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Foreword


PISA has long established that disadvantaged students tend to trail behind their privileged peers in their mathematics achievement – even if the achievement gap varies widely across countries. But that left open the question: to what extent can teachers and schools do something about this?

The PISA report, Equations and Inequalities: Making Mathematics Accessible to All, sheds light on this. While education systems have generally done well in providing equitable access to the quantity of mathematics education – in the sense that disadvantaged students spend about the same time in mathematics classes in school as their advantaged peers – the data show large differences in the quality of learning experiences between social groups. These inequalities result in a waste of talent.

While disadvantaged students tend to learn simple facts and figures and are exposed to simple applied mathematics problems, their privileged counterparts experience mathematics instruction that help them think like a mathematician, develop deep conceptual understanding and advanced mathematical reasoning skills.

These differences matter, because greater exposure to pure mathematics tasks and concepts has a strong relationship with higher performance in PISA, and the data suggest that exposing all students to challenging problems and conceptual knowledge in mathematics classes can have a large impact on performance. In addition, the relationship between the content covered during mathematics instruction at school and the socio-economic profile of students and schools is stronger in countries that track students early into different study programmes, that have larger percentages of students in selective schools, and that transfer less-able students to other schools.

On the one hand, the findings from this report are disappointing, in the sense that they show that mathematics education often reinforces, rather than moderates, inequalities in education. On the other hand, they show that high-quality mathematics education, and thus education policy and practice, are an essential part of the solution to redressing social inequality. Policy makers can develop more ambitious and coherent mathematics standards that cover core mathematical ideas in depth, increase connections between topics and align instructional systems with these standards. They can also reduce tracking and stratification and/or moderate their effects. Teachers can help students acquire higher-order mathematics knowledge and skills by replacing routine tasks with challenging open problems, support positive attitudes towards mathematics, provide students with multiple opportunities to learn key concepts at different levels of difficulty, and offer tailored support to struggling students. Parents’ expectations and attitudes towards mathematics matter too. And we can all do much better in monitoring and analysing not just students’ learning outcomes, but students’ opportunity to learn.
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Director for Education and Skills
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Executive Summary
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With numeracy skills needed more than ever in the work place, today’s students must be able to compute fluently, engage in logical reasoning and use mathematics to tackle novel problems. However, PISA 2012 results show that only a minority of 15-year-old students in most countries grasp and can work with core mathematics concepts. On average, less than 30% of students across OECD countries understand the concept of an arithmetic mean, while less than 50% of students can work with the concept of a polygon.

“Opportunity to learn” refers to the content taught in the classroom and the time a student spends learning this content. Not all students, not even those in the same school, experience equal opportunities to learn. Reducing inequalities in access to mathematics is not an impossible task. PISA results show that performance disparities between socio-economically advantaged and disadvantaged students are largely linked to differences in students’ familiarity with mathematics. Thus, raising disadvantaged students’ opportunities to learn mathematics concepts and processes may help reduce inequalities and improve the average level of performance. This objective can be achieved through a more focused and coherent curriculum, a thorough evaluation of the effects of policies and practices that sort students by ability, and stronger support for teachers who teach heterogeneous classes.



Tracking and ability grouping affect students’ exposure to mathematics and teachers’ practices


Across OECD countries, socio-economic differences among students and schools account for around 9% – and in some countries, as much as 20% – of the variation in familiarity with mathematics concepts. Certain system-level policies, such as between-school tracking, academic selectivity or transferring students from one school to another because of low achievement or poor behaviour, are also associated with more unequal access to mathematics content. PISA 2012 results show that, across OECD countries, around 54% of the international differences in the impact of students’ and schools’ socio-economic status on students’ familiarity with mathematics are explained by system-level differences in the age at which students are tracked into vocational or academic programmes.

Some countries have replaced between-school tracking with ability grouping within schools. Across OECD countries, more than 70% of students attend schools whose principal reported that students are grouped by ability for mathematics classes. But this type of ability grouping can reduce opportunities to learn for disadvantaged students just as much as between-school tracking does.

Postponing between-school tracking and reducing ability-grouping can reduce the influence of socio-economic status on students’ opportunities to learn but it has an impact on teachers: they must be prepared to teach more heterogeneous classes. Teachers are generally committed to providing equal education opportunities: across OECD countries, about 70% of students attend schools where teachers believe it is best to adapt academic standards to the students’ levels and needs. However, adapting instruction to each student’s skills and needs while advancing learning for all students in the classroom is not easy. Teachers need more support to use pedagogies, such as flexible grouping or co-operative learning strategies, that increase learning opportunities for all students in mixed-ability classes.





Exposure to mathematics concepts and procedures matters for performance, but is not sufficient for higher-order thinking skills


PISA data confirm previous evidence that the effectiveness of instruction time closely depends on the quality of the disciplinary climate in the classroom. But, more than the amount of time, the content of instruction matters for performance.

Greater exposure to pure mathematics tasks and concepts (such as linear and quadratic equations) has a strong relationship with higher performance in PISA, even after accounting for the fact that better-performing students may attend schools that offer more mathematics instruction. In contrast, exposure to simple applied mathematics problems (such as working out from a train timetable how long it would take to get from one place to another) has a weaker relationship with student performance. This suggests that simply including some references to the real-world in mathematics instruction does not automatically transform a routine task into a good problem. Using well-designed, challenging problems in mathematics classes can have a large impact on students’ performance.

The mastery of core concepts and procedures is a necessary component of mathematics learning, but is hardly sufficient for solving the most complex problems. PISA data show that frequent exposure to equations and formulas can make a difference to students tackling tasks that state the main terms of the problem and that require students to apply procedures they learned at school. But exposure to these procedures does not necessarily teach students how to think and reason mathematically. Introducing problem-solving strategies – such as teaching students how to question, make connections and predictions, conceptualise and model complex problems – requires time and is more challenging in disadvantaged schools. Restructured textbooks, teaching materials and dedicated training can help minimise the time needed to incorporate these teaching practices into an already full schedule.





Exposure to complex mathematics can influence students’ attitudes


Exposure to relatively complex mathematics topics may undermine the self-beliefs of students who do not feel up to the task, while at the same time improving the attitudes and self-beliefs of those who are relatively well-prepared and ready to be challenged. On average across OECD countries, exposure to more complex mathematics concepts is associated with lower self-concept/higher anxiety among low-performing students, and with higher self-concept/lower anxiety among high-performing students. PISA finds that practices such as encouraging students to work in small groups, providing extra help to students when they need it, or reducing the mismatch between what is taught and what is assessed can improve students’ self-beliefs and problem-solving skills. The data also show that students become more engaged with mathematics when they use computers in class. Moreover teachers can work with parents to improve students’ attitudes towards mathematics, as PISA data suggest that parents can unknowingly transmit mathematics anxiety to their children.

The statistical data for Israel are supplied by and under the responsibility of the relevant Israeli authorities. The use of such data by the OECD is without prejudice to the status of the Golan Heights, East Jerusalem and Israeli settlements in the West Bank under the terms of international law.


	Table 0.1. [Part 1/2] SNAPSHOT OF OPPORTUNITIES TO LEARN MATHEMATICS
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Notes: The index of exposure to applied mathematics refers to student-reported experience with applied tasks at school, such as working out from a train timetable how long it would take to get from one place to another.

The index of exposure to pure mathematics measures student-reported experience with mathematics tasks at school requiring knowledge of algebra (linear and quadratic equations).

The OECD average of the time spent per week in regular school lessons in mathematics in 2012 is based on all OECD countries. The corresponding OECD average reported in Table 1.6 is based on the OECD countries that participated in both PISA 2003 and PISA 2012.

Statistically significant values are indicated in bold.

Countries/economies are ranked in descending order of the time spent in regular mathematics lessons.



	
Source: OECD, PISA 2012 Database, Tables 1.6, 1.9a and 1.9b.



	StatLinkhttp://dx.doi.org/10.1787/888933377644






	Table 0.1. [Part 2/2] SNAPSHOT OF OPPORTUNITIES TO LEARN MATHEMATICS
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1. Note by Turkey: The information in this document with reference to “Cyprus” relates to the southern part of the Island. There is no single authority representing both Turkish and Greek Cypriot people on the Island. Turkey recognises the Turkish Republic of Northern Cyprus (TRNC). Until a lasting and equitable solution is found within the context of the United Nations, Turkey shall preserve its position concerning the “Cyprus issue”. Note by all the European Union Member States of the OECD and the European Union: The Republic of Cyprus is recognised by all members of the United Nations with the exception of Turkey. The information in this document relates to the area under the effective control of the Government of the Republic of Cyprus.



