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PREFACE

It was timely, some might even say overdue, when the International Commission on Mathematical
Instruction (ICMI) announced the next ICMI Study 24 was going to be on School Mathematics
Curriculum Reforms at ICME-13 (2016, Hamburg, Germany), given the large number of countries,
states or regions around the world who have or are undertaking school mathematics curriculum
reforms. Soon after the International Programme Committee (IPC) was finalized, work began on
developing an ICMI Study Discussion Document, which was finally released in December 2017
(see the end of these Proceedings) and disseminated internationally. The Discussion Document
served as a call for papers for this ICMI Study 24 Conference, which was hosted a year later in

Tsukuba, Japan.

As scholars have noted here and elsewhere, school mathematics curriculum reforms are complex.
So, it comes as no surprise that five broad themes were identified in the Discussion Document and
each theme in turn, referred to a diverse range of questions, which provided the basis for inviting
papers. The themes attempted to attend to the study topic from different perspectives — historically,
in terms of the subject of mathematics, issues of implementation, globalization and
internationalization and the agents and processes of curriculum development — and they drew
attention to different aspects of school mathematics curriculum reforms. Perhaps, it was to be
expected that the largest number of papers were submitted in the theme on “Analysing school
mathematics curriculum reforms for coherence and relevance”, which examines issues of
curriculum goals, content, pedagogy, assessment, resources and technology (to name but a few
aspects). It will be noted that inevitably many parts of the themes do indeed overlap.

We thank all the authors who responded to the call, submitted papers and participated in the
conference. These conference proceedings includes 68 papers from diverse countries: Algeria,
Australia, Chile, China/Hong Kong, Costa Rica, Denmark, France, Hungary, Indonesia, Iran,
Ireland, Israel, Italy, Japan, Lebanon, Malaysia, Mexico, Netherlands, Peru, Philippines, Portugal,
Serbia, South Africa, Spain, Thailand, United Kingdom, Unites States of America and Vietnam.

Each paper was reviewed by IPC members and then appropriately amended (where necessary) by
authors, before being accepted for publication in this electronic conference proceedings. In
addition, we were very honoured that select scholars in the topic accepted our invitation to present
keynote lectures and participate in panel discussions. The three keynotes and two panels are aligned
to the five themes and we are very grateful that each speaker submitted a paper for inclusion in the
proceedings for deliberation by the conference participants. One special contribution was the
privilege we had to conduct an interview with renown scholar Jeremy Kilpatrick and have included

the transcript of the interview in these proceedings.



The ICMI Study Conferences are unique in that they focus less on each participant formally
presenting their paper but rather serve primarily as a platform for discussion of papers in the
context of the identified themes with their associated questions; and these intense deliberations are
directed towards the preparation of a published volume. For this reason, the conference proceedings
were disseminated prior to the conference so that delegates would have time to read the papers and
the conference can truly serve for delegates to confer. Hence, for much of the time during the
conference, the 94 conference delegates met in working groups related to the five themes under the
leadership of IPC members.

We are very pleased that the ICMI Study 24 Conference was successfully hosted in the beautiful
“science city” of Tsukuba, Japan; and excited that our joint work towards producing a much
anticipated ICMI Study 24 volume has begun.

We have set ourselves the ambitious goal of having the ICMI Study 24 volume prepared for
launching at the next ICME-14 in Shanghai, China in 2020, where we hope to all meet again.

4 Shimizee e

Co-Chairs: Yoshinori Shimizu and Renuka Vithal

13 December 2018
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ICMI Study 24
SCHOOL MATHEMATICS CURRICULUM REFORMS: CHALLENGES, CHANGES AND OPPORTUNITIES
Tsukuba, 26-30 November 2018

MAKING SENSE OF MATHEMATICS AND MAKING
MATHEMATICS MAKE SENSE

William McCallum

University of Arizona

I [want to] emphasize the practices, because from my point of view that’s where the content lives.

— Alan Schoenfield, 3 April 2013

.. at first I thought no, that’s wrong, the practices live in the content standards, and then I realized we
were both saying the same thing, namely that having this separate free-floating set of practices that are
independent of the content is a bad idea.

—William McCallum, 4 April 2013

VIEWS OF MATHEMATICS

The exchange above is from a meeting that Alan Schoenfeld and I attended at the Mathematical
Sciences Research Institute in Berkeley, CA in 2013 [7]. The content and practices referred to are the
Content Standards and Practice Standards in the Common Core State Standards in Mathematics
(CCSSM), a collaborative effort of the 50 US states to write common standards, which came out in
2010 [14]. I will return to a discussion of CCSSM later in this paper, but first I would like to use the
exchange to lay out a dichotomy in views of mathematics.

In [19] Schoenfeld describes a spectrum of views of mathematics:

At one end of the spectrum, mathematical knowledge is seen as a body of facts and procedures dealing with
quantities, magnitudes, and forms, and relationships among them; knowing mathematics is seen as having
“mastered these facts” and procedures. At the other end of the spectrum, mathematics is conceptualized as
the “science of patterns," an (almost) empirical discipline closely akin to the sciences in its emphasis on
pattern-seeking on the basis of empirical evidence.

A casual internet search on “mathematics as facts and procedures” does not find anybody advocating
it as a complete definition, but finds many saying that mathematics is more than that. It is true,
however, that this view of mathematics seems embedded in the culture of US classrooms. Writing in
1999 Stigler and Hiebert [20] said

In the United States, ... the level is less advanced and requires much less mathematical reasoning than

in [Germany and Japan]. Teachers present definitions of terms and demonstrate procedures for solving
specific problems. Students are then asked to memorize the definitions and practice the procedures.

Despite efforts to reform this state of affairs going back to the 1989 NCTM standards, this culture
remains prevalent today.

Schoenfeld associates one end of his spectrum, the view of mathematics as facts and procedures, with
what he calls the content perspective [19]:

A consequence of this perspective is that instruction has traditionally focused on the content aspect of
knowledge. Traditionally one defines what students ought to know in terms of chunks of subject matter,
and characterizes what a student knows in terms of the amount of content that has been “mastered.”

From this perspective, “learning mathematics” is defined as mastering, in some coherent order, the set of
facts and procedures that comprise the body of mathematics. The route to learning consists of delineating
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the desired subject matter content as clearly as possible, carving it into bite-sized pieces, and providing
explicit instruction and practice on each of those pieces so that students master them.

Note there are really two perspective here, one on what mathematics is, and another on how it is
learned. One could in principle hold the first and not the second. In contrast to the content perspective,
and by preference, Schoenfeld proposes the process perspective. In writing about Everybody Counts,
a 1989 report of the National Research Council [15], he says:
. . . . there is a major shift from the traditional focus on the content aspect of mathematics . . . to the
process aspects of mathematics—to what Everybody Counts calls calls doing mathematics. Indeed, content

is mentioned only in passing, while modes of thought are specifically highlighted in the first page of the
section.

The process perspective has taken various forms over the years: the NCTM process standards [16],
the focus on problem-solving as a core activity in reform curricula, and the practice standards of
CCSSM [14]. Again, one might hold a content perspective on what mathematics is and a process
perspective on how it is learned; for example, problem-solving could be a way of learning facts and
procedures. Schoenfeld’s own version of the process perspective is described in [19] as a view of
mathematics as pattern-seeking.

The last sentence in the second quotation above captures a danger of the process perspective: “content
is mentioned only in passing.” The danger is that mathematics content is a backdrop to the action, a
backdrop that can be inaccurate or forgotten.! For example, curricula written from the process
perspective might be organized around large projects that pull different mathematical tools in at
different times. Without careful planning there is the danger that mathematical dependencies get
mixed up. Some curricula are organized around “big ideas,” lists of overarching themes that recur
throughout the curriculum. This can work well if done judiciously; but some ideas in mathematics
are not well-described as “big”: rather they are small but consequential. Completing the square is an
example of such an idea (see [11]).

Approaches from the process perspective—mathematics as pattern seeking, mathematics as problem-
solving, big ideas—have in common what I call the sense-making stance. In this stance, mathematics
is a source of material for important processes such as problem-solving and communication. It is an
important stance, but it carries risks. If mathematics is about sense-making, the stuff being made sense
of can be viewed as some sort of inert material lying around in the mathematical universe. Even when
it is structured into “big ideas” between which connections are made, the whole thing can have the
skeleton of a jellyfish.

I would like to propose a complementary stance, which carries its own benefits and risks.

THE MAKING-SENSE STANCE

Where the sense-making stance sees a process of people making-sense of mathematics (or not), the
making-sense stance sees mathematics making sense to people (or not). These are not mutually
exclusive stances; rather they are dual stances jointly observing the same thing. The making-sense
stance is related to the content perspective described by Schoenfeld, without the unappetizing

' To be clear, that is not what Schoenfeld is advocating; indeed, at the same conference mentioned above he
explicitly said that he intends neither to ignore nor downplay mathematics.
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“carving content into bite-sized pieces.” It views content as something to be actively structured in
such a way that it makes sense.

That structuring is constrained by the logic of mathematics. But logic by itself does not tell you how
to make mathematics make sense, for various reasons. First, because time is one-dimensional, and
sense-making happens over time, structuring mathematics to make sense involves arranging
mathematical ideas into a coherent mathematical progression, and that can usually be done in more
than one way. Second, there are genuine disagreements about the definition of key ideas in school
mathematics (ratios, for example), and so there are different choices of internally consistent systems
of definition. Third, attending to logical structure alone can lead to overly formal and elaborate
structuring of mathematical ideas. Just as it is a risk of the sense-making stance that the mathematics
gets ignored, it is a risk of the making-sense stance that the sense-maker gets ignored.

Student struggle is the nexus of debate between the two stances. It is possible for those who
exclusively take the sense-making stance to confuse productive struggle with struggle resulting from
an underlying illogical or contradictory presentation of ideas, the consequence of inattention to the
making-sense stance. And it possible for those who exclusively take the making-sense stance to think
that struggle can be avoided by ever clearer and ever more elaborate presentations of ideas.

The work entailed in the making-sense stance is mathematical work, so it is not surprising that much
of the work of mathematicians in mathematics education falls under this heading. Wu [22] has written
about “textbook school mathematics™ as a degraded subject that is not faithful to mathematics as it is
understood by mathematicians. Howe and Epp [6] have written about the mathematical ideas behind
place value. Baldridge [2] has constructed a vast edifice of grade-level-appropriate, internally
consistent definitions of ideas that arise in school mathematics.

An important strand of research in mathematics education is composed of work where the two stances
are taken simultaneously, often by pairs of mathematicians and education researchers. For example,
Ball and Bass argue in [3] that
Making mathematics reasonable is more than individual sense making. making-sense refers to making
mathematical ideas sensible, or perceptible, and allows for understanding based only on personal conviction.

Reasoning, as we use it, comprises a set of practices and norms that are collective, not merely individual or
idiosyncratic, and rooted in the discipline.

