A Policy Strategy
to Widen Opportunities
to Learn Mathematics

Only a minority of the 15-year-old students in most countries understand
and know well the core mathematics concepts in the curriculum. This
chapter discusses a policy strategy to give all students similar opportunities
to learn mathematics. Policy makers, curriculum designers, teachers and
parents have an important role to play in the implementation of this
strategy.
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More than ever before, today’s students need to understand mathematical ideas, compute
fluently, engage in logical reasoning and communicate using mathematics. All these skills
are central to a young person’s preparedness to tackle problems that arise at work and in life
beyond the classroom. But the reality is that many students are not reaching baseline levels
of proficiency in mathematics (OECD, 2014; OECD, 2016). Large numbers of students also
lack self-confidence in the subject, do not enjoy it and are unlikely to continue studying it
voluntarily (Chapter 4).

How can these patterns be changed? This report shows that one possible way forward is to ensure
that more students spend more “engaged” time learning mathematics concepts and practising
complex mathematics tasks. The opportunity to learn mathematics content — the time students
spend learning mathematics topics and practising mathematics tasks at school — can accurately
predict mathematics literacy (Chapter 3). In the vast majority of countries, a substantial share of
the performance disparities in PISA between socio-economically advantaged and disadvantaged
students can be attributed to differences in these students’ familiarity with mathematics concepts
(Figure 3.16). Widening access to mathematics content can thus raise the average levels of
achievement and, at the same time, reduce inequalities. While acquiring deep conceptual
knowledge and procedural fluency, students should also have opportunities to practice their
reasoning and modelling capabilities, and to develop positive attitudes and self-beliefs towards
mathematics.

A policy strategy centred on giving all students similar opportunities to learn mathematics can
reduce the number of students who lack the knowledge and understanding of mathematics
expected of a 15-year-old. It can also encourage teachers to create and use engaging material to
develop students’ interest in mathematics. Ultimately, it can result in greater equity throughout the
school system and thus in greater social mobility. Table 5.1 presents six policy recommendations
that are part of this strategy.

DEVELOP COHERENT STANDARDS, FRAMEWORKS AND INSTRUCTION
MATERIAL FOR ALL STUDENTS

Chapter 1 shows that only a minority of the 15-year-old students in most countries reported that
they understand and know well the core mathematics concepts in the curriculum. For example,
on average across OECD countries, less than 30% of students reported that they know well and
understand the concept of arithmetic mean. Some students were never taught the topics, and
many more were exposed to the topics so superficially that they only remember bits and pieces.
Closing the gap between the expectations and the reality of mathematics learning is possible
if education systems set the right objectives, and have the means to transform these objectives
into everyday teaching and learning.

A first important step is to develop curriculum standards and frameworks that clearly define
the mathematics content to be covered at each cycle of schooling and the targets to be reached
by the end of compulsory schooling. Standards represent potential opportunities to learn
(Schmidt and Burroughs, 2013) and define what students are expected to understand and be
able to do. A framework is a more detailed list of the content and performance standards, by
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grade level, that guides the development of the curriculum and the selection of instructional
materials.

mTable 5.1 =
Policy recommendations to widen opportunities to learn

Who should be involved

Policy recommendation

= Education policy makers,
curriculum designers, teachers
and those involved in the
development of textbooks,
assessments and  teaching
material

Reduce the number of students who have only
superficial knowledge of core mathematics ideas

Develop coherent
standards, frameworks and
instruction material for all
students

Set high expectations for all students

= Set accountability targets while preserving
teachers' autonomy

Reduce the impact of = Education policy makers
tracking on equity in

exposure to mathematics

Reduce the impact of socio-economic status on
students’ opportunities to learn

Ensure that students in vocational tracks are
exposed to a coherent curriculum

= Education policy makers,
curriculum designers, teachers
and parents

Support positive attitudes
towards mathematics
through innovations in
curriculum and teaching

Improve students’ self-concept

Reduce students’ anxiety

Foster motivation to learn mathematics, also after
school hours

Content standards and frameworks should set the stage for the development of a core mathematics
curriculum that provides all students, no matter their ability or socio-economic status, with
the mathematics foundation for quantitative literacy and for study at a higher level. Giving all
students equal opportunities to learn depends on how the curriculum is implemented (which will
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be discussed later); but applying the same standards to all students can be a first step to break the
pattern of differentiation that is based on the false assumption that only some students will need
a strong background in mathematics for their future. For example, policy efforts to standardise
secondary school curricula in Scotland in the 1980s improved average test scores and reduced
socio-economic inequalities in education (Gamoran, 1996). Standards do not set upper bounds
in content coverage and expected performance, so schools and teachers can adapt them to
challenge high-performing students.

