to real-life situations and be equipped for full participation in society. The information collected through background questionnaires also provides a context for the application of that knowledge, which can help analysts interpret the results.

In most OECD countries, students at this age are approaching the end of compulsory schooling. PISA is conducted in 3-year cycles. Three main areas or domains are examined in every cycle, but the major domain changes with each cycle.

Around 510,000 students from 65 economies took part in the PISA 2012 assessment, representing about 28 million 15-year-olds globally. PISA provides information about education systems and allows scholars to compare students across a large number of countries.

In PISA 2000, the major domain was reading literacy, in PISA 2003, it was mathematical literacy, in PISA 2006, it was science and in PISA 2009, reading literacy was once again the main domain. Mathematics was the major domain for a second time in PISA 2012, and science will again be the major domain in 2015.




What is TALIS?

The OECD Teaching and Learning International Survey (TALIS) is a large-scale international survey that focuses on the working conditions of teachers and the learning environment in schools. TALIS, a collaboration among participating countries and economies, the OECD, an international research consortium, social partners and the European Commission, aims to provide valid, timely and comparable information to help countries review and define policies for developing a high-quality teaching workforce.

TALIS examines the ways in which teachers’ work is recognised, appraised and rewarded. It also assesses teachers’ participation in professional development activities. The study provides insights into teachers’ beliefs about and attitudes towards teaching, the pedagogical practices that they adopt and the factors related to teachers’ sense of self-efficacy and job satisfaction.

TALIS also examines the roles of school leaders and the support they provide to teachers. The first cycle of TALIS was conducted in 2008 and surveyed teachers and school leaders of lower secondary education in 24 countries. In 2013, 34 countries and economies participated in TALIS. The OECD is now planning TALIS 2018.



1.5 Overview of the chapters

The chapters in this book contain secondary analyses of data from the Nordic countries. The comparison between these countries is interesting because of their cultural similarities and the differences in the organisation of their educational systems, which influence the levels of achievement. Each chapter of the book is briefly introduced below, and interesting results from are emphasised. Survey studies are based on how individuals respond and perform on certain instruments, while the curriculum analysis is conducted at the institution level. The results are seen as evidence of how the educational system or parts of the system perform.

The chapter by G. Nortvedt, A. Pettersen, A. Pettersson and S. Sollerman analyses the relevance of the 2012 PISA results to mathematics education in Sweden and Norway. Performing well in mathematics is seen as one of the most important factors for developing students’ motivation for further studies in mathematics, science and engineering. Understanding of principles in different areas of mathematics seems to be gaining more importance. This is because mathematics has been integrated into new methods and many knowledge domains in almost all sectors of society. Although such technical-economic arguments are used to give priority to mathematics in the national curriculum, the OECD downplays this line of argument, probably because the OECD PISA study claims to measure problem-solving capacities more generally and not only the mathematical content.

Nortvedt et al. analyse the structure and content of the PISA framework for mathematics and compare it with the curriculum in the two countries. The authors give a detailed account of different parts of the curriculum and items used in the PISA study. The results clearly show a high degree of overlap between the PISA items used in the study and the content of the intended mathematics curricula in Norway and Sweden. From a policy point of view, this is important because public discussion sometimes questions the relevance of PISA studies in providing valuable insights into the relation between curriculum and mathematical performance at the national level.

R. F. Olafsson’s chapter is based on the TALIS study. The aims of this chapter are to identify the clusters of leadership styles among principals in the Nordic countries, how leadership styles are connected to teachers’ attitudes and behaviours and how the clusters are related to student achievement. The study analyses data at the Nordic level and suggests that other units of analysis are more interesting than finding the national average. The results show clear differences between the clusters, which are (1) collaborative, instructional and administrative leadership; (2) reactive “under siege” leadership; (3) moderate instructional leadership, with an emphasis on mentoring and little reaction to teacher appraisals; and (4) reactive leadership, with financial incentives and consequences of teacher appraisals.

The first cluster is most strongly associated with high student achievement. This result is based on a literature review, TALIS data, and the characteristics of the principals in schools that promote high student achievement. The variation between the clusters and how they relate to student achievement poses a number of questions. One is whether we can expect school principals to perform well on all the indicators measured in TALIS. It could be that groups of leaders at schools are a more adequate unit for measuring leadership effects on high-school students’ performance. At the policy level, these results can be integrated into educational programmes for principals to reflect on and to transform their practices.