	
Notes: The index of exposure to applied mathematics refers to student-reported experience with applied tasks at school, such as working out from a train timetable how long it would take to get from one place to another.

The index of exposure to pure mathematics measures student-reported experience with mathematics tasks at school requiring knowledge of algebra (linear and quadratic equations).

The OECD average of the time spent per week in regular school lessons in mathematics in 2012 is based on all OECD countries. The corresponding OECD average reported in Table 1.6 is based on the OECD countries that participated in both PISA 2003 and PISA 2012.

Statistically significant values are indicated in bold.

Countries/economies are ranked in descending order of the time spent in regular mathematics lessons.



	
Source: OECD, PISA 2012 Database, Tables 1.6, 1.9a and 1.9b.



	StatLinkhttp://dx.doi.org/10.1787/888933377644






	Table 0.2. [Part 1/2] SNAPSHOT OF FAMILIARITY WITH MATHEMATICS
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1. See note 1 under Snapshot Table0.1 [Part 2/2].



	
Note: The index of familiarity with mathematics is based on students’ responses to 13 items measuring students’ self-reported familiarity with mathematics concepts (such as exponential function, divisor, quadratic function, etc.).

Countries/economies are ranked in descending order of the index of familiarity with mathematics.



	
Source: OECD, PISA 2012 Database, Tables 1.7 and 1.8.



	StatLinkhttp://dx.doi.org/10.1787/888933377650






	Table 0.2. [Part 2/2] SNAPSHOT OF FAMILIARITY WITH MATHEMATICS
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Note: The index of familiarity with mathematics is based on students’ responses to 13 items measuring students’ self-reported familiarity with mathematics concepts (such as exponential function, divisor, quadratic function, etc.).

Countries/economies are ranked in descending order of the index of familiarity with mathematics.



	
Source: OECD, PISA 2012 Database, Tables 1.7 and 1.8.



	StatLinkhttp://dx.doi.org/10.1787/888933377650






	Table 0.3. [Part 1/2] SNAPSHOT OF VARIATION IN OPPORTUNITIES TO LEARN MATHEMATICS, BY CHARACTERISTICS OF STUDENTS AND SCHOOLS
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Notes: The index of familiarity with mathematics is based on students’ responses to 13 items measuring students’ self-reported familiarity with mathematics concepts (such as exponential function, divisor, quadratic function, etc.).

The index of exposure to applied mathematics measures student-reported experience with applied mathematics tasks at school, such as working out from a train timetable how long it would take to get from one place to another.

The index of exposure to pure mathematics measures student-reported experience with mathematics tasks at school requiring knowledge of algebra (linear and quadratic equations).

Statistically significant values are indicated in bold.

Countries/economies are ranked in descending order of the percentage of variation in familiarity with mathematics explained by students’ and schools’ socio-economic profile.



	
Source: OECD, PISA 2012 Database, Tables 2.2, 2.3, 2.4a and 2.10.



	StatLinkhttp://dx.doi.org/10.1787/888933377666






	Table 0.3. [Part 2/2] SNAPSHOT OF VARIATION IN OPPORTUNITIES TO LEARN MATHEMATICS, BY CHARACTERISTICS OF STUDENTS AND SCHOOLS
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1. See note 1 under Snapshot Table0.1 [Part 2/2].



	
Notes: The index of familiarity with mathematics is based on students’ responses to 13 items measuring students’ self-reported familiarity with mathematics concepts (such as exponential function, divisor, quadratic function, etc.).

The index of exposure to applied mathematics measures student-reported experience with applied mathematics tasks at school, such as working out from a train timetable how long it would take to get from one place to another.

The index of exposure to pure mathematics measures student-reported experience with mathematics tasks at school requiring knowledge of algebra (linear and quadratic equations).

Statistically significant values are indicated in bold.

Countries/economies are ranked in descending order of the percentage of variation in familiarity with mathematics explained by students’ and schools’ socio-economic profile.



	
Source: OECD, PISA 2012 Database, Tables 2.2, 2.3, 2.4a and 2.10.



	StatLinkhttp://dx.doi.org/10.1787/888933377666






	Table 0.4. [Part 1/2] SNAPSHOT OF VARIATION IN FAMILIARITY WITH MATHEMATICS, BY STUDENTS’ SOCIO-ECONOMIC STATUS
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1. See note 1 under Snapshot Table0.1 [Part 2/2].



	
Note: Statistically significant values are indicated in bold.

Countries/economies are ranked in descending order of the difference in the percentage of students who know well/understand the concept of arithmetic mean between socio-economically advantaged and disadvantaged students.



	
Source: OECD, PISA 2012 Database, Table 2.4b.



	StatLinkhttp://dx.doi.org/10.1787/888933377670






	Table 0.4. [Part 2/2] SNAPSHOT OF VARIATION IN FAMILIARITY WITH MATHEMATICS, BY STUDENTS’ SOCIO-ECONOMIC STATUS
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Note: Statistically significant values are indicated in bold.

Countries/economies are ranked in descending order of the difference in the percentage of students who know well/understand the concept of arithmetic mean between socio-economically advantaged and disadvantaged students.



	
Source: OECD, PISA 2012 Database, Table 2.4b.



	StatLinkhttp://dx.doi.org/10.1787/888933377670






	Table 0.5. [Part 1/2] SNAPSHOT OF THE RELATIONSHIP BETWEEN OPPORTUNITY TO LEARN AND HORIZONTAL STRATIFICATION
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1. See note 1 under Snapshot Table0.1 [Part 2/2].



	
Countries/economies are ranked in descending order of the percentage of students in vocational programmes.



	
Source: OECD, PISA 2012 Database, Tables 2.16, 2.17 and 2.19a.



	StatLinkhttp://dx.doi.org/10.1787/888933377680






	Table 0.5. [Part 2/2] SNAPSHOT OF THE RELATIONSHIP BETWEEN OPPORTUNITY TO LEARN AND HORIZONTAL STRATIFICATION
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Countries/economies are ranked in descending order of the percentage of students in vocational programmes.



	
Source: OECD, PISA 2012 Database, Tables 2.16, 2.17 and 2.19a.



	StatLinkhttp://dx.doi.org/10.1787/888933377680






	Table 0.6. [Part 1/2] SNAPSHOT OF THE RELATIONSHIP BETWEEN OPPORTUNITY TO LEARN AND MATHEMATICS PERFORMANCE
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Notes: The index of exposure to applied mathematics measures student-reported experience with applied mathematics tasks at school, such as working out from a train timetable how long it would take to get from one place to another.

The index of exposure to pure mathematics measures student-reported experience with mathematics tasks at school requiring knowledge of algebra (linear and quadratic equations).

The index of familiarity with mathematics is based on students’ responses to 13 items measuring students’ self-reported familiarity with mathematics concepts (such as exponential function, divisor, quadratic function, etc.).

Macao-China and Hong-Kong China are the only two economies where disadvantaged students report a higher familiarity with mathematics than advantaged students. In these two economies, eliminating the difference in familiarity between advantaged and disadvantaged students would increase the performance gap of disadvantaged students. This explains why the graph reports negative percentages for these two economies.

Statistically significant values are indicated in bold.

Countries/economies are ranked in descending order of the score-point difference in mathematics performance associated with a one-unit increase in familiarity with mathematics.



	
Source: OECD, PISA 2012 Database, Tables 3.2a, 3.7 and 3.16.



	StatLinkhttp://dx.doi.org/10.1787/888933377691






	Table 0.6. [Part 2/2] SNAPSHOT OF THE RELATIONSHIP BETWEEN OPPORTUNITY TO LEARN AND MATHEMATICS PERFORMANCE
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1. See note 1 under Snapshot Table0.1 [Part 2/2].



	
Notes: The index of exposure to applied mathematics measures student-reported experience with applied mathematics tasks at school, such as working out from a train timetable how long it would take to get from one place to another.

The index of exposure to pure mathematics measures student-reported experience with mathematics tasks at school requiring knowledge of algebra (linear and quadratic equations).

The index of familiarity with mathematics is based on students’ responses to 13 items measuring students’ self-reported familiarity with mathematics concepts (such as exponential function, divisor, quadratic function, etc.).

Macao-China and Hong-Kong China are the only two economies where disadvantaged students report a higher familiarity with mathematics than advantaged students. In these two economies, eliminating the difference in familiarity between advantaged and disadvantaged students would increase the performance gap of disadvantaged students. This explains why the graph reports negative percentages for these two economies.

Statistically significant values are indicated in bold.