The standards should cover the full cycle of education to allow for the widest possible range of
students to participate in a rigorous course of study from the outset. No standard can fully reflect
the variety of abilities and needs among students in any given classroom. However, standards can
provide clear signposts along the way to higher education and career readiness for all students,
and can help identify early on those students who need special support.

What content should be specified in the standards and frameworks? International comparisons
find that the same set of core mathematics ideas is covered in the curricula of most PISA countries
and economies (Table 1.3). This suggests that some consensus about what mathematics content
is important may already have been reached (Mullis et al., 2012). What varies greatly across
countries is how this core content is organised in the frameworks.

The curriculum can provide more productive exposure to mathematics content across all students
if it is coherent, focused and not repetitive. Coherence can be achieved by grouping the concepts
into units that, in their logical sequence, reflect the hierarchical nature of mathematics and make
it easier for students to build on the skills they acquired (Schmidt et al., 2002).

When students understand the connections between the topics, they stop seeing mathematics as
a laundry-list of formulas to memorise, and start to make sense of what they learn. A sequential or
spiral curriculum framework is particularly useful for students who may not have been exposed to
certain content. Before starting a new unit, teachers can easily identify what prior knowledge is
needed, whether their students have had the opportunity to acquire this knowledge, and whether
it is useful to review or incorporate previously studied topics in the new unit.

Coherence across topics and a strong focus on key mathematics ideas matter more than the
quantity of topics covered. Tightening the focus of the curriculum by addressing fewer topics each
year can allow for much greater depth of learning. For example, in Singapore the mathematics
framework covers a relatively small number of topics in depth, following a spiral organisation in
which topics introduced in one grade are covered in later grades, but at a more advanced level.
Students are expected to have mastered prior content, not repeat it (Ginsburg et al., 2005). Korea
cut as much as 20% of the learning content in the 2011 revision of the curriculum in order to let
teachers cover mathematics topics in greater depth (Li and Lappan, 2013).

Curriculum frameworks that allocate sufficient time to a set of key topics can also leave more
scope for teachers to choose how to cover the material and to adapt their teaching to their
specific classroom context. Standards are meant to support teachers in their choices, and not
to unnecessarily limit their autonomy. Teachers still have to use their professional judgement,
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creativity and autonomy individually and together with other teachers to find the best ways to
help their students to learn. For example, teachers in Singapore are not bound by the sequence
of topics as long as they can ensure that the inherent hierarchy and linkages of mathematics are
maintained (Ginsburg et al., 2005).

The effectiveness of standards to promote innovative patterns of instruction is clearly related
to the development of tools and training, including teachers’ guides, textbooks and pre-
service education that prepare teachers to teach the curriculum and provide opportunities for
professional development. Textbooks, in particular, can disrupt the coherence of the standards
if they introduce concepts too early or too late, if they superficially cover the same concepts
year after year, or fail to show students explicitly how the new material connects to previous
concepts. More efforts at the national and international levels should thus be devoted to defining
and regularly updating the core criteria that mathematics textbooks should meet to be eligible
for use in the classroom.

HELP STUDENTS ACQUIRE MATHEMATICS SKILLS BEYOND CONTENT
KNOWLEDGE

The mastery of core concepts and procedures is a necessary component of mathematics learning
and is needed to understand and solve novel problems. However, knowledge of concepts or
formulas and procedural fluency alone are hardly sufficient for solving complex problems
(Chapter 3); several other skills are central to mathematics proficiency. These include the ability
to use a wide range of mathematics strategies; the ability to reason using mathematical ideas
and to communicate one’s reasoning effectively; the ability to use the knowledge and time
at one’s disposal efficiently; and the disposition to see mathematics as sensible, useful and
worthwhile, coupled with a belief in one’s own efficacy (Schoenfeld, 2006; National Research
Council, 2001).