The chapter by M. Taajamo addresses the association between teachers’ professional development, job satisfaction and self-efficacy in the Nordic countries. The analysis of teachers’ work in the classroom is described as complex, and teachers need to continuously learn and develop as adaptive experts. A basic assumption in this chapter is that when differences in the student population increase, more varied repertoires of teaching methods are needed. Teacher education can be seen as the foundation for the profession. However, through participation in the social practices in schools, adaptive expertise can be enhanced with a focus on students’ learning.

The chapter presents two interesting results: (1) self-efficacy reflects teachers’ perception of their goal attainment in working with students. All the Nordic countries scored above the mid-point range in the TALIS study, (2) high self-efficacy and job satisfaction seems to be strongly related to mentoring activities. However, it is interesting and contradictory that Finnish teachers are the least involved in mentoring and yet have scores higher than other Nordic countries on student achievement tests. This could imply that the teacher education programme in Finland provides a better foundation for teaching and learning since they strongly emphasize knowledge about students’ learning. Whether this foundation is sufficient for further development is an open question. A general finding of this chapter is that induction to the teaching profession, in-services and continuous training are fragmented in all countries (with some variations).

The chapter by J. Caspersen based on TALIS data asks: Can feedback from colleagues and school leaders improve teachers’ self-efficacy in Nordic classrooms? This chapter addresses questions related to those analyzed and discussed in the chapters by Olafsson and Taajamo. However, this chapter builds on other data and analyzes the phenomena of appraisals and feedback in relation to self-efficacy in a different manner. Results show that feedback from colleagues and school leaders varies between schools and between countries and is dependent on what teachers consider important. Not surprisingly, teachers with many years of experience appreciate different types of feedback more than newcomers to the teaching profession. While new teachers seem to appreciate deepening their own teaching practices, more experienced teachers appreciate moving horizontally, which means coordination and collaboration with peer teachers, with a less intense focus on their own teaching. From the perspective of introducing changes to practices, this seems like a dilemma. If experienced teachers do not produce the expected results, how can change be achieved? Another finding is related to how school leaders choose to talk about students’ test scores and the teachers’ experienced self-efficacy. It is not the test scores itself that create self-efficacy; feedback becomes a tool for talking about work in the classroom.

A broader result discussed in this chapter is that professional collaboration seems to be positively related to self-efficacy, and this is valid for expert and novice teachers. One can argue that it is through collaboration that a teacher’s standards, methods and ways of working become transparent. Through such practices, a teacher develops into a professional who integrates the collective knowledge of the profession and uses varied methods when working with students. If a teacher’s work is too individualized, professional development will be hampered.

The chapter by P. Nyström focuses on high-performing students in mathematics based on a comparison of results from PISA 2003 and 2012. In the chapter, the aim is to find the characteristics of high-performing students and whether the characteristics had changed during the time period analyzed here. In addition to factors related to the students’ socioeconomic background, the literature about high-performing students often emphasizes that students are self-confident and have a high degree of mastery and ease with learning in mathematics.

The study confirms findings from extant literature in that high performance in mathematics is strongly related to students’ cultural and educational background and socio-economic status. The survey data contain information on achievement scores and self-reported scores on motivation, self-confidence and self-efficacy. Simply put, high performance means to be a part of positive learning cycles, in which a higher degree of mastery in the domain is expected. The findings show that high-performing students think that they spend more time on mathematics in class, they are more positive towards their teachers, they have more advanced cognitive strategies and are better able to employ their existing knowledge when working with new problems than students who are median performers.

The chapter by J. Braeken contributes to public debate among researchers, policy makers and the media about studies such as PISA. A starting point for this chapter is the occasional heated media debate about the PISA study. The media is often interested in and attempts to create a controversy by asking experts for opposing views, and the researchers themselves lose control of what is debated. The chapter is an important contribution to the methodological context of large-scale comparative assessment studies and presents a nuanced discussion on how we can interpret large-scale educational assessment studies. This contribution opens the black box and looks at the strengths and weaknesses of studies such as PISA as a prototypical example.

This chapter describes the problems associated with PISA study’s design, data and statistical analysis, which extend beyond everyday knowledge and are rooted in the technical modelling and sampling of data. For instance, PISA results are valid for countries but not for schools. The statistical model used to construct the results is technically complex, almost incomprehensible to individuals lacking the expertise. However, the reliability and validity of the PISA results is based on this technical model, while the communication of the results becomes open to interpretation, irrespective of the technical statistical instruments used. This chapter explains the strengths of large-scale assessment studies as well as their limitations. The implication is that we must consider what different types of research design can produce regarding evidence of school practices. We need different types of studies to develop robust policy recommendations.