Another example is the work of Iszak and Beckmann [8], who propose a unified definition of
multiplication that applies to the many situations modeled by multiplication. In their definition a
product is measured simultaneously by a base unit and by a group, which is itself measured by base
units. Their work provides a nice example of coordinating the making-sense stance with the sense-
making stance. On the one hand their work is an attempt to make the diverse array of multiplication
situations make sense through a unified definition. On the other hand, it recognizes the role of the
sense-maker, the person who must make the choice of base unit and group in order to make sense of
a multiplication situation.
We think that mathematics education as a field should seek more completely worked out coherent
approaches to the [multiplicative conceptual field] based on consistency and logical interconnection. The
absence of such articulation may be constraining our capacity to help students and teachers use prior
knowledge and experience to effectively relate topics and construct interconnected bodies of knowledge. It

is one thing to know that multiplication can be used to model a variety of situations and another to perceive
a common underlying structure.
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COHERENCE

Coherence is the sine qua non of the making-sense stance. Schmidt et al [18] talk about coherence of
standards:
We define content standards . . . to be coherent if they are articulated over time as a sequence of topics and
performances consistent with the logical and, if appropriate, hierarchical nature of the disciplinary content

from which the subject-matter comes. . . . This implies that, for a set of content standards to "to be coherent’,
they must evolve from particulars . . . to deep structures.

This definition was elaborated by Cuoco and McCallum [4] to include coherence of curriculum and
coherence of practice. Iszdk and Beckmann argue for a coherent view of multiplication in
mathematics education research [8]. Attempts to bring coherence to school topics also underly the
work of mathematicians mentioned above.

Coherence was a guiding principle in the writing of the Common Core State Standards in
Mathematics (CCSSM) [10] in 2009-2010. An important precursor was the report in 2008 of the
National Mathematics Advisory Panel, which laid out the following principles [17]

A focused, coherent progression of mathematics learning, with an emphasis on proficiency with key topics,
should become the norm in elementary and middle school mathematics curricula.

By the term coherent, the Panel means that the curriculum is marked by effective, logical progressions from
earlier, less sophisticated topics into later, more sophisticated ones.

Standards have an inherent tendency to interfere with focus and coherence, in that they attempt to
reduce a subject to a list, Schoenfeld’s “bite-sized pieces.” The pieces can lose connection with each
other, breaking coherence, and there is a danger that everybody’s favorite pieces get added to the list,
breaking focus. Maintaining focus in CCSSM was a matter of resisting temptation. Maintaining
coherence was a matter of building structures that transcended the bulleted list. See [5], [23], and [10]
for more detail on the process.

One important way of maintaining coherence was to build the standards on progressions: narrative
descriptions of how the mathematical ideas in a particular domain evolve over a sequence of grades
[21]. These were the first documents produced in the writing of the standards. For example, there was
a progression for Number and Operations in Base Ten (NBT) in grades K—5, which told the story of
that domain over the grades. Different progressions were tied together by cross-domain connections.
For example, it makes sense that the place in the NBT progression where students learn about
multiplication should come in the same grade where the geometry progression talks about area of
rectangles. These connections tied the different stories together into a coherent whole.

A particularly knotty area in mathematics curriculum is the progression from fractions to ratios to
proportional relationships. Part of the problem is the result of a confusion in everyday usage, at least

: : . a : .
in the English language. In common language, the fraction B the quotient a+b, and the ratio a:b,
seem to be different manifestations of a single fused notion. Here, for example are the mathematical

definitions of fraction, quotient, and ratio from Merriam-Webster online [13]:

. . . 35 o .
Fraction: a numerical representation (such as g Or 3.234) indicating the quotient of two numbers.

Quotient: (1) the number resulting from the division of one number by another (2) the numerical ratio
usually multiplied by 100 between a test score and a standard value.
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Ratio: (1) the indicated quotient of two mathematical expression (2) the relationship in quantity, amount,
or size between two or more things.

The first definition says that a fraction is a quotient; the second says that a quotient is a ratio; the third
one says that a ratio is a quotient. Thus it would appear that these words all mean the same thing. The
definitions are not wrong as descriptions of how people use the words. For example, people say things
like “mix the flour and the water in a ratio of Z'”

From the point of view of the sense-making stance, this fusion of language is out there in the
mathematical world, and we must help students make sense of it. From the point of view of the
making-sense stance, we might make some choices about separating and defining terms and ordering
them in a coherent progression. In CCSSM the following choices were made:

1. A fraction % as the number on the number line that you get to by dividing the interval

from 0 to 1 into b equal parts and putting a of those parts together end-to-end. It is a
single number, even though you need a pair of numbers to locate it.

: . a . : .
2. It can be shown using the definition that p 18 the quotient a+b, the number that gives a

when multiplied by b. (This is what Beckman and Iszak call the Fundamental Theorem
of Fractions.)

3. Aratio is a pair of quantities; equivalent ratios are obtained by multiplying each quantity
by the same scale factor.

4. A proportional relationship is a set of equivalent ratios. One quantity y is proportional to
another quantity x if there is a constant of proportionality & such that y=kx.

Note that there is a clear distinction between fractions (single numbers) and ratios (pairs of numbers).
This is not the only way of developing a coherent progression of ideas in this domain. Zalman Usiskin
(private communication) prefers to start with (2) and define % as the quotient a+b, which is assumed
to exist. One could then use the Fundamental Theorem of Fractions to show (1).

There is no a priori mathematical way of deciding between these approaches. Each depends on certain
assumptions and primitive notions. But each approach is an example of the structuring and pruning
required to make the mathematical ideas make sense; an example of the making-sense stance.

FIDELITY

Another principle of the making-sense stance is fidelity. In [12] I define fidelity as “the extent to
which a curriculum, or a collection of curriculum materials, faithfully presents the underlying
mathematical concept as it is situated in the discipline of mathematics.” I go on to say that
“mathematical fidelity is not the same as mathematical formality; a mathematical concept can be
presented in a way that is appropriate for the age of the students, while still being presented with
fidelity.”

Examples of lack of fidelity abound on the internet. Consider, for example, this representation found
at [9].




McCallum

0045

—_—

The caption on the figure is

Fruit Halving Function: This shows a function that takes a fruit as input and releases half the fruit as output.

The image would seem to violate the condition that a function have one output for each input, since
an apple has two halves. Or, if we take the caption to mean that the machine is throwing away one of
the halves, there is still the question of which half. A function does not randomly choose outputs from
two possible choices.

Fidelity is to some degree a matter of taste. Consider, for example, the distinction between order of
operations—the set of rules for how to read arithmetic expressions, such as giving precedence to
multiplication over addition—and the properties of operations—the set of rules governing how
operations work, such as the distributive property. In school mathematics these topics are often given
equal salience. However, most mathematicians would regard the first as merely convention and the
second as fundamental law. The order of operations could be changed; there is nothing
mathematically wrong with saying that addition takes precedence over multiplication, in which case
the distributive property would be written a-b+c=(a-b)+(a-c). But the distributive property itself is
fundamental, and has the same meaning no matter how it is notated. Although it would not be
mathematically incorrect in a curriculum to present order of operations and properties of operations
in a flat list with the same degree of emphasis, it would be a little tone-deaf.

This subjective aspect of fidelity means that there can be reasonable disagreements about it. A
making-sense stance takes seriously the task of discussing those disagreements with evidence from
the professional norms of the discipline.

CONCLUDING THOUGHTS

One might take the point of view that the distinction between the sense-making stance and the
making-sense stance is artificial or unnecessary. A complete view of mathematics and learning takes
both stances at the same time, with a sort of binocular vision that sees the full dimensionality of the
domain. An example of this is Arcavi’s paper on symbol sense [ 1], which shifts beautifully back and
forth between the two stances. However, this coordination of the two stances does not always happen.
Rather than provide examples, I invite the audience to think of their own examples where one stance
or the other has become dominant. This has been particularly a danger in my own work in the policy
domain. I hope that spelling out the two stances will contribute to productive dialog in mathematics
education, such as the one that started this article, allowing for conscious recognition of the stance
one or one’s interlocutor is taking and for acknowledgement of the value of adding the dual stance.
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This paper summarises the key messages of the OECD's project Future of Education and Skills 2030
1t focuses on introducing the key concepts being developed for the OECD 2030 Learning Framework,

which sets out the types of competencies, including mathematical competencies, today's students will
need to thrive in and shape the world towards well-being in 2030. It also introduces the key

challenges OECD countries are commonly facing when redesigning curriculum, including
mathematics.

THE OECD NEW PROJECFT: FUTURE OF EDUCATION AND SKILLS 2030

We are facing unprecedented challenges — social, economic and environmental — driven by
accelerating globalisation and a faster rate of technological developments. At the same time, those
forces are providing us with myriad new opportunities for human advancement. The future is
uncertain and we cannot predict it; but we need to be open and ready for it. The children entering
education in 2018 will be young adults in 2030. Schools can prepare them for jobs that have not yet
been created, for technologies that have not yet been invented, to solve problems that have not yet
been anticipated. It will be a shared responsibility to seize opportunities and find solutions.

To navigate through such uncertainty, students will need to develop curiosity, imagination, resilience
and self-regulation; they will need to respect and appreciate the ideas, perspectives and values of
others; and they will need to cope with failure and rejection, and to move forward in the face of
adversity. Their motivation will be more than getting a good job and a high income; they will also
need to care about the well-being of their friends and families, their communities and the planet.

Education can equip learners with agency and a sense of purpose, and the competencies they need, to
shape their own lives and contribute to the lives of others. To find out how best to do so, the
Organisation for Economic Co-operation and Development (OECD) has launched The Future of
Education and Skills 2030 project. The aim of the project is to help countries find answers to two far-
reaching questions:

e What knowledge, skills, attitudes and values will today's students need to thrive and shape
their world?

e How can instructional systems develop these knowledge, skills, attitudes and values
effectively?
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THE OECD 2030 LEARNING FRAMEWORK (OECD LEARNING COMPASS 2030)

This OECD Learning Framework 2030 offers a vision and some underpinning principles for the
future of education systems. It is about orientation, not prescription. The learning framework has been
co-created for the OECD Education 2030 project by government representatives and a growing
community of partners, including thought leaders, experts, school networks, school leaders, teachers,
students and youth groups, parents, universities, local organisations and social partners.

Education 2030: A Shared Vision

The members of the OECD Education 2030 Working Group are committed to helping every learner
develop as a whole person, fulfil his or her potential and help shape a shared future built on the well-
being of individuals, communities and the planet.

Children entering school in 2018 will need to abandon the notion that resources are limitless and are
there to be exploited; they will need to value common prosperity, sustainability and well-being. They
will need to be responsible and empowered, placing collaboration above division, and sustainability
above short-term gain.

In the face of an increasingly volatile, uncertain, complex and ambiguous world, education can make
the difference as to whether people embrace the challenges they are confronted with or whether they
are defeated by them. And in an era characterised by a new explosion of scientific knowledge and a
growing array of complex societal problems, it is appropriate that curricula should continue to evolve,
perhaps in radical ways.

Need for new solutions in a rapidly changing world
Societies are changing rapidly and profoundly.
A first challenge is environmental: e.g.

e Climate change and the depletion of natural resources require urgent action and adaptation.

A second challenge is economic: e.g.

e Scientific knowledge is creating new opportunities and solutions that can enrich our lives,
while at the same time fuelling disruptive waves of change in every sector. Unprecedented
innovation in science and technology, especially in bio-technology and artificial
intelligence, is raising fundamental questions about what it is to be human. It is time to
create new economic, social and institutional models that pursue better lives for all.