Countries/economies are ranked in descending order of the score-point difference in mathematics performance associated with a one-unit increase in familiarity with mathematics.



	
Source: OECD, PISA 2012 Database, Tables 3.2a, 3.7 and 3.16.



	StatLinkhttp://dx.doi.org/10.1787/888933377691






	Table 0.7. [Part 1/2] SNAPSHOT OF THE RELATIONSHIP BETWEEN OPPORTUNITY TO LEARN AND STUDENTS’ ATTITUDES TOWARDS MATHEMATICS
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1. See note 1 under Snapshot Table0.1 [Part 2/2].



	
Notes: The index of familiarity with mathematics is based on students’ responses to 13 items measuring students’ self-reported familiarity with mathematics concepts (such as exponential functions, divisor, quadratic function, etc.).

The index of mathematics self-concept is based on the degree to which students agreed with the statements: “I’m just not good in mathematics”; “I get good grades in mathematics”; “I learn mathematics quickly”; “I have always believed that mathematics is one of my best subjects”; and “In my mathematics class, I understand even the most difficult work”.

The index of mathematics anxiety is based on the degree to which students agreed with the statements: “I often worry that it will be difficult for me in mathematics classes”; “I get very tense when I have to do mathematics homework”; “I get very nervous doing mathematics problems”; “I feel helpless when doing a mathematics problem”; and “I worry that I will get poor marks in mathematics”.

The OECD average of the percentage of students who agreed or strongly agreed with the statement “I do mathematics because I enjoy it” is based on all OECD countries. The corresponding OECD average reported in Table 4.1 is based on the OECD countries that participated in both PISA 2003 and PISA 2012.

Statistically significant values are indicated in bold.

Countries/economies are ranked in descending order of the change in mathematics self-concept associated with a one-unit increase in familiarity with mathematics after accounting for performance in mathematics.



	
Source: OECD, PISA 2012 Database, Tables 4.1, 4.2, 4.3, 4.6 and 4.9.



	StatLinkhttp://dx.doi.org/10.1787/888933377700






	Table 0.7. [Part 2/2] SNAPSHOT OF THE RELATIONSHIP BETWEEN OPPORTUNITY TO LEARN AND STUDENTS’ ATTITUDES TOWARDS MATHEMATICS
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Notes: The index of familiarity with mathematics is based on students’ responses to 13 items measuring students’ self-reported familiarity with mathematics concepts (such as exponential functions, divisor, quadratic function, etc.).

The index of mathematics self-concept is based on the degree to which students agreed with the statements: “I’m just not good in mathematics”; “I get good grades in mathematics”; “I learn mathematics quickly”; “I have always believed that mathematics is one of my best subjects”; and “In my mathematics class, I understand even the most difficult work”.

The index of mathematics anxiety is based on the degree to which students agreed with the statements: “I often worry that it will be difficult for me in mathematics classes”; “I get very tense when I have to do mathematics homework”; “I get very nervous doing mathematics problems”; “I feel helpless when doing a mathematics problem”; and “I worry that I will get poor marks in mathematics”.

The OECD average of the percentage of students who agreed or strongly agreed with the statement “I do mathematics because I enjoy it” is based on all OECD countries. The corresponding OECD average reported in Table 4.1 is based on the OECD countries that participated in both PISA 2003 and PISA 2012.

Statistically significant values are indicated in bold.

Countries/economies are ranked in descending order of the change in mathematics self-concept associated with a one-unit increase in familiarity with mathematics after accounting for performance in mathematics.



	
Source: OECD, PISA 2012 Database, Tables 4.1, 4.2, 4.3, 4.6 and 4.9.



	StatLinkhttp://dx.doi.org/10.1787/888933377700










Reader’s Guide




Data underlying the figures


The data tables are listed in Annex A and available on line at www.oecd.org/pisa.

Four symbols are used to denote missing data:

a The category does not apply in the country concerned. Data are therefore missing.

c There are too few observations or no observation to provide reliable estimates (i.e. there are fewer than 30 students or less than five schools with valid data).

m Data are not available. These data were not submitted by the country or were collected but subsequently removed from the publication for technical reasons.

w Data have been withdrawn or have not been collected at the request of the country concerned.






Country coverage


This publication features data on 64 countries and economies: 34 OECD countries (indicated in black in the figures) and 30 partner countries and economies (indicated in blue in the figures).





Calculating international averages


An OECD average was calculated for most indicators presented in this report. In most tables, the OECD average corresponds to the arithmetic mean of the respective country estimates. In cases where the OECD average is computed so as to be consistent across different categories within a table, this is indicated in a note at the bottom of the table.





Rounding figures


Because of rounding, some figures in tables may not exactly add up to the totals. Totals, differences and averages are always calculated on the basis of exact numbers and are rounded only after calculation. All standard errors in this publication have been rounded to one or two decimal places (i.e. the value 0.00 does not imply that the standard error is zero, but that it is smaller than 0.005).





Bolding of estimates


This report discusses only statistically significant differences or changes (statistical significance at the 5% level). These are denoted in darker colours in figures and in bold in tables.





Reporting student data


The report uses “15-year-olds” as shorthand for the PISA target population. PISA covers students who are aged between 15 years 3 months and 16 years 2 months at the time of assessment and who have completed at least 6 years of formal schooling, regardless of: the type of institution in which they are enrolled; whether they are in full-time or part-time education; whether they attend academic or vocational programmes; and whether they attend public, private or foreign schools within the country.





Reporting school data


The principals of the schools in which students were assessed provided information on their schools’ characteristics by completing a school questionnaire. Where responses from school principals are presented in this publication, they are weighted so that they are proportionate to the number of 15-year-olds enrolled in the school.





Indices used in this report


Some analyses in this report are based on synthetic indices. Indices from student and school questionnaires summarise information from several related questionnaire responses into a single global measure. The construction of the following indices is detailed in the PISA 2012 Technical Report (OECD, 2014):


	Index of exposure to applied mathematics


	Index of exposure to pure mathematics


	Index of familiarity with mathematics


	Index of instrumental motivation


	Index of intrinsic motivation


	Index of mathematics anxiety


	Index of mathematics self-concept


	Index of disciplinary climate


	PISA index of economic, social and cultural status (ESCS)








Categorising student performance


This report uses a shorthand to describe students’ levels of proficiency in the subjects assessed by PISA:


	Top performers are those students proficient at Level 5 or 6 of the assessment.


	Low performers are those students proficient at or below Level 1 of the assessment.


	Highest achievers are those students who perform at or above the 90th percentile in their own country/economy.


	Lowest achievers are those students who perform below the 10th percentile in their own country/economy.








Categorising students and schools according to their socio-economic profile



	Socio-economically advantaged students are those students whose value of the PISA index of economic, social and cultural status (ESCS) is at or above the 75th percentile in their own country/economy.


	Socio-economically disadvantaged students are those students whose value of the PISA index of economic, social and cultural status (ESCS) is below the 25th percentile in their own country/economy.


	Socio-economically advantaged schools are those schools whose average value of the PISA index of economic, social and cultural status (ESCS) is significantly higher than the average in their own country/economy.


	Socio-economically disadvantaged schools are those schools whose average value of the PISA index of economic, social and cultural status (ESCS) is significantly lower than the average in their own country/economy.








Categorising students and schools according to their familiarity with mathematics



	Students who are more familiar with mathematics are those students whose value of the index of familiarity with mathematics is at or above the 75th percentile in their own country/economy.


	Students who are less familiar with mathematics are those students whose value of the index of familiarity with mathematics is below the 25th percentile in their own country/economy.


	Schools where students are more familiar with mathematics are those schools whose average value of the index of familiarity with mathematics is significantly higher than the average in their own country/economy.


	Schools where students are less familiar with mathematics are those schools whose average value of the index of familiarity with mathematics is significantly lower than the average in their own country/economy.








Abbreviations used in this report











	
% dif.


	
Percentage-point difference


	
S.E.


	
Standard error





	
Dif.


	
Difference


	
OTL


	
Opportunity to Learn





	
ESCS


	
PISA index of economic, social and cultural status


	



	






	
ISCED


	
International Standard Classification of Education


	



	















Further documentation


For further information on the PISA assessment instruments and the methods used in PISA, see the PISA 2012 Technical Report (OECD, 2014).





StatLinks


This report uses the OECD StatLinks service. Below each table and chart is a url leading to a corresponding ExcelTM workbook containing the underlying data. These urls are stable and will remain unchanged over time. In addition, readers of the e-books will be able to click directly on these links and the workbook will open in a separate window, if their Internet browser is open and running.