Content, representations, tasks and teaching materials should be chosen and organised within
and across grades to support the integrated and balanced development of all these abilities.
Mathematics frameworks should thus be explicit about how concepts and skills are interwoven
within individual units, over a year, and during the course of education.

Outside of their coursework, many students have difficulty doing what may be considered
elementary mathematics for their level of attainment. For example, only 22% of the students tested
in PISA 2012 were able to interpret a simple equation and explain the effect of a change to one
variable on a second variable (the DRIP RATE problem, see Chapter 3). This probably happens
because too many students spend too much time routinely and mechanically solving well-defined
tasks that are very close to the ones they have been taught. These tasks do not involve exploration,
conjecturing and thinking...in other words, they do not provide opportunities for deep learning.
Similarly, simple applied tasks that are commonly used at school, such as “calculate how many
square metres of tiles you need to cover a floor” (see Chapter 1), are routine mathematics tasks
“dressed up” in the words of everyday life, and do not require any deep thinking and modelling
skill (Echazarra et al., 2016). Chapter 3 shows that students” exposure to this type of applied task
has only a modest relationship with students” capacity to solve PISA problems (Figure 3.8b).
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Problem solving, as a method of teaching mathematics, can be used to introduce core mathematics
concepts through lessons involving exploration and discovery (Stein et al., 2008). For example,
the PISA 2012 REVOLVING DOOR item (see Chapter 3) describes a revolving door through
diagrams. Students are asked to calculate the maximum arc length that each door can have so
that air never flows between entrance and exit. Solving in class a problem like REVOLVING
DOOR can help students consolidate their understanding of circle geometry and, at the same
time, show them how they can test multiple heuristic strategies, such as dividing the circled
space of the revolving door into six equal parts or reworking the diagram to consider extreme
cases. Whatever strategy students choose to use, in order to succeed they need to monitor how
well they are progressing, and persevere or change direction accordingly. Knowledge, effective
reasoning, strategy formulation, self-regulation and perseverance can all be developed while
working on problems of this type.

A greater emphasis on problem solving does not make traditional topics obsolete or irrelevant.
The core mathematics topics in school curricula (fractions, functions, vectors...) are basic to all
mathematics activities, including modelling and application. Whether one can solve mathematics
problems depends in fundamental ways on the mathematics one knows. For example, students
who do not know the formula for the circumference (n times diameter) would have a very difficult
time solving complex, contextualised problems like REVOLVING DOOR or ARCHES (Chapter 3).

But introducing problem-solving strategies — such as teaching students how to question, make
connections and predictions, conceptualise, and model complex problems — requires time
and probably some adjustment to content coverage. Chapter 2 shows that cognitive-activation
teaching strategies, such as giving problems with no immediate solution, might be associated
with less content coverage in disadvantaged learning environments (Figure 2.23b).

When teachers develop a routine that allows students to discover and work with mathematics,
teachers also need to consider how students with different skills approach complex problems.
Chapter 3 shows that disadvantaged students perform more poorly than other students in those
tasks requiring modelling skills (Figure 3.17). Problem solving, modelling and application make
mathematics lessons more demanding, both for teachers and for students. Weaker students — and
particularly those from a disadvantaged background — are less confident and tend to prefer more
external direction (Lubienski and Stilwell, 1998). These students might need additional support
in, for example, identifying the intended mathematical ideas embedded in contextualised
problems, or describing those ideas to the rest of the class. That said, mathematics teachers
should not be discouraged from integrating problem solving in their instruction when teaching
weaker classes. Students with less familiarity with mathematics can still participate if the teacher
builds a supportive relationship with students, conducts individualised tutoring sessions, builds
on what students know, preserves equity among students in the classroom and makes explicit
the desired classroom norms (Lester, 2007; Boaler, 2002; Lubienski, 2002). Formal and informal
teacher networks can be useful platforms for sharing experiences and ideas.