¢ Financial interdependence at local, national and regional levels has created global value
chains and a shared economy, but also pervasive uncertainty and exposure to economic risk
and crises. Data is being created, used and shared on a vast scale, holding out the promise of
expansion, growth and improved efficiency while posing new problems of cyber security
and privacy protection.

A third challenge is social: e.g.

e As the global population continues to grow, migration, urbanisation and increasing social
and cultural diversity are reshaping countries and communities.
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e In large parts of the world, inequalities in living standards and life chances are widening,
while conflict, instability and inertia, often intertwined with populist politics, are eroding
trust and confidence in government itself. At the same time, the threats of war and terrorism
are escalating.

These global trends are already affecting individual lives, and may do so for decades to come. They
have triggered a global debate that matters to every country, and call for global and local solutions.
The OECD Education 2030 contributes to the UN 2030 Global Goals for Sustainable Development
(SDGs), aiming to ensure the sustainability of people, profit, planet and peace, through partnership.

Need for broader education goals: Individual and collective well-being

Unless steered with a purpose, the rapid advance of science and technology may widen inequities,
exacerbate social fragmentation and accelerate resource depletion.

In the 21% century, that purpose has been increasingly defined in terms of well-being. But well-being
involves more than access to material resources, such as income and wealth, jobs and earnings, and
housing. It is also related to the quality of life, including health, civic engagement, social connections,
education, security, life satisfaction and the environment. Equitable access to all of these underpins
the concept of inclusive growth.

Education has a vital role to play in developing the knowledge, skills, attitudes and values that enable
people to contribute to and benefit from an inclusive and sustainable future. Learning to form clear
and purposeful goals, work with others with different perspectives, find untapped opportunities and
identify multiple solutions to big problems will be essential in the coming years. Education needs to
aim to do more than prepare young people for the world of work; it needs to equip students with the
skills they need to become active, responsible and engaged citizens.

Learner agency: Navigating through a complex and uncertain world

Future-ready students need to exercise agency, in their own education and throughout life. Agency
implies a sense of responsibility to participate in the world and, in so doing, to influence people,
events and circumstances for the better. Agency requires the ability to frame a guiding purpose and
identify actions to achieve a goal.

To help enable agency, educators must not only recognise learners’ individuality, but also
acknowledge the wider set of relationships — with their teachers, peers, families and communities —
that influence their learning. A concept underlying the learning framework is “co-agency” — the
interactive, mutually supportive relationships that help learners to progress towards their valued goals.
In this context, everyone should be considered a learner, not only students but also teachers, school
managers, parents and communities.

Two factors, in particular, help learners enable agency. The first is a personalised learning
environment that supports and motivates each student to nurture his or her passions, make
connections between different learning experiences and opportunities, and design their own learning
projects and processes in collaboration with others. The second is building a solid foundation: literacy
and numeracy remain crucial. In the era of digital transformation and with the advent of big data,
digital literacy and data literacy are becoming increasingly essential, as are physical health and mental
well-being.
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OECD Education 2030 stakeholders have co-developed a “learning compass” that shows how young
people can navigate their lives and their world (Figure 1).

Figure 1. The OECD Learning Framework 2030: Work-in-progress
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Need for a broad set of knowledge, skills, attitudes and values in action

Students who are best prepared for the future are change agents. They can have a positive impact on
their surroundings, influence the future, understand others' intentions, actions and feelings, and
anticipate the short and long-term consequences of what they do.

The concept of competency implies more than just the acquisition of knowledge and skills; it involves
the mobilisation of knowledge, skills, attitudes and values to meet complex demands. Future-ready
students will need both broad and specialised knowledge. Disciplinary knowledge will continue to be
important, as the raw material from which new knowledge is developed, together with the capacity
to think across the boundaries of disciplines and “connect the dots”. Epistemic knowledge, or
knowledge about the disciplines, such as knowing how to think like a mathematician, historian or
scientist, will also be significant, enabling students to extend their disciplinary knowledge. Procedural
knowledge is acquired by understanding how something is done or made — the series of steps or
actions taken to accomplish a goal. Some procedural knowledge is domain-specific, some transferable
across domains. It typically develops through practical problem-solving, such as through design
thinking and systems thinking.

Students will need to apply their knowledge in unknown and evolving circumstances. For this, they
will need a broad range of skills, including cognitive and meta-cognitive skills (e.g. critical thinking,
creative thinking, learning to learn and self-regulation); social and emotional skills (e.g. empathy,
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self-efficacy and collaboration); and practical and physical skills (e.g. using new information and
communication technology devices).

The use of this broader range of knowledge and skills will be mediated by attitudes and values (e.g.
motivation, trust, respect for diversity and virtue). The attitudes and values can be observed at
personal, local, societal and global levels. While human life is enriched by the diversity of values and
attitudes arising from different cultural perspectives and personality traits, there are some human
values (e.g. respect for life and human dignity, and respect for the environment, to name two) that
cannot be compromised.

Competencies to transform our society and shape our future

If students are to play an active part in all dimensions of life, they will need to navigate through
uncertainty, across a wide variety of contexts: in time (past, present, future), in social space (family,
community, region, nation and world) and in digital space. They will also need to engage with the
natural world, to appreciate its fragility, complexity and value.

Building on the OECD Key Competencies (the DeSeCo project: Definition and Selection of
Competencies), the OECD Education 2030 project has identified three further categories of
competencies, the "Transformative Competencies", that together address the growing need for young
people to be innovative, responsible and aware:

e (reating new value
e Reconciling tensions and dilemmas
e Taking responsibility

Creating new value

New sources of growth are urgently needed to achieve stronger, more inclusive and more sustainable
development. Innovation can offer vital solutions, at affordable cost, to economic, social and cultural
dilemmas. Innovative economies are more productive, more resilient, more adaptable and better able
to support higher living standards.

To prepare for 2030, people should be able to think creatively, develop new products and services,
new jobs, new processes and methods, new ways of thinking and living, new enterprises, new sectors,
new business models and new social models. Increasingly, innovation springs not from individuals
thinking and working alone, but through co-operation and collaboration with others to draw on
existing knowledge to create new knowledge. The constructs that underpin the competency include
adaptability, creativity, curiosity and open-mindedness.

Reconciling tensions and dilemmas

In a world characterised by inequities, the imperative to reconcile diverse perspectives and interests,
in local settings with sometimes global implications, will require young people to become adept at
handling tensions, dilemmas and trade-offs, for example, balancing equity and freedom, autonomy
and community, innovation and continuity, and efficiency and the democratic process. Striking a
balance between competing demands will rarely lead to an either/or choice or even a single solution.
Individuals will need to think in a more integrated way that avoids premature conclusions and
recognises interconnections. In a world of interdependency and conflict, people will successfully
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secure their own well-being and that of their families and their communities only by developing the
capacity to understand the needs and desires of others.

To be prepared for the future, individuals have to learn to think and act in a more integrated way,
taking into account the interconnections and inter-relations between contradictory or incompatible
ideas, logics and positions, from both short- and long-term perspectives. In other words, they have to
learn to be systems thinkers.

Taking responsibility

The third transformative competency is a prerequisite of the other two. Dealing with novelty, change,
diversity and ambiguity assumes that individuals can think for themselves and work with others.
Equally, creativity and problem-solving require the capacity to consider the future consequences of
one’s actions, to evaluate risk and reward, and to accept accountability for the products of one’s work.
This suggests a sense of responsibility, and moral and intellectual maturity, with which a person can
reflect upon and evaluate his or her actions in light of his or her experiences, and personal and societal
goals, what they have been taught and told, and what is right or wrong. Acting ethically implies asking
questions related to norms, values, meanings and limits, such as: What should I do? Was I right to do
that? Where are the limits? Knowing the consequences of what I did, should I have done it? Central
to this competency is the concept of self-regulation, which involves self-control, self-efficacy,
responsibility, problem solving and adaptability. Advances in developmental neuroscience show that
a second burst of brain plasticity takes place during adolescence, and that the brain regions and
systems that are especially plastic are those implicated in the development of self-regulation.
Adolescence can now be seen as a time not just of vulnerability but of opportunity for developing a
sense of responsibility.

DESIGN PRINCIPLES FOR MOVING TOWARD AN ECO-SYSTEMIC CHANGE

The OECD Learning Framework 2030 therefore encapsulates a complex concept: the mobilisation of
knowledge, skills, attitudes and values through a process of reflection, anticipation and action, in
order to develop the inter-related competencies needed to engage with the world.

To ensure that the new learning framework is actionable, the OECD Education 2030 stakeholders
have worked together to translate the transformative competencies and other key concepts into a set
of specific constructs (e.g. creativity, critical thinking, responsibility, resilience, collaboration) so that
teachers and school leaders can better incorporate them into curricula. Such constructs are currently
under review.

They have also built a knowledge base for curriculum redesign. Curriculum change assumes that
education is an ecosystem with many stakeholders. Students, teachers, school leaders, parents,
national and local policy makers, academic experts, unions, and social and business partners have
worked as one to develop this project. In its work across different countries, OECD Education 2030
has identified five common challenges.

1. Confronted with the needs and requests of parents, universities and employers, schools are
dealing with curriculum overload. As a result, students often lack sufficient time to master
key disciplinary concepts or, in the interests of a balanced life, to nurture friendships, to
sleep and to exercise. It is time to shift the focus of our students from "more hours for
learning" to "quality learning time".
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2. Curricula reforms suffer from time lags between recognition, decision making,
implementation and impact. The gap between the intent of the curriculum and learning
outcome is generally too wide.

3. Content must be of high quality if students are to engage in learning and acquire deeper
understanding.

4. Curricula should ensure equity while innovating; all students, not just a select few, must
benefit from social, economic and technological changes.

5. Careful planning and alignment is critically important for effective implementation of
reforms.
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ICMI Study 24

SCHOOL MATHEMATICS CURRICULUM REFORMS: CHALLENGES, CHANGES AND
OPPORTUNITIES

Tsukuba, 26-30 November 2018

INTERVIEW WITH DR. JEREMY KILPATRICK

Interview by Yoshinori Shimizu and Renuka Vithal

Dr. Jeremy Kilpatrick is emeritus Regents Professor of mathematics education at the
University of Georgia, USA. He is a winner of the Felix Klein Medal for 2007 for his
sustained and distinguished lifetime achievement in mathematics education research and
development. He is an internationally renowned researcher and has published
groundbreaking papers, book chapters and books in many area - many of which are now
standard references in the literature - on problem solving, on the history of research in
mathematics education, on teachers' proficiency, on curriculum change and its history,
and on assessment. In particular, his publications include the seminal work, “Curriculum

Development in Mathematics” (Howson, Keitel, and Kilpatrick, 1981).

This special interview session, invites him to reflect on one of the themes from the ICMI
Study 24 on school mathematics curriculum reforms - Theme A: Learning from the past;
and to share his perspectives with the audience (See ICMI Study 24 Discussion Document
in these Proceedings). He addresses key questions about the driving forces and barriers

shaping mathematics curriculum reforms.