Note regarding Israel


The statistical data for Israel are supplied by and under the responsibility of the relevant Israeli authorities. The use of such data by the OECD is without prejudice to the status of the Golan Heights, East Jerusalem and Israeli settlements in the West Bank under the terms of international law.
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OECD (2014), PISA 2012 Technical Report, PISA, OECD, Paris, www.oecd.org/pisa/pisaproducts/PISA-2012-technical-report-final.pdf.








Chapter 1. Why Access to Mathematics Matters and How it Can be Measured1



This chapter discusses the importance of mathematics knowledge for acquiring numeracy skills and developing problem-solving abilities. It presents the concept of “opportunity to learn” and argues that measuring opportunity to learn is of critical importance for international comparisons of curricula and student performance. An overview of the data on opportunity to learn in PISA 2012 shows that education systems differ greatly in the degree to which students are exposed to mathematics concepts and also in the way mathematics problems are formulated and presented to students.




[image: graphic]


The teacher of mathematics has a great opportunity. If he fills his allotted time with drilling his students with routine operations he kills their interest, hampers their intellectual development, and misuses his opportunity. But if he challenges the curiosity of his students by setting them problems proportionate to their knowledge, and helps them to solve their problems with stimulating questions, he may give them a taste for, and some means of, independent thinking (Polya, 1973).

Countries repeatedly reform their mathematics curricula to make sure they are relevant to students and societies (Cai and Ni, 2011; Usiskin and Willmore, 2008). Over time, reforms have been based on various factors, including on two observations: both national and international assessments proved that too many students were completing compulsory schooling without being able to use basic mathematics; and the evidence often showed that disadvantaged students were relegated to mathematics courses that were poorer in content and quality – a violation of the principle that all students should be exposed to high-quality instruction.




What the data tell us



	Numeracy skills are used daily in many jobs and are important for a wide range of outcomes in adult life, from successful employment to good health and civic participation.


	In 2012, the average 15-year-old student in an OECD country spent 3 hours and 32 minutes per week in regular mathematics lessons at school; 13 minutes more per week than the average student did in 2003.


	On average across OECD countries, less than 30% of students reported to know well the concept of arithmetic mean; less than 50% of students reported to know well the concepts of polygon and divisor.


	There are large international differences in students’ average familiarity with algebraic and geometric concepts. Students in Macao-China reported the most familiarity with algebraic concepts, while students in Shanghai-China had the most familiarity with geometric concepts.


	There is only a weak correlation between students’ exposure to applied mathematics and to pure mathematics at the system level, suggesting that the two methods of instruction rarely complement each other.







International data on students’ classroom experiences with mathematics are illuminating because they show that policy makers and experts in charge of reform tend to think about mathematics differently than students do (Schoenfeld, 1983; Brown et al., 2008). For the skilled mathematician, solving a mathematics problem is an exciting process of discovery and mental training; for many students towards the end of compulsory education, mathematics is a well-defined set of facts that must be rehearsed until it is learned (Echazarra et al., 2016).

Notwithstanding the good intentions of mathematics teachers, weaker students who are underexposed to the practice of mathematics problem-solving – in many cases, these are students from disadvantaged families – never get an opportunity to develop a “taste for, and some means of, independent thinking” (Polya, 1973). Given the importance of mathematics reasoning for life, mathematics curricula need to be enriching and challenging also for those students who do not plan to continue their formal education after compulsory schooling and for those who have fallen behind, in knowledge and self-confidence, since primary school.




What these results mean for policy



	All students need mathematics for their adult life. Reducing socio-economic inequalities in access to mathematics content is thus an important policy lever for increasing social mobility.


	In many countries, the small share of students who reported that they know well and understand basic concepts signals the need to increase the effectiveness of mathematics teaching by focusing on key mathematics ideas and making more connections across topics.


	The large differences between the intended, the implemented and the achieved curriculum suggest the importance of regularly collecting data on students’ exposure to mathematics content.


	International comparisons of curriculum standards, frameworks and teaching material can help countries to design reforms that increase the coherence of the mathematics curriculum.







Achieving equitable opportunities to learn involves not only the content and flexibility of the curriculum, but also how students from different socio-economic backgrounds progress through the system, how well learning materials match students’ skills, and how teachers understand and manage the learning needs of diverse students. No matter how detailed and flexible the curriculum might be, mathematics teachers need to make difficult trade-offs to design mathematics lessons that are both accessible to weak students and challenging to bright ones.

This report uses data from PISA 2012 to describe students’ opportunity to learn mathematics, including mathematics instruction time and the mathematics content to which students are exposed. It illustrates how students’, schools’ and...
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OECD average 38.1 573 59.5 0.10 -0.10 -0.12 0.07
Hungar 27.5 58,7 62.0 0.12 -0.08 -0.20 0.03.
Slovenia 27.1 54.7 61.3 0.14 -0.08 -0.13 0.03.
Qatar 53.2 68.6 0.02 -0.08 -0.15 0.00
Latvia 38.6 59.1 0.06 -0.08 -0.13 -0.02
Indonesia 39.0 76.7 -0.08 -0.08 -0.05 0.01
Japan 30.8 45.9 70.4 0.02 -0.09 -0.02 0.07
Ireland 37.0 69.8 0.11 -0.09 -0.14 0.06
Australia 39.0 59.7 0.19 -0.11 -0.18 0.08
Canada 36.6 59.6 0.15 -0.11 -0.17. 0.06
Croatia 20.9 55.1 66.4 0.12 -0.11 -0.14 0.09
United States 36.6 0.12 -0.11 -0.16 0.08
Poland 36.1 46.3 57.4 0.19 -0.11 -0.22 0.08
Finland 28.8 58.6 0.14 -0.12 -0.11 0.07
Chile 40.1 72.3 0.10 -0.12 -0.09 0.04
Estonia 38.1 50.5 0.07 -0.12 -0.18 0.01
France 51.7 64.5 0.14 -0.12 -0.06 0.12
Netherlands 32.4 0.01 -0.12 -0.05 0.08
Belgium 28.8 58.2 0.04 -0.12 -0.02 0.14
New Zealand 38.2 59.0 62.1 0.11 -0.12 -0.16 0.09
United Kingdom 0.12 -0.13 -0.14 0.09
Denmark 0.09 -0.13 -0.14 0.07
Slovak Republic 279! 46.8 57.6 0.05. -0.13 -0.10 0.11
Uruguay 47.2 76.7. 0.06 -0.13 -0.12 0.07
Czech Republic 303 57.6 0.10 -0.13 -0.08 0.12
Sweden 37.0 0.09 -0.13 -0.11 0.09
Argentina 379 37.8 80.0 -0.06 -0.14 -0.08 0.00
Lithuania 53.4 57.4 0.07. -0.14 -0.17. 0.01
Luxembourg 353 0.00 -0.15 -0.09 0.09
Switzerland 0.05. -0.16 -0.09 0.13
German 39.0 0.04 -0.24 -0.11 0.17
Austria 23.8 -0.01 -0.25 -0.02 0.22
chtenstein -0.10 -0.32 0.02 0.25
Norway 32.2 57.0 m m m m
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Change in the index of mathematics self-concept/anxiety
associated with a one-unit increase in the index of familiarity
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because | | notgoodat | inmathematics | performance in | performance | performancein | performance

enjoyit” | mathematics” classes” mathematics | in mathematics | mathematics | inmathematics

% % % index change | Index change | Index change | Index change
OECD average 38.1 573 59.5 0.10 -0.10 -0.12
Albania 39.4 66.8 0.1 0.11 -0.26
Korea 307 426 76.9 0.29 0.04 -0.14
Serbia 26.8 52.1 62.6. 0.19 0.03. -0.24
Jordan 48.9 77.5. 0.13 0.03. -0.09
Singapore 60.7. 0.17. 0.03. -0.22
Chinese Taipei 399 75! 0.25 0.02 -0.12
Turke: 47.6 66.7 0.12 0.01 -0.18
United Arab Emirates 68.1 0.11 0.01 -0.21
Viet Nam 72.1 0.07 0.00 -0.08
Hong Kong-China 50.1 68.9 0.06 0.00 -0.10
Peru 5ilt2 729 0.09 0.00 -0.12
Israel 39.8 66.6 0.08 0.00 -0.07
Malaysia 48.3 76.6 0.05 -0.01 -0.08
Romania 48.9 76.8 0.03 -0.02 -0.14
Russian Federation 57.7 57.8 0.09 -0.02 -0.11
Colombia 565 64.4 0.09 -0.03 -0.14
Montenegro 34.0 51.8 65.0 0.10 -0.03 -0.13
Spain 37.0 50.5 68.0 0.14 -0.03 -0.08
Italy 52.8 73.2 0.16 -0.03 -0.10
Mexico 47.0 75 0.07 -0.04 -0.07
Iceland 0.18 0.04 -0.24
Cyprus' 68.0 0.08 -0.04 -0.11
Shanghai-China 53.1 0.06 -0.04 -0.11
Bulgaria 39.2 43.7 70.2. 0.04 -0.04 -0.15
Tunisia 45.2 79.4 0.02 -0.05 0.01
Costa Rica 55.8 72.4 0.07 -0.05 -0.05
Macao-China 51.6 70.4 0.04 -0.05 -0.08
Portugal 51.5. 69.7 0.17 -0.05 -0.11
Brazil 44.0 714 0.05 -0.06 -0.14
Greece 56.5 72 0.07 -0.06 -0.10
Thailand 24.2 73.0 -0.03 -0.07. -0.04
Kazakhstan -0.02 -0.07 -0.05
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Performance in mathematics, by content area