Restructured textbooks, teaching materials and dedicated training can help minimise the time
needed to incorporate these teaching practices into an already full schedule. For example,
the New Zealand government’s website on mathematics education (http://nzmaths.co.nz/)
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provides teaching materials on problem solving, such as sample problems that fit into a given
curriculum unit. The Mathematics Assessment Project, a collaboration between the University of
California at Berkeley and Nottingham University, developed a series of “formative-assessment
lessons” whose purpose is to help teachers improve students’ ability to apply their knowledge to
non-routine problems. The lessons describe common patterns of student responses to the tasks
and ways to deal with them; they also contain activities that help teachers assess students’
understanding and build on it.!

Mathematics teachers would also find it easier to integrate problem solving in instruction if the
assessment system reflected the value of this approach. In reality, few curricula make the ability
to model and apply mathematics knowledge the object of systematic assessment and testing
(Rosli et al., 2013). More efforts need to be invested in constructing, using and sharing new ways
to assess mathematics problem-solving abilities.

REDUCE THE IMPACT OF TRACKING ON EQUITY IN EXPOSURE
TO MATHEMATICS

Access to mathematics is unequally distributed across individuals, schools and school systems,
and familiarity with mathematics is strongly related to students’ socio-economic status (Chapter 2).
Moreover, the organisation of most education systems tends to reinforce socio-economic
inequalities in access to mathematics (Chapter 2). Selecting student into more homogenous
groups through grade repetition, between-school tracking, academic admission requirements
and school transfers is associated not only with a more unequal distribution of achievement,
but also with more unequal access to mathematics content, which is the basis for improving
mathematics literacy.

Students who are enrolled in vocational tracks are much more likely to come from disadvantaged
families and to have low levels of familiarity with mathematics (Figure 2.16). The concentration
of disadvantaged students in less challenging tracks strengthens the link between socio-economic
status and opportunities to learn, not only because students in vocational programmes are unlikely
to receive the same exposure to mathematics as students in academic tracks, but also because
students’ outcomes and attitudes towards mathematics are affected by their peers (Chapter 4;
Field, Kuczera and Pont, 2007).

Moreover, the starting age of between-school tracking at the system level is strongly related to
equity in opportunities to learn mathematics (Figure 2.15). In systems that start sorting students
into different tracks as early as 10 or 11, the relationship between students’ socio-economic
status and their access to mathematics at age 15 is much stronger than in systems where students
are first tracked at age 15 or 16.

Postponing the age at which students are first sorted into tracks can be difficult, given the costs
involved in such a substantial reform, possible effects on drop-out rates, and the reluctance
among teachers who may have to adjust their teaching methods to cater to a more heterogeneous
group of students. But several countries have been successful in delaying the age at first
tracking, and there is some evidence that this policy has reduced the gap in education and
labour market outcomes related to socio-economic status (Meghir and Palme, 2005; Hanushek
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and Woessmann, 2006). In Sweden and Finland, which reformed their education systems
between the 1950s and the 1970s, a later age at tracking reduced inequalities in the labour
market later on (Meghir and Palme, 2005; Pekkarinen, Uusitalo and Kerr, 2009; Pekkala Kerr,
Pekkarinen and Uusitalo, 2013). More recently, Germany reformed its education structure to
reduce the influence of socio-economic status on student achievement. Some regions delayed
the assignment of students to different tracks until they were 12 rather than 10 years old; some
regions chose to combine tracks (going from a three- to a two-track lower secondary system);
and some regions increased their system’s flexibility by allowing students in any of the three
types of lower secondary school to go to any type of upper secondary school (OECD, 2011a).
In 1999, Poland reformed the structure of its education system, deferring tracking in secondary
education, embracing deep curriculum reform, and giving more autonomy to schools.
Research has shown that the deferral of tracking contributed to the substantial improvement in
international assessments (OECD, 2011b).

It may not be necessary to eliminate early tracking as long as the education system provides
students with equal opportunities to learn. In the Czech Republic and Singapore, for example,
where students are first tracked at age 11 or 12, students” and schools’ socio-economic profile
explains less than 10% of the variation in familiarity with mathematics, similar to the OECD
average (Figure 2.15). In other words, students in vocational tracks should be exposed to the
same core curriculum and to the same quality of mathematics teaching as other students, and the
tracking system should be flexible enough to allow students to change tracks when and if they
are ready to do so. Moving towards equivalence in mathematics instruction between pathways
would ensure that students can choose their preferred course of study and be confident they will
acquire the core skills they need for their adult life.