1.6 Discussion

Most studies based on large-scale surveys highlight the variations that exist between countries, between schools and school districts and between teachers and students. As R. Olafsson touches upon, the unit of analysis serves as a filter to address the relevant research questions. The unit of analysis is a technical notion used in many types of research. On the basis of previous research, theory and assumptions a part of a phenomenon is selected and certain methods are used to create the needed boundaries. This type of adequate reduction is part of conducting survey studies and other types of research.

The findings about the leadership styles of school principals call for further research and critical reflection on the education of principals. The other main findings related to school leadership and professional development can be synthesized towards the importance of creating cultures in which student learning must be more visible and transparent, in order for practices to change. This can done by making teachers’ work transparent and encouraging discussion and critique of professional values, norms and standards by other teaching professionals. Through such processes, novices and experts can improve their work.

In-service training and continuous training of teachers are often seen as the most important factors for sparking change and improvement. Taajamos’s study asks for a clear strategic direction for professional development and learning. Without such a strategy, a country’s capacity to change and improve school practices may be hampered. This finding seems to be relevant for all the Nordic countries.

At a broad level, most of the findings emphasise the interdependence between different factors. Local autonomy for schools, principals or teachers is often used as concept to describe how schools are organised in relation to government and local authorities. However, the argument against local autonomy is that it hides more than it clarifies. When using interdependency as an analytic concept, we can see how teachers’ performances are dependent on a number of factors. Novice teachers depend on involvement from more experienced colleagues and principals, while experienced teachers work with another set of dependencies. Thus, the question that educators should ask is which set of interdependencies creates the best conditions for improving students’ in-depth learning. Looking for autonomy does not give us analytic lenses for how to improve our schools.

As mentioned in the introduction, this book is based on survey studies (except for one chapter). They provide valuable and needed knowledge about especially the “what” question. These pertain, for example, to student performance in a subject such as mathematics or how different actors perceive themselves in their professional work. However, other research designs provide a better view of how we can improve schools’ practices. We need more detailed observations of daily practices or targeted interventions based on well-researched phenomena. Such measures will help us understand and explain how and why students or participants choose to participate the way that they do.

Some of the chapters shed light on teachers’ knowledge foundation. They argue that the programmes for professional development and learning are hampered by a weak strategic direction, related to the quantity of time used and the quality of the knowledge developed. The main goal of professional development should be students’ learning. The educational sector in the Nordic countries seems to struggle to develop and establish a knowledge system and mechanism for the use of scientific knowledge relevant to the actors in the sector.

From a policy perspective, the variations (e.g. student achievements, how educational practices are carried out, what school principals prioritise etc.) described in the chapters give rise to dilemmas. Showing variations is an important step towards bettering policies and results. Given this context, should researchers search for interventions that can support changes in practice more generally or develop specific measures for the populations that need improvement, or both? According to the chapters in this book, the answers are not very obvious.

Some of the results in the chapters are counterintuitive, while others confirm findings from previous studies. This is why new policies for educational systems must consider normative expectations and new empirical evidence about school practices, both of which are challenging to understand but required for initiating systematic and effective change. When initiating systemic change, one should always look for multiple sources of evidence (NOU, 2015:8).