Y: 1. In your seminal book Curriculum Development in Mathematics, you, Keitel and
Howson identified several mathematics curriculum approaches in the period
leading to the 80s such as the New Math approach, Behaviourist approach,
Integrated approach and several others. How would you characterize the main
curriculum development approaches (or some might say movements) since the 80s

until the present day?

J: Well, T guess there are two, I would say two major directions in which curriculum
development has gone. One is in response to the New Math approach. There have been,
since the 1980s, a number of projects to build curriculum around the more applied parts
of the subject matter, including statistics and other ways of looking at representations of
Mathematical problems, especially looking at how children can approach practical

problems. One of the big arguments against the New Maths was that the pure math didn’t
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have applications or at least the students were not introduced to applications. And so, in
response to that, a number of projects, in a number of countries worked on applications.
Today we have many, many applications for the earlier grades, which we didn’t have

during the New Math era.

When I was teaching in Berkley, California, I took a summer school course at Stanford
and one of the instructors of that course was Morris Kline, (that’s different from Felix
Klein). But Morris Kline was, in the US, probably the most critical person of his day of
the New Math. He eventually wrote a book “Johnny can’t add” (Kline, 1973), which was
an attack really on what the New Math had tried to do because Morris was a professor of
applied mathematics at New York University. I knew him after I had had him as an
instructor. He wanted us to get, he wanted to build, if he could, a curriculum of
applications of mathematics for students, because he considered that a better way to get
into the subject matter. There were a number of back and forth discussions of that sort of
thing in the US at that time, and so clearly one of the approaches that came after the New

Math was looking at applications.

What I’m thinking about the school mathematics curriculum is to say that it really has
two foci. That it has two poles, it’s bipolar. It’s bipolar in the sense that originally the
elementary curriculum did not have many pure aspects to it. It was mostly applied,
arithmetic with some simple geometry. But over time that changed and during the New
Math era, some abstraction and some pure mathematics were introduced into the earlier
grades. The other pole, the other part of the bipolar thing is that pure mathematics had
always dominated the secondary curriculum. Now that’s because the secondary
curriculum wasn’t for every child, at least originally, it wasn’t. That’s what happened,
during this prior century, was that more and more children were studying secondary
mathematics, all around the world. But before that time, the secondary curriculum was
really just for people who were going on to universities. Therefore, it was rather pure and
rather removed from the real problems. Over time, what happened was that these two
poles - the pure mathematics and the applied mathematics - became more mixed and
that’s what we see today. In fact, we have many more applied mathematics topics in the

curriculum today, then we did back in the 1980s. So that’s one of the big differences.
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Another difference that one finds in curriculum projects today, has to do with, what has
been called the social turn in mathematics education. Rather than just looking at how
does the individual child learn, projects and curriculum developers are looking at how do
classes of students learn and how can we treat the social aspects of mathematics learning.
That has been a big focus in recent years, and there are a lot of projects that deal with
that sort of thing, because people recognize that the situation in which you learn
mathematics affects the mathematics that you learn. And that was not really well-
understood and thought about in the 1980s. So, I would say that the social turn and the
applications of mathematics are the big changes. There are other changes too.
Technology, we will talk later about that I guess, technology has certainly helped with
both of those things actually.

So, technology by itself, has made quite a difference in the school curriculum.

R: Jeremy where would you include the cultural aspect in that description that you just
offered. Or do you think culture has not made enough in-roads yet. In the description
when you talked about the social turn and you gone on to talk about technology, I just

wondered whether you would insert culture anywhere along that.

J: Certainly, I think that’s one of the things we’ve seen now, is that we cannot think about
developing curriculum without taking into account the culture of the classroom, and that
was one of the things that happened during the New Math era. People thought if we just
write new textbooks and gave them to teachers, everything will happen and that there
would be a change and so forth. One of the hardest lessons, I think that came out of the
New Math movement (and we do talk a little bit about it in the last chapter of this book
— Li and Lappan, 2014), the hardest lesson was to recognise the teacher was the critical
person in curriculum reform. That is, if the teacher didn’t understand why the change was
being made or understand what the change was, it didn’t matter what materials you gave
to the teacher. The teacher had to be part of this process of understanding what is going
on here and fitting it into the culture of the classroom. Because, that’s another thing that
we learned, is that every country has a different classroom culture when it comes to the
teaching of mathematics. There are some that have some connections to each other. But
around the world, there are lots of different cultures. In some cases, the teacher is

expected to pose all of the problems, and in the other cases, the book is supposed to have
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the problems and all the teacher does is help the students work. Countries differ quite a

bit on that question.

The other part of the social turn is whether the teachers work together on mathematics
instruction. In some countries, each teacher just closes the door and does what she or he
wants to do. In other countries, teachers, at least in principle, work together and help
each other change. We did some studies in this in the US on curriculum development
and found that it was only when there were groups of teachers working together that we
got good curriculum change, because when teachers try to do it on their own, there were
so many barriers and so many problems making the change, that it was not successful. It

was teachers working together that made the difference.

Y: So Jeremy has mentioned bipolar...

J: Yes, I want to stress that bipolarity because I think that’s an important quality of the
school curriculum and every teacher and every country has to deal with: - how much
attention do we give to the purer side of mathematics. The New Math thought that it
should be entire but that didn’t work really as well as people thought. So how much
attention do we give to the pure part of mathematics and how much to the applications
and how much do we engage together. Because it turns out if the applications are well-
chosen and can be understood by the children then that helps them move toward the purer
parts of the field. But if you just ask pure mathematicians about what the curriculum
should be, they tend not to recommend applications. There are problems with
applications. Teachers don’t necessarily know them and they don’t know how to handle
them in the class if they have not seen that done. But when it works, it works well because
the kids can say, “Oh! Now I understand where I would use this mathematics”, which is
one of the big problems with pure mathematics. “When will I ever use this?” is the natural

question students ask.

R: In this bipolar situation of pure mathematics and applied maths, as much as both
elements appear in the curriculum, would you say the shift has been more towards the
applications, especially given by the fact that more learners go into secondary and the
big focus, for example, on maths literacy. Do you think that’s pushed curriculum reforms

more into the application part of the bipolar...
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J: Yes. I would say in general the stronger force at the moment, at least over the past
decade, has been in that direction, toward applications. And it’s been difficult, as I said
for the teachers, because their own training doesn’t necessarily include much exposure
to applications. So, they are having to deal with applications they may have not studied
in their own preparation. And so, if the curriculum reformer is going to try to get teachers
to do work on this, they are going to have to explain some of these applications. The
whole idea of trying to organize the applications into a coherent curriculum is a special
problem of its own. In a sense, pure mathematics is easy to organize into a curriculum
because everything is sort of logical and connected and so on. But the question of: what
order do we take these applications; where do we start with applications; and which ones
do we use. Those are big questions. Nonetheless, as I say, the experience we had, but this
is in the upper secondary course that we studied in several places in the US, the teachers
told us that the students loved those examples of applications of mathematics, that it
really helped them understand why they were doing this mathematics. And they
understand much more about functions, for example, then they would have from just a
pure mathematics approach. So, I think there are pedagogical values in working with
applications even though it’s difficult to put together a sensible curriculum made up
largely of application. That’s the problem. How do we weave together the pure
mathematics and the applied mathematics? But I would argue that whatever we do, it’s
going to be some kind of coalescence of pure and applied. We can downgrade the applied
part and we have done that in the past. But I think for pedagogical reasons, there are good
pedagogical reasons for raising the level of the applications and the number of

applications. It’s just that we have to be careful about how we choose those.

R: Can I just follow with one more question, it’s a little bit on the side. Do you think
Jeremy, this point that you have just made on application, this move towards more
applications, explains to some extent, the lack of students in some countries moving into

mathematics in the post-school era?

J: Yes, I think it is a problem. And there are lots of problems associated with bringing
applications into the curriculum. Parents may say, “why is this in here; I didn’t study this
when I was in school, why are you having students to do this; this is not mathematics”.

Mathematician will tell you, “this is not mathematics, these are applications, they are not

21



part of mathematics”. And so, for some mathematicians, it is ruining the subject, to bring
in applications; even if it makes students happy, it is not staying true to what mathematics
really is. As you suggest Renuka, if we stick with pure mathematics, with no application,
what students cannot see, “when will I ever use this?”, it’s not surprising that they don’t
go on to take more mathematics. So, I think for self-preservation, mathematicians and
mathematics educators should work on the question of: how do we orchestrate the

curriculum so that applications play a good role?

There is even a problem with the word applications, because it implies first you do the
mathematics, then you apply it. And actually, it can go the other way. You can start with
a good application, with a situation where mathematics can be applied, and then you can
show students or they can learn how mathematics comes in, is brought into the situation;
and helps them see, what good is this, “I’m learning quadratic functions” and “what good
does that do me”. Well, if you have a good application then you can convince people that

it does work and people do need to know this.

Y: And the emphasis on mathematical modeling in recent years, may be related to this

issue and the authenticity problem.

J: Exactly. I didn’t mention that mathematical modeling and statistics and other types of

applications are a part of this movement towards applications

R: Just to conclude this point, maybe to say, I think it will be interesting in our study, to

what extent, as we look across countries, this has in fact happened.

J: 1 think it will be interesting and it will probably be dependent, in part, on the balance
between the pure and applied mathematicians who are working on curriculum
development as well as the mathematics educators; how comfortable are the mathematics

educators themselves with applications of mathematics. It’s something new for all of us.

Y: I think this is a very important point, of having these two interwoven in a very nice

way.
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J: Well, that is one way of characterizing a country’s curriculum. I think it will, in your
study, be very interesting to show us different ways in which countries have done this or

are doing it.

Y: 2. Historically and as evidenced in the New Math era of the last century, the
discipline of mathematics and mathematicians played a strong and influential role
in shaping school mathematics curriculum reforms. Is this still the case? Why yes

or no?

J: This is certainly connected to what we were just talking about. During the New Math
era, there were a lot of mathematicians, as you say, played a strong and influential role
in shaping the curriculum. And some of them, in a way, got burnt. They thought that they
knew what primary school children should learn, and they wrote books on that. Teachers
had trouble with it and the students had trouble with it. It didn’t turn out the way they
thought it would be. It’s one thing for mathematicians to talk about the secondary
curriculum, because the connection between that and what’s happening in the colleges
are clear. But what mathematicians had to say about elementary or primary school
curriculum, that is a different story. There are some mathematicians who had stayed with
this topic. But in general, there are not a large number of mathematicians who feel
comfortable working on school curriculum. In general, it’s not a rewarding thing for them
to spend time on school mathematics, because they have their own area to work in and
they get their rewards from proving theorems and doing other things like that. In

mathematics, there is not much rewards for mathematicians to spend time on this.

In the past, individual mathematicians, like Felix Klein and some more people like that,
they looked at the school curriculum and said that it needs to be made more like the
university curriculum, and now that was a part of what their contribution was. Felix Klein
probably did the best job by introducing functions as a concept and making calculus the
end point of secondary education. Klein really had an impact on the school curriculum.
So, throughout history, we have had mathematicians who helped us understand how the
secondary curriculum could be made more like what the university curriculum was
becoming. But the question of what kind of help mathematicians could provide the
primary curriculum, that proved to be much more difficult and we had fewer people

working on that. The question of modelling and statistics and that sort of thing, again
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more mathematicians did not want to work. They don’t consider statistics as mathematics.
They don’t really see the point of it. And yet, it’s something students need to know; and
most countries want to make it part of school mathematics. So, we have to get more
statisticians to help us understand what mathematics of statistics should be in the schools.
So, mathematics and mathematicians have played strong roles, but again, as I said earlier,
it’s now the applied parts of mathematics. And it’s the applied mathematicians who, I

think, have more to offer us than what the pure mathematicians were during 1980’s.