LEARN HOW TO HANDLE HETEROGENEITY IN THE CLASSROOM

Given the difficulty of delaying early tracking, some countries have replaced between-school
tracking with ability grouping within schools or within classrooms. Selection for within-school
grouping may be better informed, since students’ abilities are more easily observed in individual
schools; but within-school or within-class ability grouping reduces opportunities to learn for
disadvantaged students just as tracking does. In fact, the relationship between socio-economic
status and mathematics achievement is not necessarily weaker in systems that use ability grouping
compared with systems that use between-school tracking (Chmielewski, 2014). The negative
impact of early tracking, streaming and grouping by ability on equity of education outcomes
can be mitigated by limiting the number of subjects or the duration of ability grouping and by
increasing opportunities to change tracks or classrooms (OECD, 2012).

The real alternative to streaming and ability grouping is heterogeneous classes. Teaching these
classes can be challenging, and education authorities may have to provide additional assistance,
such as more personalised tutoring and/or more innovative teaching practices, to the students
who would otherwise be placed in “low” tracks. Schools with mixed-ability classes must also
avoid lowering academic standards and must provide their high-achievers with challenging
material (Gamoran, 1996; Gamoran, 2002).
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Teach heterogeneous classes effectively

It is easier and more efficient for teachers to deal with a smaller range of abilities than to
provide instruction that is sufficiently broad to address the needs of all students or to “teach
to the middle” (Darrow, 2003; Evertson, Sanford and Emmer, 1981). According to PISA
results, many teachers believe that heterogeneous classes hinder learning, especially in
socio-economically disadvantaged schools (Figure 2.17). Clearly, teachers need to adapt their
teaching strategies depending not only on the average ability of the class but also on the degree
of ability heterogeneity. For instance, Chapter 2 shows that some teaching practices, such as
cognitive-activation strategies, are related in different ways to familiarity with mathematics
and performance in mathematics across schools with different socio-economic profiles
(Figure 2.23a and 2.23b).

Nevertheless, there are ways to help teachers work with heterogeneous classes other than by
sorting students. As was mentioned above, curricula can be organised in a spiral, so that they
cover key ideas several times, in order to provide students with multiple opportunities to learn
important concepts at varying levels of complexity. In addition, classes can be made smaller as
a way to make it less difficult to teach heterogeneous groups (Finland did this in the 1980s when
it discontinued ability grouping [Kupari, 2008]).

Moreover, specific teaching practices, such as using curricula and pedagogies with multiple
points of entry that are challenging, relevant and engaging, can be adopted in the context
of whole-class instruction. Various student-oriented practices also appear to be successful in
heterogeneous class environments, such as having students work in small (heterogeneous)
groups, co-operative learning, keeping students actively involved and giving students control
over their learning (Freedman, Delp and Crawford, 2005; Rubin, 2006). In particular, flexible
grouping can be frequently reconfigured based on content, project and ongoing evaluation, as a
way to nurture the idea that ability is not fixed, and to reduce the segregation that often comes
with more rigid forms of grouping (Tomlinson, 2001). Co-operative learning strategies are also
used in heterogeneous classes (Rothenberg, Mcdermott and Martin, 1998). Success for All, for
example, is a programme for primary schools in the United States and the United Kingdom
that combines co-operative learning with small ability groups that are frequently reorganised to
reflect student progress (Loveless, 2016).

Given the crucial role of teachers in implementing curricula in challenging contexts, teachers
who shift from teaching classes grouped by ability to teaching heterogeneous classes, as well as
teachers addressing students in multicultural and diverse environments, should receive support
and training on how to teach such classes (OECD, 2010; Rubin and Noguera, 2004).

Offer greater and individualised support to struggling students

Struggling students should receive instruction adapted to their ability and needs. For many
low-performing students, this may include simply more time to learn. Engaged learning time is
a key aspect of opportunity to learn, in addition to the curriculum content to which students are
exposed. Longer instruction time is related to better performance — except when that learning
time is wasted in a disruptive disciplinary climate (Chapter 3). The so-called “No Excuses” charter
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schools in the United States provide an example of how combining dramatically increased
instructional time, strict behaviour norms and a strong student work ethic has improved student
achievement in low-income, minority and disadvantaged schools (Angrist et al., 2010; Thernstrom
and Thernstrom, 2004).