Lastly, what about the Nordic model? My interpretation is that Nordic citizens appreciate and trust the public school system as one of the most important institutions in the comprehensive welfare state system. The institutions and the actors that produce educational services and its supporting structures deliver knowledge, skills and competences for continuous development of its citizens and for the society at large. If the variation within each Nordic country or between them increases radically, the common features that are emphasised in this introduction and the trust relations they rely upon become at stake.
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2. Is PISA 2012 relevant to mathematics education in Norway and Sweden?
By Guri A. Nortvedt,1 Andreas Pettersen1, Astrid Pettersson2 and Samuel Sollerman2
2.1 Summary
Our aim is to describe and discuss the relevance of PISA 2012 to mathematics education in Norway and Sweden. In both countries, PISA is used to provide trend data on educational progress and to inform policy making. It is therefore imperative to gain better insights into how and to what degree PISA is relevant.
We first compare the structure of the PISA mathematics framework and the national mathematics curricula documents for Norway and Sweden. All the documents contain goals that explain the rationale underlying mathematics education and define the mathematical activity and content to be learned. Strong similarities are found in the stated purpose of mathematics education, which address the needs of both the individual and society and focus on the mathematical knowledge and abilities needed to be a constructive, engaged and reflective citizen. Surprisingly, the PISA framework downplays the technical-economical reasons for mathematics education, unlike the two curricula documents.
We find that mathematical activity is connected to mathematical modeling and problem solving processes in all documents. PISA does not aim to provide participating countries with the mathematics content to be taught. Even so, considerable alignment between the outlined PISA mathematical content and curriculum content areas is evident. The strong overlap between the PISA mathematics framework and the two curricula indicates that PISA 2012 is relevant to mathematics education in the two countries. This observation is supported by our analysis of PISA assessment items. We used the mathematics content strands in the national curricula as categories to evaluate the PISA assessment items and found that all items assess content belonging to the national curricula. This analysis, however, does not indicate to what extent the mathematical content covered in the national curricula is tested by PISA items. Many aspects of both the PISA assessment and the assessment items were not part of our investigation, such as the test and item format, the test situation and the language used in the mathematics items. These aspects are also important to consider when discussing the relevance of PISA.
Nonetheless, mindful of the limitations of this study, we conclude that PISA is relevant to mathematics education in Norway and Sweden.
2.2 Introduction
The goals of mathematics education are similar in many countries, with a strong focus on mathematical literacy (Burkhardt, 2014; Niss & Jablonka, 2014). Burkhardt (2014, p. 14) claims:
Around the world people seem to have much the same goals for the outcomes of a mathematics education. Students should emerge with a reliable command of a wide range of mathematical skills, a deep understanding of the concepts that underlie them, and an ability to use them, flexibly and effectively, to tackle problems that arise – within mathematics and in life and work beyond the classroom.
A common view is that compulsory education should provide students with the knowledge and skills they need, both for further education and life outside the educational system. Although the above quote does not specifically address why the society needs mathematically competent citizens, their role has long been recognised (Clements, 2013; Niss, 1996). The need for mathematically competent citizens stems from the crucial role mathematics plays in the development of society both from a technological and sociological perspective (Niss, 1994).
According to Dindyal (2014), although there has been a long tradition of comparative studies aimed at determining how mathematics is taught elsewhere, the use of international comparative studies on mathematical achievement has increased significantly in the last few decades. The mathematical competence and general educational level of students leaving compulsory education concerns society to a large extent, and the recent trend is that international comparative studies are used to monitor the effectiveness of educational systems. For instance, the Nordic countries – Denmark, Finland, Iceland, Norway and Sweden – have participated in all cycles of the Program for International Student Assessment study (PISA) (OECD, 2013a). Both in Norway and Sweden, PISA is used to inform policy makers. In Norway, insights from international studies are frequently cited in government white papers (Elstad, Nortvedt, & Turmo, 2009) to provide information to the national educational system. Indeed, national reports from the Norwegian directorate for education and training (NDET) identify international studies as provider of trend data on educational progress to the national quality assessment system (NKVS) (Allerup, Kovac, Kvåle, Langfeldt, & Skov, 2009; Elstad et al., 2009) (see, for instance, NDET, 2014). As in Norway, international studies also contribute to the Swedish quality assessment system and provide trend data on educational progress for Skolverket (the Swedish National Agency for Education, Skolverket, 2013). International studies, such as PISA, were included in the material used to develop the Swedish curriculum of 2011 (Skolverket, 2011a). Political interest in the first few PISA surveys was not particularly high, but after Sweden's average performance dropped significantly in 2012, governmental interest in the survey grew strongly (OECD, 2015). When the results of the 2012 PISA study were published, the government decided that a group of experts from the OECD should undertake an in-depth analysis of the results to provide advice on how to change and improve the educational system (OECD, 2015).
When outcomes of international studies are used by policy makers to inform educational policy, as in Norway and Sweden, it is vital to discuss their relevance to the intended policy (Dindyal, 2014; Leung, 2014). PISA measures students’ preparedness for life after compulsory school, with a focus on students as active problem solvers engaging in the core processes of mathematical modeling (OECD, 2013a, 2013b). Critics claim that since the PISA framework is not necessarily aligned with every participating country’s curriculum, the PISA survey cannot provide relevant information about the national educational system (e.g. Sjøberg, 2014). However, Leung (2014) argues that the competence students use to answer the PISA assessments are mainly acquired in school. In addition, problem solving is recognised as an important part of the national curriculum in most countries, and modeling is viewed as an “activity at the core of the utility of mathematics” (Burkhardt, 2014, p. 24). To add to the discussion about the relevance of PISA, we aim to investigate the following research questions:
• How is the definition of mathematical literacy in the PISA 2012 mathematics framework aligned with the goal definitions of the national curricula in Norway and Sweden?
• To what extent is the mathematical content assessed by the PISA 2012 mathematics assessment items covered by the mathematical content contained in the national curricula of Norway and Sweden?
2.3 Methodology
We aim to analyse and compare the PISA 2012 mathematics framework and the Norwegian and Swedish mathematics curricula documents. We will discuss the degree of alignment between the PISA 2012 mathematics framework and the national curricula in Norway and Sweden, and subsequently, how relevant PISA 2012 is to mathematics education in the two countries. As the assessment items operationalise the assessment framework, we also categorise the PISA mathematics items according to the mathematical content strands in the two national curricula – to discuss the relevance of what is measured by PISA.
The following three documents have been analysed:
• The Norwegian curriculum for the common core subject of mathematics (NDET, 2015a), including the framework for basic skills (NDET, 2012).
• The Swedish Lgr 11 curriculum for the compulsory school, preschool class and the recreation centre 2011 (Skolverket, 2011b).
• The OECD PISA 2012 assessment and analytical framework for mathematics, reading, science, problem solving and financial literacy (OECD, 2013b).
In all three documents, only the pages describing the mathematics curriculum were selected for analysis. PISA aims at assessing the mathematical competence of 15-year-old students (OECD, 2013b). Consequently, only the text describing the goals for students aged 13–15 (grades 8–10 in Norway and 7–9 in Sweden) was selected from curricula documents, which describe learning goals for students at various stages of compulsory education.
To allow comparison of the content of the documents, the first analysis considered the structure of the selected texts. The content was categorised into three levels according to Niss (1996): goal definitions at the end, aim and objective level. Identified sections were analysed and compared pairwise at each of the three levels, to investigate
1. if a similar purpose of mathematics education could be identified (end level)
2. how different aspects of mathematical competence were described in the documents (aim level)
3. if corresponding mathematical content was included in all the three documents (objective level).
Content analysis (Robson, 2002), applying categories that are developed by drawing on key texts, was used to analyse and compare content at each of the three levels (categories are described in the beginning of each of the three sections). For example, the categories used to analyse and compare the PISA framework and the national curricula at the end level (purpose of mathematics education) were the fundamental reasons for mathematics education developed from Niss (1996). Although published 20 years ago, this handbook chapter is still frequently quoted and provides an analytical lens to investigate the relevance of PISA to mathematics education in Norway and Sweden.
Items in the PISA 2012 paper-based mathematics assessment were categorised on the basis of the content strands in Norwegian and Swedish curricula. This was done to investigate how much of the mathematical content of PISA assessment items was covered in the national curricula. For each country, a national team of authors and a national external rater performed the categorisation. Differences were discussed and a common category was agreed upon.
2.4 Curriculum structures and goal definitions
There are many different uses and understandings of the word curriculum across the world, and in searching for a definition of curriculum, Cai and Howson (2013) noted that “it is almost impossible to give a universally acceptable definition” (p. 951). In the US, it might refer to a textbook series and in the UK to a set of classroom experiences (Burkhardt, 2014). In this article we understand curriculum as the aims, content and goals described in official documents regulating mathematics education on a national level. This is referred to as læreplan in Norwegian or läroplan (including kursplan) in Swedish (NDET, 2015b; Skolverket, 2011b).
In this section, we will look at the structure of the mathematics curricula only, at the levels that Niss (1996) refers to as the goals of mathematics education. Educational goals might be described at several levels. At one extreme we find end-level goals, stating the overall goal of teaching mathematics in schools. End level goals are often vague and difficult to assess. At the other extreme we find objective level goals, stating specific content or strategies to be learned (Niss, 1996). For this analysis, we have used three levels. In addition to the two extremes, the end and objective level, we have defined an intermediate level, the aim level that comprises more general mathematical competences.
Using the three levels of goal definitions as categories and drawing on Niss’ (1996) work, content in the curricula documents can be categorised into each of the levels (see Figure 1). As in Niss (1996), parts of the documents pertaining to the end level comprise overall goals for mathematics education. Some might describe these as the final outcome of mathematics education in compulsory education. The content categorised as belonging to the aim level typically comprises goals describing general mathematical competences that do not belong to specific mathematical content, such as communicating mathematically (Niss & Højgaard, 2011). The third level, the objective level, covers goals describing the mathematical content to be learned. This level comprises content strands or topic lists that give information about, for instance, what kind of theorems, concepts and procedures students should acquire. Content strands typically found in mathematics curricula include, for instance, algebra and geometry.
Figure 1 displays the outcome of this first analysis: the structure of the Norwegian and Swedish curricula and at what levels goals are defined. In addition, what might be termed the goal definitions in the PISA mathematics framework are included in the goal structure to allow comparison with each of the two national curricula. The Norwegian mathematics curriculum (LK06) consists of a purpose, i.e. an overarching aim of teaching mathematics located at the end level. Descriptions of five basic skills (oral, writing, reading, numeracy and ICT) and how they develop during the teaching and learning of mathematics are goals allocated to the aim level since these describe the competences and activities that are not tied to specific mathematical content. For this analysis, we use the framework for basic skills in numeracy (NDET, 2012) as this framework underlies the mathematics curricula document (Ministry of Education, 2010). Finally, aims at the objective level consist of the content strands that describe the main mathematical domains the students should encounter and topic lists that comprise detailed descriptions (achievement goals) of what students should be able to do at different levels within compulsory school (NDET, 2015a).