R: So Jeremy one of the areas we are interested to look at — the idea for this study also
came from a colleague in Costa Rica who was involved in curriculum reforms — one of
the points we discussed was that in more recent curriculum reforms, for example, teacher
unions have a strong say in how a curriculum may (or may not) unfold, given the
challenges that a new curriculum may demand on teachers. I wondered what your
thoughts on that was. If we look at the period of the New Math era, it was also the time
that mathematics education as a discipline was coming into its own. Also, at this time,
different groups of researchers in different parts of the world, were researching primary
mathematics and beginning to influence mathematics curricula a lot more. But it feels
like, in more recent times, mathematicians and even mathematics educators, perhaps for
the reasons you have already mentioned, are not really involved or participating in

curriculum policy. Would you agree with that or do think that is not yet the case?

J: T think there are not as many people, mathematicians who are working in the area of
curriculum, for some of the reasons as I said. But I think they also discovered during the
New Math era that it was more work than what they thought it was going to be, and they
didn’t necessarily have much to offer. But if we learned anything from that period, we
learned that teachers have to be a part of the conversation. If the teachers are in a union
and not interested in pursuing curriculum development, then we are going to have a hard
time. So, what we have to do is to convince teachers that it is in their interest to participate
in the curriculum development. Again, one of the lessons we learned is that it is simply
not enough to prepare materials for teachers. What one has to do is professional
development with the teachers - professional development which the teachers themselves
conduct and work together, and again we come back to the social turn. The teachers have
to work together to change the curriculum. And they can do this in their own schools.

The teachers in the school can be a team to be changing the curriculum in the school. But
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they need help. So, we need to figure out ways to organize teams of mathematicians,

mathematics educators and math teachers to work together on changing the curriculum.

And helping the teachers see what changes are needed and how to make those changes.

Y: In the case of Japan, we have a national committee of mathematicians, math educators
and math teachers, and people from outside areas of the school contexts. All the
committee has discussion to do the curriculum development and has been done by such

a mixture the people...

J: T think that is the way a country needs to do it. Bringing the people from outside as

well as those sorts of the things.

R: In fact, we have a panel which is made of math educators who have participated in a
national or major curriculum reform. I think it is going to be very interesting to hear about
that from different country perspectives. How this has changed, and is it the same across
different country contexts or how is it different. And who are the main agents of change.
Who has become the main agent of the changes that eventually, after very contested
processes, settle into the curriculum, and about the kinds of math content and what gets

agreed about the kinds of approaches, assessments and so on.

J: You mentioned earlier about the researchers, and I think that one of the lessons that
has been learned is that people who want to research the curriculum cannot do it without
engaging with the people in the classroom. And those that are going to be doing the
reforms and creating the materials and creating the teacher development plans, that
research can’t be separated from all of that and has to be tied into that. I think some
researchers have made the mistake of going to study the curriculum as if it was out there.

But they need to be a part of the change, in order to study it.

R: In fact, Jeremy would you say that we have not really studied that curriculum making
process, you know, in how curriculum reforms are motivated and then actually happen
and the policy making space — it is not well-understood how the contestations play out.
That it is an intensely political process as much as it may have debates about content and

pedagogy and so on.
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J: Yes, that’s right. Actually, this book, Mathematics curriculum in school education (Li
and Lappan, 2014), one of the themes of this book is, we haven’t really, even though
people in here make some effort to talk about it, we haven’t really done a good job of
studying how this process works or could work in schools around the world. We just
don’t know, and this is a sort of a first step. But it’s clear, despite an enormous amount
of curriculum development work, we do not have an enormous amount of curriculum

development research. And that is what your project is going to be working on.

Y: In the context of the United State it has been much more complicated...

J: The United State offers the same thing as a number of different countries, that’s right.

R: Expand a bit more on the US context for us Jeremy. I know the process may be very
different across different states but what are your reflections on how you see this aspect
in the US.

J: Well, first of all, the United States is almost unique in the fact that we don’t have a
ministry of education that choses the curriculum. And one of the articles of faith in the
US public is, we don’t want Washington telling us what our curriculum should be, and
what we should be teaching. So, all of our efforts in recent years is to bring some structure
into the school curriculum across the country, and having to face up to a public that says

“we don’t want this”, and “who are you to tell us what to do”.

The fact that we have a National Council of Teachers Mathematics setting up the
standards programme. That’s very unusual. I don’t know of any other country that has
something like that happening. So, I’ve heard from people saying, who chose the NTCM
to do this work. Well, they may have decided to do it themselves, and the government
didn’t set it up. But the government has in some cases embraced it. That’s one of the
problems we’ve had. We’ve had political problems attributed mostly to the fact that we
don’t have a national curriculum. And some people think we should have one, and other
people say no. We have never had a national curriculum. So, there are a lot of divisions
about that, and if you start offering something as a core curriculum that everybody should
work on, you’ll get a lot of politicians who say “no, don’t you” and parents, and others

“don’t do that”. We have some kind of a special situation. Elsewhere around the world,
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I think there is more acceptance of a national curriculum. There is a wonderful quote in
the book I remember all of the time. Essentially it goes back to the time when the UK
didn’t have a national curriculum. Before the UK had the national curriculum, one
minister said about the UK, everyone is supposed to be going his own way, nobody is.
In the France, everyone is supposed to be doing the same thing, nobody is. So that sums

up the difference between what politicians say and what teachers do.

Y 3. With the rise and dominance of technology, what is your prediction about the

nature, role and place of mathematics in school curricula in the next decades.

J: My prediction is that mathematics will become more applied as teachers learn more
about how to handle the application of mathematics. So, I would expect that programmes
based on modeling, on statistics, or other applications of mathematics will grow as soon
as teachers can learn what they want to do with that. But I think the focus of the push
will be in that direction, because the technology is allowing us to deal in the classroom

with the applications that were never possible.

When I was teaching 16 years ago, we could not do a lot of the applications, because we
didn’t have computers, and the students couldn’t do the calculations that were needed, in
order to figure out these applications. So, it was not possible, even if we had those good
applications, we could not handle them very well in our classroom because the students
would get bogged down in the calculations. Today we can use the computer, and let the
computer do the calculations. Then they can go much farther, and I think that we are
moving in that direction. I would guess that school mathematics is going to become a
much more applied subject. But again, I think that one of the things that will hold us back
is the teachers are not sure what to do with that and they don’t necessarily know the
applications. Although, I think, a lot of them are out there, they can look online for some

things too but they may not be comfortable with that. So, it will be a slow process.
Y: And again, teachers should be key players for these advanced lessons.
J Absolutely, because they are the ones who know the kids in front of them, they are the

ones who know what these kids can do or cannot do, and we need to trust the teachers to

bring in the applications that these kids will be able to learn from.
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R: Do you think that if we move toward more applications that in some ways that could
lead to a kind of splintering of mathematics, or in a way the mathematics disappearing
into the application. So that we have modelling maybe or different areas of applications

kind of emerging in their own right.

J: That could happen. It depends on the culture and the country and the circumstance.
That could happen, but I would guess that because people who become mathematics
teachers are attracted by the mathematics, they will always preserve a certain part of their
teaching to paying attentions to mathematics. They know what the mathematics is or they
should know. And they want to convey to the students the interest that they find in
mathematics. Mathematics is interesting in and of itself as well as in its applications. I
think that teachers understand that, and I think they should prevent mathematics from

being taken away.

R: Except Jeremy, the students of today who are attracted to mathematics by the
applications, may not have loyalty to the mathematics. The future teachers may not have

loyalty to the mathematics because they are attracted to the applications.

J: Again, that depends how the curriculum is orchestrated. Because what should happen,
in my opinion, is that the applications should be a stimulus for looking at the mathematics.
In other words, I would say that if the teachers are not showing the mathematics behind
or allowing the students to discover the mathematics behind the applications, then yes,
the mathematics is going away and it’s only the application that’s interesting. But if the
teacher is well prepared and understands what is going on, they will help the students see
the mathematics that is in the application. It’s ridiculous to do applications of
mathematics and not at all look at the mathematics which you are applying. You need to
consider how has the mathematics been used in this application, and let’s talk about that.
So, the curriculum has to be orchestrated, so that the applications and the pure parts are

connected.

R: Do you think mathematics will continue to be valued and regarded as important into
the future?
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J: Yes, I do. I think it will. I think all of us went into it because we saw something in it
that has not gone away, even as the applications have been modified. There are still
important ideas of pure mathematics that need to be understood and that are important
for society. We cannot just throw that away. So, I think that mathematics will continue
to have a good place in the academy. It goes all the way back to Plato and still today,
maybe mathematics departments are not seen in the same way today as they were in

Plato’s time, it’s still a subject that has a lot of respect, I think.

R: Let’s come to the technology, how do you see the technology changing how we teach

and learn maths, and what do you see technology doing in the maths curriculum.

J: The main point I see is that the technology allows the teacher a way of getting into the
mathematics they could not have done before. I am so impressed by some of these
applications that are out there, used to illustrate mathematical ideas. I could never have
done that when I was teaching. I didn’t have computers in my class. I couldn’t have done
it. As I go back to the point Morris Kline made that these applications have to be found
and brought into the curriculum. At the time, I heard him as an instructor, we couldn’t
do it because we couldn’t find the applications. But today, the applications are all over.
They can be handled by students if curriculum developers can put them in the right frame

and help teachers teach the mathematics behind the applications.

Y: Is there any chance of a much more related connection to science and mathematics

through applications? The applications of mathematics which you are talking about.

J: Science and mathematics are too different fields, at least here in the US. And I’'m in a
department of mathematics and science education. We like our colleagues in science
education, but they do different things than we do, and they have a different culture than
we have. Partly that’s because, I guess [ am not sure how much this is specific to the US,
mathematics is a required subject all the way through school, and science is not. So, they
have a different job than we do. What mathematics educators do is different from what
science educators do. Even though we are working in the field that are very close together,

I think they are coming a little bit closer. But I don’t expect them ever to join completely.
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Y: I think in some countries just like a close disciplinary curriculum development might

be on going.

J: Well, we have an example of that in this book (Li and Lappan, 2014) - unified
mathematics and science. But that has not been sustained. We haven’t been able to keep

alive, the connections between mathematics and science. So, I don’t know where that’s
headed.

Y: So now we have listened to the voice of STEM education around the world, which

makes a lot of issues.

J: A lot of people who work on STEM are worried about the mathematics parts coming
out of that. I think maybe there is something to be worried about. It seems to be the

direction we are headed.

Y: 4. It could be argued that the School Mathematics Standards developed by the
USA have influenced national mathematics curricula in many countries, but
continue to appear to be controversial within the USA - Do you agree with this

statement and if so, what is your explanation for this in the USA.