Score-point difference in mathematics
performance associated with a one-unit
increase in the index of:

Percentage of
the difference
in mathematics
performance between
socio-economically
disadvantaged and
advantaged students
associated with

Exposure | Exposure | Familiarity | different levels of
Change and Space and | Uncertainty | to applied | to pure with familiarity with
relationships | Quantity | shape | and data | mathematics | mathematics | mathematics | mathematics
Mean Score-point | Score-point | Score-point

Mean score | score | Mean score| Mean score | change change change %
OECD average 493 495 490 493 9 30 a1 188
Turkey 48 42 443 447 £ 29 38 9.6
Lithuania 479 483 472 474 3 33 36 97
Japan 24 34 36 132
Tndonesia 364 362 383 384 6 13 36 49
United Arab 442 31 25 32 10 36 36 29
Emirates
Bulgaria 34 443 442 432 3 28 35 3.7
Shanghai-China 5 2 35 1.0
Iceland 487 496 489 496 2 31 34 8.6
Spain 482 491 477 487 4 24 34 231
Finland 24 31 34 113
Colombia 357 375 369 388 7 15 34 9.8
Tsrael 462 480 449 465 e 29 32 74
Russian 491 478 496 463 4 29 32 44
Federation
Montenegro 399 409 412 415 5 2 30 5.8
Greece 446 455 436 460 10 25 29 9.4
Viet Nam 2 25 29 79
Latvia 496 487 478 7 29 28 87
Estonia 7 16 28 5.1
Malaysia 401 409 434 422 16 40 27 36
Denmark 494 2 7 26 71
Mexico 405 414 413 413 5 21 26 7.0
Jordan 387 367 385 394 8 28 2 5.8
Cyprus’ 440 439 436 42 8 32 2 2
Macao-China 3 17 23 210
Costa Rica 402 406 397 414 3 6 23 76
Romania 446 443 447 437 1 21 23 il
Argentina 379 391 385 389 2 7 21 8.2
Kazakhstan 433 428 450 414 2 19 20 79

5 38 18 60

Tunisia 379 378 382 399 1 2 16 31
Albania 388 386 418 386 B 3 2 m
Norway 478 192 480 497 15 30 m m
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Performance in mathematics, by content area

Score-point difference in mathematics
performance associated with a one-unit
increase in the index of:

Percentage of
the difference
in mathematics
performance between
socio-economically
disadvantaged and
advantaged students
associated with

Exposure | Exposure | Familiarity | different levels of
Change and Space and | Uncertainty | to applied | to pure with familiarity with
relationships | Quantity | shape and data | mathematics | mathematics | mathematics ‘mathematics
Mean Score-point | Score-point | Score-point

Mean score | score | Mean score| Mean score | change change change %
OECD average 493 495 490 493 9 30 41 8.8
Korea 28 61 55 337
New Zealand 499 491 26 a2 55 4.4
Australia 21 37 55 20.7
Chinese Taipei 27 a7 51 22.2
Switzerland 10 36 50 295
Liechtenstein 15 33 29 33.9
Hungary 481 476 474 476 2 28 8 29.0
Singagore 8 44 48 19.1
Germanx 3 35 48 pL ]
Slovenia 4 28 48 192
France 497 496 489 492 20 33 47 213
Italy 477 491 487 482 1 31 47 21.6
Porku;zl 486 481 491 486 8 29 47 26.3
Netherlands 2 44 46 225
Croatia 468 480 460 468 10 26 45 233
United States 488 478 463 488 13 31 44 27.4
Slovak Republic 474 486 490 472 -10 30 43 13.6
United Kingdom 496 494 475 20 32 a3 153
Sweden 469 487 469 483 10 20 a3 49

12 38 a2 282

Austria 8 31 a1 313
Brazil 368 389 378 400 4 9 20 26,5
Peru 349 365 370 373 5 33 ) 193
Poland 2 26 20 4.9
Canada 15 28 20 6.4
Luxembourg 488 495 486 483 10 27 40 17.6
reland 478 16 28 20 122
Qatar 363 371 380 382 2 38 40 193
Chile 411 421 419 430 10 24 39 22.7
Czech Republic 488 -4 26 39 13.6
Thailand 414 419 432 433 12 30 39 259
Serbia 442 456 446 448 -3 17 38 18.7
Uruguay 401 411 413 407 -8 20 38 15.5
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Percentage of students in vocational schools

Percentage of students in schools with ability
grouping for some or all classes

Students Students in

Socio- Students in soci schools with

Age at economically | who are less economically overall less

first disadvantaged | familiar with disadvantaged | familiarity with
tracking All students students mathematics | All students schools mathematics
Years % % %o %o %o %
OECD average 15 14.5 19.8 213 74.1 78.2 94
Israel 15 3.1 T4 23 98.3 98.5 100.0
Chile 16 2.8 43 3.7 64.3 77.1 77.8
United Arab Emirates 15 2.7 1.6 44 86.2 91.9 81.7
Germany 10 2.0 3.3 4.9 68.1 82.5 84.2
Macao-China 15 1.6 3.0 1.8 66.1 56.8 77
Uruguay 11 1.4 2.0 1.9 91.1 93.3 97.0
United Kingdom 16 1.1 1.5 1.4 99.3 99.5 99.6
Latvia 16 0.9 1.2 0.7 82.2 88.4 88.2
Ireland 15 0.8 2.1 1.3 99.2 100.0 100.0
Spain 16 0.7 1.6 1.5 92.4 96.0 94.0
Lithuania 16 0.6 13 1.3 84.1 83.8 96.2
Estonia 15 0.4 1.0 0.0 89.1 82.1 91.5
Sweden 16 0.4 0.1 0.4 84.3 79.0 87.5
Poland 16 0.1 0.0 0.0 57.6 51.6 30.2
Brazil 15 0.0 0.0 0.0 81.6 80.2 83.2
New Zealand 16 0.0 0.0 0.0 98.7 99.4 100.0
Finland 16 0.0 0.0 0.0 64.5 51.6 60.2
Canada 16 0.0 0.0 0.0 92.9 94.6 94.9
Norway 16 0.0 0.0 m 45.8 59.5 m

Romania 14 0.0 0.0 0.0 90.3 86.7 9.7
Iceland 16 0.0 0.0 0.0 87.1 98.2 100.0
Qatar 15 0.0 0.0 0.0 91.6 92.8 93.5
Denmark 16 0.0 0.0 0.0 75.9 772 85.9
Liechtenstein 15 0.0 0.0 0.0 59.9 c 100.0
Jordan 16 0.0 0.0 0.0 81.7 85.3 92.2
Viet Nam 15 0.0 0.0 0.0 83.% 87.9 88.3
United States 16 0.0 0.0 0.0 93.9 94.9 79.9
Singapore 12 0.0 0.0 0.0 97.2 97.9 100.0
Tunisia m 0.0 0.0 0.0 82.3 80.2 100.0
Hong Kong-China 15 0.0 0.0 0.0 91.0 97.7 100.0
Peru 16 0.0 0.0 0.0 86.8 84.4 83.8
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Percentage of students in vocational schools

Percentage of students in schools with ability
grouping for some or all classes

Students Students in

Socio- Students in socio- schools with

Age at economically | who are less economically | overall less

first disadvantaged | familiar with disadvantaged | familiarity with
tracking | All students students mathematics | All students schools mathematics
Years % % % % % %