In addition to more instruction, many disadvantaged students also need more tailored approaches
and individualised support. In the context of the US debate on “de-tracking” (intended as the
shift from ability grouping to mixed-ability, heterogeneous classes), targeted academic support
is considered a key practice to be embedded in the regular organisation of the school year or
day. Support classes can help struggling students catch up on skills and concepts they may
have missed in the classroom, and can support them in completing their daily work, without
preventing them from being exposed to a more academically demanding curriculum (Rubin,
2006). High-dose, targeted tutoring is one of several practices that have been shown to improve
achievement in low-performing US charter schools (Dobbie and Fryer, 2013; Fryer, 2011). Of
course, the effectiveness of this remedial support depends on the quality of its implementation,
and particularly on teachers’ preparedness.

Finland, for example, provides dedicated support to students in need. Half of children with special
education needs are mainstreamed, rather than being enrolled in special schools. These students
are helped by “special teachers” assigned to each school, based on the idea that if schools focus
on early diagnosis and intervention, most students can be helped to achieve success in regular
classrooms. These specially trained teachers work closely with the class teachers to identify
students in need of extra help and to work individually or in small groups with these students so
that they get the support they need to keep up with their classmates (OECD, 2011a).

Low-performing students in Singapore are given extra help from well-trained teachers and follow
an alternative mathematics framework that covers all the mathematics topics in the regular
framework, but at a slower pace and with more repetition (Ginsburg et al., 2005).

SUPPORT POSITIVE ATTITUDES TOWARDS MATHEMATICS THROUGH
INNOVATIONS IN CURRICULA AND TEACHING

The types of mathematics that students are exposed to are related not only to their achievement
but also to their attitudes and self-beliefs about mathematics (Chapter 4). Exposure to relatively
complex mathematics topics may improve the attitudes and self-beliefs of students who are
relatively well-prepared and ready to be challenged, but it may undermine the self-beliefs of
students who do not feel up to the tasks. In Belgium, Denmark, Macao-China, the Netherlands
and Switzerland, students of similar ability who are more exposed to pure mathematic tasks
tend to display lower mathematics self-concept than students who are less exposed (Table 4.6).
On average across OECD countries, greater exposure to complex concepts, as measured by
familiarity with mathematics, is associated with less mathematics anxiety among high-performing
students but with greater anxiety among low-performing students (Figure 4.8).

Given the link between attitudes towards mathematics and performance (OECD, 2013), in
designing or revising their mathematics curricula, countries should find ways of improving
performance and problem-solving skills without undermining the self-confidence or raising
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the anxiety of low-performing students. Box 4.2 offers some examples from Australia,
Hong Kong-China, Korea and Singapore of how the development of positive attitudes towards
mathematics became an aim of the mathematics curriculum, and of how some of these countries
and economies have reduced curriculum content to give more time to engaging activities that
would improve students’ motivation.

Teaching practices can play a big role in influencing students’ attitudes towards learning.
Chapter 4 discusses how various teaching practices — including feedback and communication,
cognitive-activation strategies and student-oriented practices — are associated with students’
attitudes and self-beliefs towards mathematics, even though the extent of the relationship varies
according to students’ familiarity with mathematics. Reinforcing basic numerical and spatial
skills, reducing time pressure during tests, and bolstering teachers” ability and confidence to
teach mathematics can also be ways of reducing students’ mathematics anxiety (Maloney and
Beilock, 2012; Beilock and Willingham, 2014).

However, it is also important to take into account that teaching practices and curriculum
coverage may interact in affecting students’ self-beliefs, especially among students who have
had fewer opportunities to learn. Teaching practices aimed to reinforce students’ self-beliefs and
improve their attitudes towards learning may need to be adapted to students’ readiness to learn
the mathematics specified in the curriculum.