Yes, it’s partly because it became involved in political matters. At the time of the New
Math era, when we wrote our book (Howson, Keitel and Kilpatrick, 1981), politicians
did not have any connection to the school mathematics curriculum. There were no cases
of politicians saying “vote for me and we will have this curriculum in the schools”, with
the one exception of Germany. I think Germany was one country where there were
different plans. Politicians who took different sides on the German school mathematics
curriculum. But Germany was the only case I’ve ever heard of. But I think in the US
today, there are politicians who say, “if you elect me, we will go back to that curriculum,
we will not follow this curriculum”. And in particular the Standards and the Core have
been debated. We have a movement to privatize school education and that movement is
caught up with some politicians on one side and other politicians on another side. And
somehow the mathematics curriculum gets connected with that. It started largely with the
idea, should we teach mathematics to everyone, or shall we teach it just to the people

who deserve it, or shall we have different curricula for different pupils. And politicians

30



have gotten into that to say “well, these people are trying to teach the same mathematics
to everybody, they are ruining mathematics”. There are mathematicians who say that. So
somehow politicians, mathematicians and mathematics educators are involved in
discussions today, in the US, that they were never involved in during the New Math era

- it was not a political issue at the time.

R: So, Jeremy, are you saying that what we see now is, where mathematicians, for
example, disagree maybe with the curriculum reforms being proposed, then actually
involve politicians because that would be one of the ways they could effect the change,

that they may not be able to do with just their voice.

J: Yes, that is how I see it. It’s connected with the idea of should we teach the same
mathematics to everyone, can everyone learn the same mathematics. One of the ideas
during the New Math was that we ought to have a constant standard curriculum, which
may take some students longer to cover that math materials. But it ought to be the same
for everybody. This was the general idea in the New Math. But that idea is not widely
accepted in the US. We have lots of cases where students are given a test at the end of a
certain grade and if they don’t do well in the test, they are put into one set of classes; and
if they do well, they are put into a another set of classes. So, we have layers of
mathematics, if you do well on a test, you get a certain mathematics, and if you don’t do

well, you don’t get it.

R: Is that happening in the compulsory phase of schooling or is it happening in the post

compulsory. I’'m assuming, is it happening in the elementary or junior secondary...

J: It depends. It happens in different ways in different parts of the country. There are
schools which have different primary courses in mathematics for different students. If
you do well, you are put into one course, and if you don’t do well, you are put into another

course.

R: In primary?

J: Typically, it comes in the middle grades. Typically, a line is drawn around grade eight,

and if you pass, you go into one program, and if you don’t, you go into another. But in
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some cases, it happens earlier than that, in the primary grades. It almost never happens
that students are kept together as a group all the way through to the 12% grade. That
almost never happens. So, we haven’t figured out what we want to do. I mean there is a
lot of rhetoric that says “we should keep kids together in the same class to learn
mathematics regardless of what mathematics we are teaching”. And there are others who
say “no, we have to separate them because some of them are going to do well, and others
who are not going to do well, and we shouldn’t put those people into the same class”. So

that’s a political issue in many places.

R: In the senior secondary, I recently read that students do have choice. This was an
interesting article kind of showing that more students are beginning to say, take statistics
compared to other areas, like algebra, and so on. In the later years it looks like the

selection is by topic areas.

J: Yes, it is different for different topic areas, that’s true. But I think each country has to
deal with the question of: when do we start differentiating the curriculum, and how do
we give students’ choices, how do we give anybody choice, and who chooses, the
teachers, the parents, the students, and what are the paths that students can take? When
do they start taking mathematics and do they have to take it every year? Those are all
questions that each school system, or each nation has to decide. Are we going to teach

the same mathematics all the way through school? Most places say no, we should not.

R: Yes, that’s right. In most places, somewhere along grades 9 or 10 or generally in the
post-compulsory school era there is differentiation, either by kind or by content or by
combination of topics. This is also a very topical issue in the South African context,
where coming out of the Apartheid era we have a stronger view to wanting everyone to
do the same but because of the inequalities in resourcing and so on, the outcomes are in
fact very inequitable. So, the idea that everyone does the same, results, in fact, in quite
starkly different outcomes. But it’s one of the ongoing debates in South Africa. I suppose

in Japan, where it is more homogeneous, it might be different.

J: T think this is an issue that every country has to solve somehow. Different countries

have done it differently.
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Y: For example, in Singapore the differentiation is much earlier.

R: So, I think what will be very interesting out of this discussion, would be to see what
shapes different approaches in different countries and what drives it - how politicized it
is, what drives the eventual decision about how far a single curriculum is taken by
students and then if it differentiates, in what ways. I don’t think we have studied it across
a range of countries and studied how young people are treated after a particular age or

grade level.

J: Yes, and in particular, what is the role of the mathematics teacher is in these decisions,

and what is the role of mathematicians, what is the role of the public and the politicians.

Y: 5. We may have some other topics, but the final question is related to theme D
actually, the globalization and internalization of mathematics curriculum in terms
of a society that is changing. What is your opinion about the rise of international
comparative studies in mathematics performance and their impact on mathematics
education? For example, the OECD’s PISA or TIMSS have strong impact on math
curriculum reform, I think. Would you regard their impact as mainly positive or

negative on school mathematics curriculum reforms?

J: That’s the most difficult question, because I can see positive outcomes, impacts. I can
see the negative impacts. The positive thing, I think, is that it has made some countries
at least, aware of what’s happening in other countries, and what their curriculum looks
like. And it has for all of us, allowed us to see across the world what kids can do and
what kids cannot do. So that part, I think, has been positive for people in their own
country to see what their own kids can do, and then to compare that with kids in other

countries.

But the negative aspect is a problem, because these are all artificial frameworks that have
been drawn up for different purposes. I have made criticisms of efforts by American
educators to try to use the data to make points about the US schools, because TIMSS is
one thing and PISA is another. You can’t mix the two, that’s the one issue. But the other
is that these are pretty arbitrary. PISA is trying to get a picture of how 15-year olds can
deal with applications of mathematics, largely. And whereas TIMSS is trying to give a
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picture of how well kids at different levels, now 8" grade, come out of the math

programme, what can they do, and what cannot they do. And all this is pretty arbitrary.

I very much remember a conference in Malaysia, where I heard someone from Singapore
say that they were going to look at how the Singapore kids did on the different kinds of
questions in PISA, and then they were going to change their curriculum to deal with the
places where the students were not doing so well. That struck me as completely
backwards, because you don’t want to use the framework to say this is how our
curriculum should be. You should decide what your curriculum is and if it doesn’t match
what PISA has, “Okay it doesn’t match it”. But the idea that the people from Singapore
were going to be taking the PISA framework as the gold standard, I don’t buy that. I
worked with some of these people in putting these frameworks together. These are just
opinions of some people that this should go in there, and that should not go in there. I
remember in TIMSS, at one point there was a question on conversion from Fahrenheit to
Centigrade. For people in the US that makes a certain amount of sense. We don’t have
or we haven’t gone completely metric. But for the rest of the world, it didn’t make any
sense, so they threw those questions out of the TIMSS frameworks, because it only
applied to one country that we can figure out. So, it wasn’t good enough to put on the
TIMSS. These are arbitrary constructions of experts. OK experts. But who says they
should be what the people in a given country are using as their gold standard, as their
framework. That’s a problem I think in these international comparative studies are being
misused when the framework is taken as the thing which we want kids to be able to do.
It’s helpful. It gives some general idea of how your kids are doing on this topic or that
topic. But to use it as an overall evaluation of what your country is doing is, I think, a big
mistake, because a lot of the things you doing in school mathematics may not be on the
test. They are not there. They don’t show up. But they are important things that your kids
are learning. So why not keep them there. I think it’s terrible that these frameworks are
becoming the gold standard. If they are teaching something out of the frameworks, then

we shouldn’t be teaching it.

R: Are you agreeing, in some ways, the backwash effect from these international studies
is resulting in more and more convergence around the kinds of curricula, the frameworks
that are emerging across very different countries, notwithstanding, very different

contexts, very different cultures, social situations, and so on.
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J: Exactly, that’s what bothers me the most about it. I mean I understand that in order to
make comparison you have to have a common measuring stick, but you don’t have to
take that measuring stick as the goal for your curriculum. That’s where I think is the
problem. If you using the measuring stick as this is what we want, you haven’t solved
the curriculum problem for your country, because these things are a kind of consensus
documents, these frameworks. As I say, you and your country may be teaching something
very important and very good, and getting good outcomes. But it’s not measured on
TIMSS or PISA. Does that mean you should throw it away? I don’t think so.

Y: But the TIMSS and PISA can be used for the political talk in the education

communities still. It is a strong influence on the communities.

J: Yes, and that has its down sides as well. I agree. In the US we don’t do well in these
things, and we very seldom look closely at the PISA results. TIMSS seems to dominate
our attention, PISA doesn’t or doesn’t get as much. That’s kind of crazy too, because I
think both have something to tell us. It’s just that the message doesn’t come through very
clearly. As I said, people get into comparisons between states, for example, or between

school systems on the basis of these tests. It’s not a good idea.

R: Would you also say that the rise of these tests and the way the TIMSS and the PISA
results are announced and played out in the media, results in a greater politicization of
the curriculum, more than it needs to be, because then people speak about the maths
curriculum, and about maths and maths education almost all the time with reference to

these tests.

J: Yes. We haven’t learned yet to put a distance between ourselves and these results, but
I think as the results power up, and as people get use to these situations, it may get better,
because then people stop being attracted by the ... Well for one thing, they stay relatively
constant, so there isn’t much to be gained from the way the results are being reported.
But I think there is a kind of lack of attentions that’s happening. That’s probably a good
thing.

Y: Just come back to the issue of the PISA literacy concept. Mathematical literacy tells

us something like to be reflective as a citizen, an effective citizen. Mathematics could be
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used for that. This message sounds quite attractive in a sense for educational purposes.
In some countries including Japan, Korea, and some other countries, the Danish

curriculum, is based on competencies — not content but process aspects...

J: That’s the point, I should have made when you asked me about the changes since
1980’s curriculum development, because I think that’s another direction that curriculum
development has gone - away from content toward process. Maybe that’s connected to
the application idea, but it does seem to be the case. As you mention, Denmark, Japan,
Korea, these are countries, by looking at mathematical literacy rather than knowledge
and specific content, are looking for other outcomes from school mathematics. And that’s
a good thing, I think. So, to the extent that PISA gives us some ideas of mathematical
literacy, I see that as very good. But unfortunately, what happens when the results are
reported, at least in the US, all we get are these numbers in the newspapers. Japan was
here, and the US was here. We don’t get any discussions of the mathematical literacy of

the US students or Japanese students.

Y: I just am reminded that Mogens Niss from Denmark might be arguing that the Danish

curriculum was prior to the PISA, or something like that.

J: Yes, that true. PISA is very close to the Netherland’s curriculum, because the people

from the Netherlands were very influential in setting up the PISA framework.

R: T know that was the last question. I just wanted to pick up one point we discussed
earlier. Jeremy do you think the mathematics curriculum reforms as a topic, has been

under-researched and under-theorized.