OECD average 15 14.5 19.8 213 741 78.2 79.1
Serbia m 744 87.9 86.9 94.8 98.3 97.9
Croatia 14 701 89.7 90.4 92.0 99.1 100.0
Austria 10 69.3 79.2 89.5 28.1 62.9 57.9
Montenegro 15 66.0 815 76.6 93.1 95.6 92.9
Slovenia 14 53.2 74.9 74.7 49.5 50.6 38.9
Italy 14 49.6 68.1 65.6 75.9 80.8 80.1
Belgium 12 44.0 64.0 69.6 79.4 87.9 78.3
Bulgaria 13 40.8 55.2 48.6 93.1 91.9 92.9
Turkey 1 38.1 435 55.1 75.8 74.1 88.4
Chinese Taipei 15 345 49.9 41.7 805 83.6 75.9
Czech Republic 1 31.0 33.7 33.7 412 44.6 35.2
Colombia 15 25.2 19.3 17.6 93.6 89.4 944
Mexico 15 25.2 193 215 73.7 78.4 82.7
Japan 15 24.2 363 30.6 63.1 64.5 73.7
Netherlands 12 222 38.5 377 93.6 94.5 95.0
Shanghai-China 15 21.2 295 36.4 94.1 94.2 87.3
Indonesia 15 20.2 18.6 17.1 754 751 86.4
Korea 14 19.9 37.7 34.2 90.1 83.7 77.2
Thailand 15 19.6 21.4 26.0 76.3 69.7 77.7
Portugal 15 16.7 27.9 294 61.7 80.4 74.3
France 15 15.3 232 274 56.2 68.7 74.4
Luxembourg 13 14.5 16.0 14.3 67.9 80.6 86.0
Argentina 15 14.5 16.7 16.0 85.5 87.3 84.1
Hungary 11 14.3 304 317 76.7 72.6 73.9
Greece 15 13.5 225 24.8 18.6 32.0 34.1
Malaysia 15 13.3 13.4 13.8 95.9 97.7 100.0
Australia 16 10.9 14.1 14.1 98.4 99.5 99.4
Cyprus' 15 10.8 203 19.7 50.9 60.8 66.7
Switzerland 12 10.7 10.6 13.4 85.0 92.4 98.8
Costa Rica m 9.1 8.1 5.7 60.4 50.9 47.6
Albania 15 8.4 m 83 99.9 m 100.0
Slovak Republic 1 8.2 13.2 14.6 71.6 70.4 77.7
Kazakhstan m 7.7 8.1 7.6 97.6 100.0 100.0
Russian Federation 15.5 4.1 6.2 4.8 96.0 92.7 100.0
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Countries/economies where familiarity with mathematics is below the OECD average

Countries/economies where familiarity with mathematics is not statistically different from the OECD average

Percentage of students who know well/understand the concept

Arithmetic mean Linear equation Vectors
Socio- Socio- Socio- Socio-
economi- | economi- economi- | Socio- leconomi- | Socio-
cally cally clly | economi- clly | economi-
disadvan- | advan- Difference | disadvan- cally Difference |disadvan- cally Difference
taged taged | (advantaged- | taged |advantaged | (advantaged- | taged |advantaged | (advantaged -
students | students |disadvantaged) | students | students |disadvantaged) | students | students |disadvantaged)
% % % dif. % % % dif. % % % dif.

OECD average 20.4 39.9 19.5 29.9 543 24.5 12.1 29.8 17.7
Indonesia 204 40.2 19.9 14.9 26.9 1.9 8.2 154 72
Thailand 23.6 43.2 19.7 27.8 47.0 19.2 134 24.3
Ireland 123 31.9 19.6 257 51.4 25.7 33 5.1 1.8
Belgium 19.7 39.1 19.3 16.2 2D 1.1 23.0
Japan 17.8 20.6 4.3 14.8 10.5
Iceland 1.7 16.3 5.3 13.9 8.6 2.0 5.4 34
United Kingdom 112 27.6 163 24.2 51.1 26.9 21.2
Jordan 15.0 20.2 142 23.7 9.6
Liechtenstein 4.0 18.8 14.8 34.6 62.6 28.0 18.2 36.3 18.0
Australia 8.4 231 14.6 30.1 33.8 8.7 18.1 9.3
New Zealand 35 17.9 14.5 205 54.3 33.8 5.8 226 16.7
Netherlands 19.3 329 13.7 29.8 59.1 29.3 5.4 12.5 7.2
Chile 121 55 13.2 313 39.1 320
France 17.0 30.1 13.2 54.8 18.5 447
Colombia 13.7 26.1 12.4 19.5 41.8 223 22.0
Luxembourg 6.0 17.8 1.8 16.7 374 207 12.6 32.7
Switzerland 6.4 17.7 1.2 19.3 46.7 275 11.8 26.1 14.3
Montenegro 17.0 28.1 11.1 22.3 21.4
Costa Rica Wl 18.1 104 125 384 259 15.1 21.6
Canada 9.8 19.8 10.0 28.5 8.4 17.9 9.5
Mexico 144 239 9.5 212 42.6 21.4 5.6 174 1.8
Germany 13.5 222 8.8 248 11.6 17.4 5.9
Hong Kong-China 8.2 183 40.8 22.5 8.0 il 13.4
Macao-China 39.5 7.4 03 14.1 28.6 14.5
Qatar 35.8 6.7 30.0 49.1 19.2 30.4 14.7
Finland 1.8 6.4 4.6 223 45.0 22.7 3] 4.3 3.1
Uruguay 3.9 8.2 4.3 16.3 38.5 222 30.6
United Arab Emirates 34 19.9 20.4
Argentina 5.8 89 3.0 17.3 324 15.1 1.2 27.0 15.8
Sweden 2.8 55 2.8 5.6 120 6.4 22 48 2.6
Malaysia 3.8 4.5 0.7 21.8 54.1 324 6.2 17.2 11.0
Norway m m m m m m m m m






OEBPS/images/graphics/t1-4a.jpg
Countries/economies where familiarity with mathematics is above the OECD average

Countries/economies where familiarity with mathematics is below the OECD average
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Arithmetic mean Linear equation Vectors
Socio- | Socio- Socio- Socio-
economi- | economi- economi- economi- | Socio-
cally ally ally clly | economi-
disadvan- | advan- | Difference | disadvan- Difference  |disadvan-|  cally Difference
taged | taged | (advantaged- | taged |advantaged | (advantaged- | taged |advantaged | (advantaged -
students | students |disadvantaged) | students | students | disadvantaged) | students | students |disadvantaged)
% dif. % % dif. % % % dif.
OECD average 204 399 195 209 543 245 121 208 17.7
Bulgaria 317 725 408 35.8 753 395 197 607 410
Romania 369 747 37.8 378 726 347 285 543 25.8
Slovak Republic 289 63.0 341 417 720 304 53 216 163
Poland 48.8 82.1 334 10.0 22.0 12.0 1241 33.4 21.3
Chinese Taipei 31.4 62.5 31.1 10.9 41.1 30.1 11.4 28.5 17.1
Croatia 353 66.1 308 61.6 83.1 215 453 67.7 225
Greece 30.5 60.3 29.8 16.6 582 16.6 31.6 63.4 31.8
Cyprus' 2456 542 297 10.3 416 312 25.8 602 344
Serbia 24.0 53.6 29.6 53.4 77.2 23.8 47.2 70.7. 23.5
Estonia 464 | 750 286 54.6 73.6 19.0 42 9.1 4.9
Russian Federation | 57.3 859 28.6 55.8 842 284 516 788 27.3
Israel 29.8 58.4 28.5 41.1 67.2 26.1 6.0 16.6 10.6
Portugal 87 37.0 284 16.9 347 17.8 283 658 374
Czech Republic 39.4 66.9 27.5 46.5 70.8 24.3 4.7 217 1741
Turkey 381 65.6 275 22.1 347 12,6 314 567 253
Spain 21.7 49.1 275 275} 56.2 28.7 15.8 423 26.5
Kazakhstan 387 66.0 27.3 34.8 603 256 417 66.7 25.0
Shanghai-China 543 813 27.0 53 12.8 7.5 57.7 87.1 294
Slovenia 263 53.2 26.9 50.0 76.9 27.0 11.2 47.4 36.2
Denmark 29.1 55.9 26.8 26.6 52.8 26.2 1 6.6 4.8
Tunisia 345 59.4 249 9.1 17.7 87 16.6 232 66
Latvia 49.1 73.8 24.8 38.9 59.7 20.8 3% 131 9.5
Lithuania 250 | 483 233 25.4 464 209 08 5.4 4.6
Singapore 149 T8 23.0 45.3 78.4 331 27.6 B2 30.1
Korea 39 265 26 51.0 845 334 0.7 5.6 4.9
Italy 452 674 222 25.0 496 24.6 259 473 214
Hungary 9.3 314 221 323 27 40.0 299 60.6 30.7
United States 98 316 2.7 426 714 287 7.5 17.7 103
Peru 15.0 36.6 21.6 23.6 50.5 26.9 9.6 30.0 20.4
Viet Nam 15,9 %5 21.6 2.6 6.1 35 45.6 73.1 27.5
Brazil 103 306 203 77 21.0 133 5.7 232 175
Austria 5.5 255 20.0 30.1 71.2 411 15.2 49.7 34.5
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Countries/economies where the strength of the relationship between socio-economic status and
familiarity with mathematics is not statistically different from the OECD average
Countries/economies where the strength of the relationship between socio-economic status and
familiarity with mathematics is above the OECD average