Teachers can also help to improve students’ attitudes towards mathematics by engaging parents.
Chapter 4 has also shown that parents are likely to transmit their mathematics anxiety to their
children, especially through their involvement in homework. Teachers can make parents aware
of their influence and of the importance of communicating positive messages about mathematics,
and can suggest alternative ways of supporting their children in learning mathematics (such as
external tutors or after-school classes).

MONITOR AND ANALYSE OPPORTUNITIES TO LEARN

The content of instruction, as defined in the curriculum, plays a fundamental role in students’
mathematics achievement (Chapter 3; Gamoran, 2007; Schmidt et al., 2015). However, some
would argue that what matters more is how a curriculum is implemented rather than the
curriculum itself (Chapter 1). In that case, data collection and analysis must try to determine
how well teachers cover the curriculum and whether the implemented curriculum adheres to
the objectives set in the standards.

Measuring opportunities to learn involves more than a simple time metric. Data need to be
collected all along the progression from what educators and policy makers specify in the
standards, through the content to which students are exposed, to the ideas and practices that
students understand (Floden, 2002). An analysis of data at each step of the progression can help
clarify how much time teachers spend teaching each topic in the curriculum, how many items in
a national assessment are devoted to the topic, and the degree to which students engage in the
corresponding instructional activities.
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Monitoring opportunities to learn thus requires combining multiple data-collection instruments
and analyses. A core set of information should be collected directly from teachers, using either
surveys questions that ask teachers about the content covered in their classes (such as those
used in the Trends in International Mathematics and Science Study [TIMSS]), or teacher logs
completed over the course of the school year. After comparing multiple indicators, Gamoran
et al. (1997) concluded that the measure of OTL that more strongly correlates with students’
achievement is an index that combines teacher-reported information about the proportion of
class time spent on topics with information on the extent to which the instruction engaged
students’ problem-solving abilities. Collecting and processing log data and questionnaires can
be made less cumbersome and costly by adapting digital approaches from other types of data
collections, such as time-use studies.

Students’ self-reported knowledge and exposure to mathematics tasks, as collected in PISA
(see Chapter 1), provides another piece of information about what students actually get out of
mathematics instruction. Collating the information on the intended curriculum (from official
documents), on the implemented curriculum (from teachers’ reports and textbooks), and on what
students know and can do in class (from students’ self-reports) can give a detailed picture of any
missing steps in the progression from curriculum intentions to student outcomes.

All these data are of little value if they are not properly used to guide changes in the curriculum. In
some countries and economies, including France, Hong Kong-China, the Netherlands, Singapore,
the United Kingdom and the United States, national centres conduct multi-year research and
curriculum-development programmes in school mathematics. These institutes and universities
should engage in rigorous statistical comparisons of student performance under “traditional”
and “experimental” curricula (where performance is evaluated on the basis of carefully designed
assessments of different mathematics skills). These evaluations help identify what innovative
elements in the curriculum should be strengthened. Ideally, results disaggregated by characteristics
of the school (such as its socio-economic profile) could provide evidence of the effects of the
curriculum and the kinds of support structures that are helpful in different implementation contexts
(Schoenfeld, 2006).

Students’ learning depends not only on the content covered by the teacher but also on other
dimensions of the learning environment, such as an orderly classroom climate and the
pedagogical choices teachers make. For example, Chapter 3 shows that long instruction time
is related to high performance only in classrooms with a good disciplinary climate (Figure 3.6).
Video studies can provide data directly from the classroom about how teachers structure and
manage their classes, what types of support and student orientation they adopt, and whether
they use teaching methods and tasks that challenge students’ cognitive abilities, self-beliefs
and attitudes (Tomas and Seidel, 2013). Video studies can also showcase how students acquire
mathematics knowledge, skills and understanding, and thus inform the design and update of
mathematics standards. The Teaching and Leaning International Survey (TALIS) study is piloting
an international video study of teaching practices. The objective of the study is to provide insights
into effective teaching practices using classroom observations from countries with different
teaching cultures. The pilot will also eventually produce a global video library showcasing a
variety of teaching practices in a range of educational settings in participating countries.?
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Notes

1. The formative assessment tasks and more information on the Mathematics Assessment Project are available
at: map.mathshell.org.

2. More information on the TALIS international video study is available at: https://www.oecd.org/edu/school/
TALIS-2018-video-study-brochure-ENG.pdf.
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