Figure 1: Structures of Norwegian and Swedish mathematics curricula and PISA mathematics assessment framework
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The Swedish curriculum includes syllabuses for each subject. The mathematics syllabus contains purposes and overarching aims of teaching mathematics (Skolverket, 2011b) allocated to the end level. In addition, this curriculum document includes a description of five abilities the students should develop within the compulsory mathematics education. These abilities are defined across mathematical content, e.g. communicate mathematically, and describe general mathematical competences. Consequently, these abilities are allocated to the aim level. Finally, content strands describe the mathematical content that students should encounter through classroom activities and knowledge requirements for different grades. These strands and knowledge requirements provide fairly concrete and well defined content to be learned, and as such are allocated to the objective level.
Comparing the structure of the national curricula to the PISA 2012 mathematics framework, both curricula have goals formulated at the end level which provide a contextual description of mathematics, in addition to describing the outcome of the teaching to the society and to the individual. The definition of mathematical literacy in the PISA assessment framework (OECD, 2013b) can also be placed at the end level as it describes the importance of mathematics to the individual as a participant in the society. We will address this level later in this chapter and discuss to what degree the three documents comprise similar purposes for mathematics education.
At the aim level, the two curricula define goals describing general mathematical competences; mathematical problem solving and communicating mathematically are, for instance, included both in the Norwegian basic skills and in the Swedish abilities. The PISA framework covers general mathematical competence in the form of processes and capabilities that resemble those in the national curricula documents. We will discuss these competences in the section on goals at the aim level.
Both curricula define goals at the objective level. Goals at this level provide a more detailed and specific description of the mathematical content that should be learned. The PISA framework includes a description of concrete mathematical content, which comprises four content categories (OECD, 2013b). For each category, the mathematical content students should be able to engage in is described and some examples are provided. This content is allocated to the objective level. The alignment between the PISA content strands and the national curricula content strands will be discussed in the section on objective level goals.
2.5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 
ops/images/f0050-01.jpg
SAILING SHIPS