Percentage of

Difference between socio-economically advantaged and

vari disadvantaged students Familiarity with mathematics (index)
familiarity with
‘mathematics | Time spent per Difference
explained by | week in regular | Exposure | Exposure | Familiarity Difference | (attended
students’ and | school lessons | toapplied | to pure with |Difference| (non- | pre-primary
schools’ socio- | in mathematics | mathematics | mathematics | mathematics |  (boys- | immigrant - | education -
economic profile | (minutes) (index) (index) (index) girls) | immigrant) | notattended)
% Dif. Dif. Dif. Dif. Dif. Dif. Dif.
OECD average 85 7 0.23 044 045 -0.15 0.17 0.29
Lithuania 5 0.20 028 023 033 0.1 0.13
Ireland 1 0.28 0.44 035 0.15 003 0.05
United Kingdom 8 0.26 0.36 032 0.15 0.04 033
New Zealand 3 056 0.72 033 012 -0.10 021
Russian Federation 20 0.22 0.35 036 -0.20 0.19 021
Poland 9 0.24 0.30 041 -0.21 < 021
Argentina 65 0.24 0.35 031 0.17 0.28 0.26
Indonesia 27 033 0.27 0.18 0.04 = 0.14
Costa Rica 22 0.19 0.42 032 -0.09 023 0.16
5 0.42 0.55 028 035 -0.42 033
Qatar 5 0.24 0.48 032 0.02 -0.48 032
Greece 10 0.04 0.48 0.41 0.32 036
Iceland 3 053 0.40 033 032 046
Latvia 13 0.20 0.43 031 036 029
Kazakhstan 37 0.18 0.25 022 -0.10 0.11
Macao-China 8 0.14 0.05 0.27 0.00 0.24
Israel 18 0.13 0.44 -0.16 0.07
Sweden % 045 0.40 0.17 0.16
Canada il 041 0.43 018 0.04
Viet Nam 21 -0.02 0.40 -0.19 E
Tunisia 21 0.30 0.50 0.12 <
Mexico T 0.15 0.23 -0.10 0.22
Jordan 3 055 054 053 0.04
Finland 5 036 0.40 024 029
Denmark ] 0.16 0.16 -0.03 021
Hong Kong-China 8 023 0.23 0.05 011
Malaysia 33 0.50 0.59 0.07 002
Estonia 4 0.29 0.29 021 023
Cyprus” 6 0.41 0.54 -0.43 0.32
Albania m m m m -0.01 <
France w 18 0.32 0.54 0.64 -0.16 021 0.62
Norway m 2 0.27 0.28 m m m m
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Percentage of
variation in
familiarity with

Difference between socio-economically advantaged and
disadvantaged students

Familiarity with mathematics (index)

mathematics | Time spent per Difference
explained by | weekin regular | Exposure | Exposure | Familiarity Difference | (attended
Students’and | school lessons | toapplied | topure with |Difference| ~(non- | pre-primary
schools’ o in mathematics | mathematics | mathematics | mathematics |~ (boys- | immigrant - | education -
economic profile | (minutes) (index) (index) (index) girls) | immigrant) | notattended)
Dif. Dif. Dif. Dif. Dif. Df. Dif.
OECD average 8.5 i 0.23 0.44 0.45 -0.15 0.17 0.29
Liechtenstein 24.5 -15 0.36 0.28 0.60 0.06 0.48 c
Hungary 214 - 0.07 0.41 0.85 -0.25 -0.07 c
Austria 18.6 -3 0.11 0.51 0.77 -0.07 0.30 0.23
Germany 16.3 i 011 044 061 012 029 037
Slovenia 153 19 022 035 043 0.5 013 011
Belgium 14.4 31 0.19 0.69 0.76 -0.09 0.33 0.51
Chinese Taipei i3 57 0.50 0.59 0.74 -0.17 & 0.34
Netherlands 12.6 -10 0.06 0.63 0.42 -0.08 0.25 0.26
Korea 12.5 24 0.55 0.42 0.63 -0.11 € 0.05
Chile 2.4 20 022 0.50 059 0.06 001 032
Slovak Republic 1.8 6 0.10 036 050 022 < 051
Brazil 11.6 18 0.19 0.19 0.46 -0.12 0.08 0.18
Switzerland 114 -15 0.15 0.50 0.61 -0.04 0.31 0.44
Croatia 11.2 31 0.08 0.32 0.45 -0.16 0.11 0.17
Japan 10.7 53 0.33 0.40 0.33 0.00 £ 0.94
italy 105 4 0.04 038 0.40 0.08 042 038
Portugal 105 20 036 0.66 074 024 0.15 022
Turkey 103 37 0.01 048 045 037 < 025
Thailand 10.2 34 0.28 0.42 0.35 -0.26 € 0.16
Serbia 10.1 16 -0.02 0.26 0.43 -0.21 -0.14 0.14
Uruguay 9.8 6 -0.05 0.39 0.54 -0.18 L3 0.30
Bulgaria 92 6 017 052 058 034 < 022
Singapore 87 30 011 033 054 0.20 0.00 058
Luxembourg 8.4 2 0.34 0.58 0.50 -0.03 0.03 0.05
Czech Republic 7.9 4 0.04 0.40 0.27 -0.12 0.16 0.30
Spain 7.8 -4 0.07 0.31 0.79 -0.21 0.44 0.48
Romania 7.6 9 022 0.50 059 0.16 < 026
Montenegro 7.6 21 0.14 0.25 0.39 -0.15 -0.04 0.14
Colombia 7.5 7 027 018 039 0.03 < 014
Shanghai-China 7.4 11 0.13 0.09 0.55 -0.15 2 0.85
Peru 73 23 0.43 0.51 0.47 -0.11 L 0.16
United States 24 0.31 0.36 0.60 -0.24 -0.02 0.15
Australia y: 0.37 0.62 0.34 -0.09 -0.22 0.19
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Familiarity with mathematics

Arithmetic mean Linear equation Vectors
Percentage of | Percentage of | Percentage of | Percentage of | Percentage of | Percentage of
students who | studentswho | studentswho | studentswho | studentswho | students who

have never know well/ havenever | knowwell/ | have never know well/
heard the understand heard the understand heard the | understand the
Index concept the concept concept the concept concept concept
Mean
index %

OECD average 0.00 30.8 29.4 12.8 41.8 349 203

Croatia -0.14 9.8 493 14 72.0 55 55.9

Switzerland -0.18 51.0 1.1 21.1 31.2 455 173

Portugal -0.18 30.9 20.9 16.8 24.5 8.4 47.3

Bulgaria -0.19 97 53.7 5.4 57.5 97 40.7

Serbia -0.26 12.6 38.0 1.6 64.2 52 58.0

Poland 027 1.8 65.7 20.0 15.8 163 21.6

Chile -027 28.8 174 49 49.7 16.5 304

Denmark 031 104 421 11.0 38.8 54.1 33

United Kingdom -032 40.3 18.6 113 35.9 184 27.0

Australia 034 432 155 92 47.1 311 129

Ireland -034 38.6 22.1 11.8 38.0 58.1 4.0

Romania -034 56 543 53 52.7 74 39.8

Jordan -038 7.8 66.1 9.2 60.3 33.1 18.7

Costa Rica 039 46.4 123 273 237 39.7 252

Tunisia -0.40 122 46.3 47.6 123 332 19.6

Colombia 042 21.9 182 12,6 28.4 255 264

Netherlands -0.43 275 25.0 102 42.5 58.0 82

Montenegro -047 24.9 224 39 59.5 2.0 44.6

Kazakhstan -0.48 5.8 53.6 69 47.8 55 54.4

Mexico 0.48 187 179 9.0 30.0 27.2 105

Sweden -0.49 65.3 38 39.0 86 715 34

New Zealand 0.53 49.2 10.2 13.0 36.7 34.0 13.0

Peru -0.56 152 25.1 7.1 35.4 29.6 18.8

Brazil -0.57 29.1 175 28.5 12.9 36.8 114

Luxembourg -0.58 56.7 104 27.8 27.7 39.0 283

Argentina -0.60 58.7 7.5 27.6 23.8 38.6 19.0

Albania -0.62 56 57 6.6 42.6 3.1 58.3

Thailand -0.72 5.4 31.0 34 34.9 163 22.8

Qatar -0.83 19.1 35.9 153 443 27.8 245

Malaysia -0.85 54.3 39 9.1 35.7 30.1 102

Indonesia -0.90 5.0 27.2 86 19.6 202 1.1

Norway m m m m m m m
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Familiarity with mathematics