J: Yes, absolutely, both. Under-researched certainly, that as I said, is one of the issues
discussed by almost every chapter in this book (Li and Lappan, 2014). But under-
theorized too. It’s a really complicated subject as we have indicated, differs from school
to school, from country to country, from grade to grade, and so forth. So, the idea that
you can have a comprehensive theoretical structure that can cover all of those differences,
and we know it’s based on culture, it’s based on knowledge of teachers, teacher’s
knowledge, and it’s based on what the public wants from education, it’s based on how

education is structured in the country. It’s got many, many influences on it. So, the idea
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that you can come up with a theoretical structure of curriculum, it’s very difficult to
imagine. And if you think of how we dealt with this in the book (Howson, Keitel and
Kilpatrick, 1981) it was really case studies, and the various frameworks that we came up
were mostly tied to individual cases of curriculum development or comparisons of
curriculum development. It’s because it’s really hard to think of a structure that would
allow you to investigate all of the school mathematics curricula around the world. It’s

just too big a topic.

R: Would you say that besides it being a big problem, it’s not really being taken up by
maths education researchers, not only because it is difficult but because it’s so far from
the frame of their experience, so what is easier, what is in your field or your view - the
classroom research, the content research and so. Is it because maths education researchers

are generally people not involved in reforms and so on, that is resulting in that?

J: I don’t know about it. I think it’s possible that mathematics educators do get involved
in reform. But I think what happens is that they get involved with very small pieces of
reform. They may study what is happening with a particular topic at a particular grade
level in a particular situation, and therefore the theories that they have are micro theories,
they are small theories of what’s happening in these situations. And I think actually we
have people who are doing that kind of work, but we don’t think of it as curriculum
research, because it’s not looking at the whole curriculum. It’s looking at a fraction, a
small piece of the curriculum in a particular situation because that’s the only way people
know how to do research on it. So, we have a lot of researchers now, and we have a lot
of people who are studying the teaching of various topics, the learning of various topics,

how such things as lesson study are being conducted, ideas like that. But the process ....

R: Not the big picture.

J: No. If you think about the studies that we report in here (Howson, Keitel and Kilpatrick,
1981), during the New Math era, there was lots of money spent on big projects. And
today people are not doing that. So, it’s expensive to do a kind of large-scale curriculum
study. The national study that I worked on, cost millions of dollars, and really came up

with very little, almost no theoretical contribution.
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Y: In the 1960’s right? There was a huge amount of money.

J: Yes, it was in the 60s. That was a big amount of money for the 60’s. I don’t know how
we got the money. It was from the National Science Foundation, that was giving a lot of
money for that. They wanted evidence on what worked and what didn’t work but they
didn’t get it. Anyway, these are big ticket, big money items and we don’t have that kind

of research going on. So, it’s not surprising what we not doing it.

R: So, Jeremy the point then is that, that kind of money is going into the PISA and TIMSS
and so on, who are doing that research, who come from statistics, economics,
development studies - all of those areas. They do make these big pronouncements from

their studies?

J: Yes they do.

R: So we, in a way, math educators, are kind of on the outside looking in on that and

that’s sort of, in a way, driving the big reforms. Do you agree with what I’'m saying?

J: T guess you are right. I think there are some mathematics educators involve in working
on the PISA and TIMSS. It’s just not enough to command respect because so much of
what they do is measurement studies. It involves measurement, and it doesn’t really
involve mathematics education. There’s a new book from the NTCM on exactly just this.
People in the US who are asking how can we do research into the kind of measurement,
which is going on the PISA and TIMSS, to get a better idea for mathematics educators
of what’s happening. We may get to it again, I don’t know.

Y: I just wanted to say that ICMI Study 24 participants may be very much interested in:
what if you write a second edition of this particular book (Howson, Keitel and Kilpatrick,
1981) nowadays. What does it look like?

J: We talked about this, we three authors talked about revising this. None of us had the
energy at that time to do it. It’s too bad that we didn’t. But I think the circumstances were
right for us to do it at that time. I don’t know that I would want to try it today. The

situation is so much more complicated. There are so many more countries that are

38



working on their curriculum. That’s good. There so many more researchers and
curriculum developers working on them. That’s good. They are not just borrowing from
each other and they are doing their own things. That’s good. But to try and put it all
together in one package, I wish you luck with your Study 24.

R: Maybe Jeremy to pick up on one question. In a curriculum reform there is always
reference to values and goals. Do you see the values and goals of curricula as having
changed over time and have they in a way converged or diverged, how do you see it?
Normally school maths curricula would be prefaced with particular values and goals. In
recent times there has been some discussion around the values and goals of school
mathematics curricula. As a kind of overarching perspective on a curriculum, beyond
what we have been talking about content, and pedagogy and so on. Would you have any

comment on how that has remained the same or changed?

J: T think we have touched on it in some ways. This switch or this movement from content
to process is an example of how the goals have changed. For example, the book that I
worked on “Adding it up” (Kilpatrick, Swafford and Findell, 2001) talks about what is
mathematical proficiency, and offers a framework for mathematical proficiency. Now, I
don’t want to say that’s the end. But that is an attempt to say, if you aiming for
mathematical proficiency, you need to think about more than just content and process,
you need to think about other dimensions that are being dealt with. And this metaphor of
a braid, strands that are being developed along the way. It is a different metaphor for how
the curriculum could work, then the metaphors we discussed in this book. So, I think the
idea of curriculum as a process, and one that needs to be shaped by the situation in the
school, the situation in the country, the situation in the classroom - all of that has changed
from what it was before. So, today I would say the goals are much more towards
recognizing that the goals may be the different across different school systems, across
different countries, across different situations. And that each country has to figure out

what are the goals for us, and what are the directions that we want to go.

R: In some of the European countries there has been this development around a
competency-based framework. I wondered if you had seen that and how would you see
the notion of proficiency that you have developed in that book compared to this notion

of 21 century competency-based framework.
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J: I don’t know enough about the competency-based framework to really respond to that.
As I say, I think the notion of proficiency worked for us to have chosen because we
wanted to be able to talk about something that teachers in any grade could work on, and
that work could go on all the way through the primary grade, through the senior or high
school. I think talking about mathematical proficiency allows you to focus on different

content of mathematics and different processes.

R: In terms of an output would you say, in terms of kind of expressing it in an output of

proficiency?

J: As a process, a process to be monitored. As long as output is only at the end, I guess.
The idea of proficiency is not that you become proficient when you leave 12" grade. It’s
that all the way along, you should be asking how proficient is this child, given what the
child has done so far, and we look at the different components of that. And that is a much
better way, I think, of looking at the curriculum, saying, how far have we got with this
child, and where are the strengths and where are the weaknesses. And we need a detailed
way of inspecting that child’s knowledge and competence and proficiency at doing.
Proficiency at doing mathematics. We want people to be able to do mathematics and not
just remember it. So, I don’t think that we’ve really changed the goals for school
mathematics. I’'m not sure that we have. But I think, we think about them differently

maybe. Maybe that’s what’s happening.

Y: I think it is impressive to me that you included productive disposition among the five

strands.

J: Yes, that was the most controversial choice that we made. There were people in the
committee, including some mathematicians, who said we shouldn’t include it. And there
were people, actually who deal with assessment, who said that we cannot assess it, so we
shouldn’t include it. But we had teachers on the panel who produced that, who said we
have to put something like productive disposition in there, because we have so many
problems with students who learn about mathematics, but don’t like it. So, we need to
say the disposition you come out with is an important part of your mathematics learning.

And if we don’t look at that affective part of proficiency, we are not doing our job.
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Mathematics is a subject the kids start out liking, around third grade they like it. Around
6™ or 7™ grade they don’t like it anymore. There is a productive disposition problem, so
we were finally able to convince the mathematicians that we needed to put that in, even
if we can’t measure it very well. Teachers know what it is, and teachers can tell you

whether this child has a productive disposition or not.

R: Maybe one area, we did touch on, on curriculum resources, materials and so on.
Jeremy did comment on that. I think, Jeremy you indicated that you can give teachers the

texts that doesn’t mean they will be able to implement a curriculum reform.

J: That’s right. The SMSG started out that “we will write new textbooks and the teachers
will use them, and that will change the curriculum”. We discovered that is not the case.
It will not happen, especially in primary school. They wrote primary textbooks and the
teachers didn’t know how to use them; they didn’t understand what was in there; they
had not been educated in the ideas in there. So, it didn’t work. The New Math had an
effect, had some positive effects. But in the case of elementary school, with elementary

teachers, giving them a new book, is not going to change their teaching.

R: I think that has, that recognition, maybe that learning has resulted in the growth of this

whole area of teacher professional development.

J: Yes, that’s right. So, in a way it is artificial for us to think of the curriculum as being
separate from the teacher’s professionalism, because it completely depends on that, and
we cannot talk about reforming the curriculum, getting it in a new form, if the teachers
are not with us, if they don’t understand it. They have to both understand the changes
that they are being asked to make, and they have to agree that those are good ideas and
they have to try them out to see if it works for them. So, there are a lot of conditions there
on curriculum development. You can develop on paper what is the best curriculum ever
seen, but if the teachers don’t understand it or don’t agree with that, or don’t know how

implement it, you won’t get any change.
R: This of course, has led to new challenges, we haven’t talked that much about when

major curriculum reforms are implemented, which require big changes in the content, or

the pedagogy that teachers are then expected to teach, the whole problem of effecting a
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change in what teachers do in their teaching, assessments, etc. then raises other big
problems about how to bring about changes through teacher professional development at

a national level and the different models that may or may not work.

J: That’s right. Every country has to figure out how do we reach teachers, what can we
do to help teachers, because they need our help. And some countries, I guess, have
mechanisms for getting teachers educated, for teachers to learn about change, but other
countries don’t have the resources. So, when we are talking about resources, it’s not just

the materials which we give the teachers, it’s also the education that the teachers get.

Y: It’s maybe in the system as the whole that the teachers are working in.

R: I think we’ve covered most of the questions.

REFERENCES

Howson, A.G, Keitel, C., & Kilpatrick, J. (1981) Curriculum Development in
Mathematics. Cambridge University Press.

Kilpatrick, J.; Swafford, J. & Findell, B. (eds.) (2001) Adding it up: Children Learn
Mathematics. Washington, DC: National Academy Press.

Kline, M. (1973) Why Johnny Can’t Add: The Failure of the New Mathematics. St.
Martins Press.

Li, Y. & Lappan, G. (eds.) (2014) Mathematics Curriculum in School Mathematics
Dordrecht: Springer.

42



ICMI Study 24

SCHOOL MATHEMATICS CURRICULUM REFORMS: CHALLENGES, CHANGES AND OPPORTUNITIES
Tsukuba, 26-30 November 2018

IMPLEMENTING CURRICULAR REFORMS: A SYSTEMIC CHALLENGE

Michéle Artigue

Université Paris-Diderot

This contribution addresses the challenge of implementing curricular reforms. I first briefly present
the approach I propose considering education systems as complex dynamic systems and the main
theoretical elements I will rely on, offered by the Anthropological theory of the didactic and the
ecological perspective underlying it. Then I use this approach to discuss the challenge raised by the
implementation of curricular reforms using the case of French curricular reforms and the outcomes
of a symposium at the EMF 2012 Conference comparing the situation in six Francophone countries.