Ninety-five percent of world trade is moved by
sea, by roughly 50 000 tankers, bulk carriers
and container ships. Most of these ships use
diesel fuel.

© by skysails

Engineers are planning to develop wind
power support for ships. Their proposal is to
attach kite sails to ships and use the wind’s
power to help reduce diesel consumption and
the fuel's impact on the environment.






ops/images/f0048-01.jpg
PISA mathematics
assessment items

Numbers and
algebra in practice

33%

Geometry

15%

9%

and combmatorlcs

34%

8%





ops/images/f0052-01.jpg
Question 3: SAILING SHIPS PM923Q03

Approximately what is the length of
the rope for the kite sail, in order to
pull the ship at an angle of 45° and
be at a vertical height of 150 m, as
shown in the diagram opposite?

Note: Drawing notto scale.
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Question 1: SAILING SHIPS P923Q01

One advantage of using a kite sail is that it flies at a height of 150 m. There, the wind
speed is approximately 25% higher than down on the deck of the ship.

At what approximate speed does the wind blow into a kite sail when a wind speed of
24 km/h is measured on the deck of the ship?
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REVOLVING DOOR

A revolving door includes three wings which rotate within a circular-shaped space.
The inside diameter of this space is 2 metres (200 centimetres). The three door
wings divide the space into three equal sectors. The plan below shows (h}e door
wings in three different positions viewed from the top.
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