Arithmetic mean Linear equation Vectors
Percentage of | Percentage of | Percentage of | Percentage of | Percentage of | Percentage of
students who | studentswho | studentswho | studentswho | studentswho | = students who
have never know well/ have never | know well/ have never know well/
heard the understand heard the understand heard the | understand the
Index concept the concept concept the concept concept concept
Mean
index % % % % % %
OECD average 0.00 30.8 29.4 12.8 418 34.9 203
Korea 1.34 52.4 132 0.9 69.0 34.4 A7
Shanghai-China 112 74 68.3 50.1 8.5 74 74.7
Chinese Taipei 0.95 9.6 46.2 21.1 23.9 19.6 194
Spain 0.82 20.0 34.9 12.3 41.8 313 285
Japan 0.79 12 76.1 16 69.1 31.6 9.6
Macao-China 0.52 22.7 35.7. 13 723 333 20.8
Hong Kong-China 0.50 15.8 44.7 31.7 28.4 45.1 13.0
Viet Nam 0.43 20.1 25.6 64.9 42 5.1 60.4
Latvia 0.41 5.2 62.9 33 49.1 43.4 8.9
Estonia 035 4.8 59.2 1.0 63.7 39.7 6.3
Hungary 0.33 33.4 19.4 54 52.8 7P 45.6
Cyprus' 0.31 15.0 38.1 265 23.0 7.6 41.0
Greece 031 9.5 445 18.4 234 5.6 46.4
Czech Republic 0.26 8.7 523 a7 59.5 48.6 1.8
Belgium 0.11 33.2 28.5 29.7 21.9 252 36.6
Finland 0.11 67.0 33 79 334 60.1 2.6
Turkey 0.10 4.7 49.3 64 26.4 4.6 2.1
Israel 0.10 20.6 46.0 16.4 53.9 65.7 100
France 0.09 38.0 213 10.5 443 248 48.9
Germany 0.09 50.4. 17.3 62 63.6 42.0 14.4
Austria 0.05 53.4 14.8 10.9 513 285 30.1
Liechtenstein 0.04 60.0 10.8 162 50.7. 38.3 273
United States 0.03 42.5 18.7 32 56.8 315 12.7
Singapore 0.02 35.8 26.0 24 62.6 15.1 44.0
Iceland 0.02 30.1 325 53.0 8.2 73.6 2.8
Slovak Republic -0.04 1.7 47.1 4.5 57.0 51.1 28
Italy -0.04 10.3 56.6 19.5 36.8 17.9 362
Slovenia -0.06 155 39.6 22 64.2 17.1 28.9
Russian Federation | -0.07 75 742 15 70.8 2.8 65.1
Uruguay -0.07. 54.8 6.4 18.7 26.4 14.9 35.0
United Arab Emirates | -0.08 il 52.9 8.1 55.0 29.9 271
Canada -0.10 45.3 14.6 5.8 55.6 324 13.2
Lithuania 012 17 36.8 15.1 35.1 57.9 3.0
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Time spent per
week in regular
school lessons
in mathematics

(minutes) Exposure to applied mathematics Exposure o pure mathematics
Percentage of students who
reported that they frequently
Change | encounter, at school, problems Percentage of students who
between | like “Working out from a train reported that they frequently
2003 | timetable how long it would take encounter, at school, equations
2012 | and 2012 | to get from one place to another” Index like “6x* + 5 = 29" Index
Minutes | DI % Mean index % Mean index

OECD average 218 13 171 0.00 61.6 0.00
Liechtenstein 21 -5 13.8 0.01 76.2 0.22
Spain 210 34 17.7 017 741
Indonesia 209 -23 20.2 0.05 53.5
Greece 209 22 12.8 -0.41 67.5
Costa Rica 208 m 233 037 57.1
France 207 -1 153 -0.05 64.9
Switzerland 207 17 -0.02 62.7
Thailand 206 8 11.6 040 53.0
Luxembourg 205 4 20.0 -0.28 52.8
Malaysia 201 10.7 0.00 59.8
Norway 199 33 17.8 018 57.8
Poland 198 -7 21.2 0.48 61.8
Germany 197 14 15.4 0.06 68.9
Cyprus’ 189 m 225 047 60.4
ireland 189 2 20.0 014 68.1
Kazakhstan 183 m 359 051 68.6
Czech Republic 182 14 11.0 -0.25 54.2
Sweden 182 17 22 0.33 45.0
Slovak Republic 181 18 15.4 0.05 571
Finland 175 19 211 023 61.3
Turkey 172 -28 17.0 -0.17 58.8
Lithuania 172 m 16.6 0.19 65.3
Albania 171 m 16.6 022 695
Netherlands 171 21 68 022 64.6
Romania 169 m 19.1 0.10 60.6
Slovenia 160 m 17.7 0.04 67.2
Austria 156 10 19.0 003 63.8
Uruguay 156 =27 12.5 -0.51 58.0
Serbia 154 m 19.9 024 60.5
Hungar 150 13 19.9 011 67.4
Croatia 147 m 17.6 -0.04 67.8
Montenegro 142 m 30 006 59.8
Bulgaria 134 m THELES 0.00 65.4 0.06
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Countries/economies where instruction time/exposure
Countries/economies where instruction time/exposure is not statistically different from the OECD average
Countries/economies where instruction time/exposure is below the OECD average

above the OECD average

Time spent per
week in regular
school lessons
in mathematics

(minutes) Exposure to applied mathematics Exposure to pure mathematics
Percentage of students who
reported that they frequently
Change | encounter, at school, problems Percentage of students who
between | like “Working out from a train reported that they frequently
2003 | timetable how long it would take encounter, at school, equations
2012 | and 2012 | to get from one place to another” Index like “6x* + 5 = 29" Index
Minutes Dif. %o Mean index % Mean index

OECD average 218 13 17.1 0.00 61.6 0.00
Chile 398 m 28.1 -0.03 55.4 -0.10
Canada 314 91 8.7 -0.10 B -0.09
United Arab 311 m 18.1 0,07 58.4 0,10
Emirates
Portugal 288 93 73 037 48.0 035
Singapore 288 m 124 031 74.8 033
Peru 287 m 20.9 0.13 62.9 0.11
Tunisia 276 26 143 -020 46.7 -0.30
Macao-China 275 3 11.9 0.1 683 021
Shanghai-China 269 m 4.2 0.18 67.0 0.06
Argentina 269 m 15.7 -0.16 50.4 -0.25
Hong Kong-China 268 -2 6.5 -0.14 64.4 0.15
Colombia 263 m 215 0.16 425 -0.39
Qatar 259 m 26.1 0.09 50.1 0.28
Israel 254 m 152 039 654 0.03
United States 254 33 11.4 -0.08 65.5 0.09
Mexico 253 18 17.7 0.18 56.7 -0.03
Iceland 244 10 236 020 723 023
Chinese Taipei 243 m 8.7 0.1 59.6 -0.04
New Zealand 241 1 134 005 484 027
Australia 236 6 557 -0.10 il -0.17
Japan 235 18 17.3 -0.18 69.4 0.19
Italy 232 19 117 042 717 022
United Kingdom 230 m 188 0.03 62.0 0.02
Jordan 227 m 24.6 030 552 022
Viet Nam 227 m 8.7 -0.23 68.0 0.17
Denmark 224 18 25.0 0.27 46.3 -0.37
Latvia 224 10 112 0.02 59.9 -0.01
Estonia 223 m 18.1 0.07 62.5 0.03
Russian Federation | 222 15 254 0.18 75.0 029
Belgium 217 21 12.6 -0.23 62.6 -0.09
Brazil 215 4 25.8 0.05 38.1 -0.56
Korea 213 -33 243 0.40 79.4 0.43
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