INTRODUCTION

As highlighted in the Discussion Document for this ICMI Study, curriculum reforms are
transformations that generally affect education systems "as a whole at a national, state, district or
regional level". They modify the conditions and constraints of their functioning to cause changes in
the state of these systems. Their raisons d'étre situate at different levels, raisons d'étre concerning
the content of teaching, the balance and relations between school disciplines, pedagogical methods,
or raisons d'étre concerning more generally the social contract between a society and its School,
which are, more and more, the expression of supra-national visions. Their design mobilizes a diversity
of institutions and agents, and their implementation an even greater number. Design and
implementation are processes that take place over time and whose dynamics depend on a multiplicity
of factors and their interaction. At the very moment when a curriculum reform is eventually finalized
with the corresponding texts adopted by authorities, and is ready to be implemented, these factors
and their possible interactions are only very partially identified and even less controlled, if even
controllable. The texts, however constraining they may appear, give a certain degree of freedom to
all those involved in the implementation for expressing their agency, opening up a range of possible
dynamics whose regulation is a crucial issue. To question the implementation of curricular reforms,
which determines their success or failure, is therefore to try to understand the functioning of these
particular dynamic systems, in the face of the ecological disruption that is always a curriculum reform,
and the means used to regulate these dynamics. In this contribution to the ICMI 24 study, I adopt this
ecological approach in terms of dynamical systems. In the following section, I introduce the main
concepts from the anthropological theory of the didactic (ATD) I use in this reflection, before trying
to draw lessons from two case studies. They respectively concern the French education system and a
group of Francophone countries from the EMF (Espace Mathématique Francophone) network
affiliated to ICMI.

ELEMENTS FOR AN ECOLOGICAL APPROACH SUPPORTED BY THE ATD

As mentioned above, I consider curriculum reforms as ecological disruptions of education systems
and the analysis of their implementation and effects as the study of the responses to these disruptions.
Such an ecological perspective being central to the theory of didactic transposition and to its ATD
extension, I use these theories to approach the dynamics of curriculum reforms. In this section, I
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briefly introduce the main elements of these two theories supporting my reflection. For more details,
I refer the reader to (Artigue, 2011).

Didactic transposition: niches, habitats and trophic chains

The theory of didactic transposition developed in the early 1980s to overcome the limitation of the
prevalent vision at the time, seeing in the development of taught knowledge a simple process of
elementarization of scholarly knowledge (Chevallard 1985). Beyond the well-known succession
offered by this theory, which goes from the reference knowledge to the knowledge actually taught in
classrooms (see Figure 1 extracted from (Bosch & Gascon 2006)), ecological concepts such as those
of niche, habitat and trophic chain (Artaud 1997) are also essential in it.

Scholarly knowledge Knowledge to be taught Learned, available
Institutions producing Educational Taught knowledge knowledge
and using the knowledge — system, « noosphere » - Classroom — Community of study

Figure 1: The didactic transposition process

The habitat of a specie (here a mathematical object, type of task, technique...) refers to the
environment in which it lives, while its niche refers to the function(s) it has in this habitat. This
ecological vision invites us to pay attention to the action of curriculum reforms on habitats and niches,
and their consequences. In addition, it invites us to consider the objects at stake as elements of trophic
chains, being fed by some objects while feeding others. Even apparently minor curricular changes
can break existing trophic chains generating learning difficulties in topics a priori not directly
concerned by these changes. As pointed out in (Artigue 2011), this is not independent of the fact that
the official time of teaching is distinct from the time of learning. The teaching of a new object is thus
an opportunity for consolidating the relationship with old objects and its zone of influence on learning
is an area with fuzzy contours, difficult to identify.

Anthropological theory of the didactic: institutions and institutional positions, praxeologies,
hierarchy of levels of codetermination level

The extension of the theory of didactic transposition within the framework of TAD has provided new
conceptual tools for approaching curriculum reforms. As highlighted in (Chevallard, 2018), key
concepts here are those of institution and institutional position. Indeed, as already mentioned, a
curriculum reform, whether at the level of its conception or its implementation, mobilizes a diversity
of institutions; it also mobilizes agents who occupy different positions in these institutions (the
position of teacher is not that of pupil, nor that of school principal or parent) to which are associated
different relationships to the knowledge recognized by the institution. During curriculum reforms,
these positions are modified intentionally but also unintentionally. Understanding these moves and
their possible, actual effects, is important for understanding curricular dynamics.

Another essential tool provided by ATD is the notion of praxeology, which is used to model all forms
of human activity, thus mathematics and didactic practices. At its most elementary level, a praxeology
(called punctual) is a quadruplet [T/t/6/®] where T designates a type of task, t a technique or way of
processing this task, 0 a technology defined as a discourse making this technique intelligible and
justifying it, and ® a theoretical discourse which in turn makes 0 intelligible and justifies it. Types of
task and techniques constitute the practical block of praxeologies (praxis), while technology and
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theory constitute their theoretical block (logos). In a given institution, punctual mathematical
organizations do not live in isolation; they are embedded in structures. As Chevallard (2002) points
out, for the professor, the unit of account is a local praxeology, an amalgam of punctual praxeologies
sharing the same technology 0, and corresponding to a theme of study. Local mathematical
praxeologies sharing the same theory or piece of theory are grouped into regional organizations
corresponding to sectors of study, and the latter in turn are grouped into global organisations
corresponding to fields of study. Studying the dynamics of praxeological organizations, both
mathematical praxeologies and the didactical praxeologies with which they are in co-determination
relationship, is a means of gaining an understanding of curriculum dynamics.

The last conceptual element provided by the TAD that I will mention here is the hierarchy of co-
determination levels. This hierarchy introduced in (Chevallard, 2002) and gradually refined
nowadays comprises ten levels: subject - theme - sector - domain - discipline - pedagogy - school -
society - civilization - humanity. The lower levels: subject - subject - theme - sector - field are, as
shown in a previous quotation, closely related to the different levels of the curriculum organization
of the subject, here mathematics. But the constraints and supports that condition the praxeological
organizations and their curricular dynamics are not limited to these levels, hence the introduction of
higher levels: pedagogy - school - society - civilization - humanity. At each level different agents
intervene, new power relations, new rules of legitimacy are established. These different conceptual
tools support the analyses presented in the next sections.

A FIRST CASE STUDY: THE 2000 REFORM OF HIGH SCHOOL EDUCATION
Main characteristics of the 2000 reform

This reform of high school general education from grades 10 to 12 offers an interesting case. This
was not a curricular revolution, but it introduced some substantial changes still in effect today. To
analyze the challenges posed by its implementation, I should briefly describe them. For more details,
the reader may refer to (Artigue, 2003). At the level of school structures, unlike the reform currently
under way, there were no major changes, and in particular the three orientations that organized the
differentiation of teaching in general high school from grade 11 (L for literature, ES for economic
and social sciences, S for sciences) were maintained. Continuity was stressed, as shown by the
following sentence in the introduction of the grade 10 programme (DESCO 2000):

This programme essentially retains the objectives of the previous programme (decree of 25 April 1990):
the introduction and the accompanying documents reproduce them in a sometimes new wording.

At the pedagogical level, continuity is also evident. The curriculum discourse remained a constructive
discourse and the place to be given to problem-solving in the construction of knowledge and its use
was reaffirmed. But it was also stated that the school institution was challenged by scientific,
technological and cultural developments and should regularly rethink its objectives in the light of
these developments. For example, in the introduction of the programmes for grade 10, it reads:
The constant evolution of our society, both socially and economically as well as scientific and technological,
constantly challenges the educational institution. The latter, depending on the choices of its leaders and its

various actors, takes this evolution into account to a greater or lesser extent. It is with this in mind that the
programme published in 1999 is part of this approach.
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This consideration led to substantial changes. In mathematics, the main ones were: the strengthening
of the statistic domain, a differentiation according to the three orientations of study more sensitive to
their specificities and for instance the introduction of graph theory in ES, the consideration of
technological evolution, an increased emphasis on the interaction between scientific disciplines and
more generally on interdisciplinarity. The major upheaval was undoubtedly the importance given to
the teaching of statistics with the ambition to introduce grade 10 students to statistical thinking
through the experience of sampling fluctuations allowed by the use of computer simulations. It is no
coincidence that the person chosen to lead the group of experts in charge of preparing the mathematics
curriculum was the researcher in statistics Claudine Schwartz. The accompanying documents
(DESCO, 2000) specify that:

The statistical mind is born when one becomes aware of the existence of sampling fluctuations [...] The

pedagogical choice here is to go from observation to conceptualization and not to introduce probabilistic
language first and then to see that everything happens as predicted by theory.

The attention paid to the articulation between scientific disciplines and interdisciplinarity more
generally was also a strong point of this reform. The joint work of the expert groups in charge of the
scientific disciplines on radioactivity resulted in an introduction of the exponential function as
solution of the differential equation y'=y and no longer as reciprocal of the logarithm function.
However, the most important change was the introduction of interdisciplinary projects called TPE
(Travaux personnels encadrés) in grade 11. TPE involve at least two disciplines, one of these
concerning the students' orientation, and their preparation is supervised by teachers from the
disciplines at stake. Two hours per week are allocated to TPEs in the students' schedule. The
assessment takes into account the students' production as well as their written document and oral
presentation. The curricular texts specify that this work aims to facilitate a multidisciplinary approach
to non strictly academic issues and to help students mobilize their knowledge in such a context, to
broaden their intellectual curiosity, to develop their autonomy, to help them acquire working methods
and group work competencies, to develop their capacities for documentary research using the Internet,
the selection and critical analysis of documentary resources, and finally to establish other
relationships with their teachers.

The changes were thus substantial. The example of the exponential function shows that niches
changed and that some trophic chains were certainly broken. New praxeological organizations had to
be built for the new domains introduced as well as their progressive structuring over the years of high
school. This was all the more demanding as most teachers had not encountered either graph theory
or inferential statistics in their academic preparation. And even for those with a university culture in
statistics, there was a didactic inversion between statistics and probability, as made clear by the
quotation above. Moreover, teachers were asked to base the teaching of each domain on a certain
number of study themes selected among those proposed according to their students' interests, which
also required praxeological reorganizations. Multidisciplinary work, project pedagogy on subjects
chosen by students involving the critical use of Internet resources, were also new for most teachers.

The implementation of the reform

This reform could have been rejected. The work of the group of experts had given rise to strong
tensions with the General Inspectorate of Mathematics, a key institution for the implementation of
curriculum reforms in France. The emphasis on statistics was considered exaggerated by many
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professionals, especially since it occurred at the expense of other domains, particularly geometry.
Many also wondered about the possibility of making sense of inferential statistics without any
probability background, and questioned the sense that students would make of the experimental work
based on computer simulations proposed to them. There was also great concern about TPEs,
especially among mathematics teachers who wondered whether they would find a role for their
discipline in these.

The reform generated vivid and at times hard debates. The change of political majority in 2002
resulted in a number of changes and in particular to a rewriting of the programme for the L orientation
under the control of the General Inspectorate. However, globally the reform resisted. TPEs still exist;
the importance given to interdisciplinarity projects and modelling, the place of the statistical domain
and probabilities have maintained or even strengthened in the next reform, that of 2010. Several
factors undoubtedly favored this resistance, and I list a number of them below, by lowering the levels
of the didactic codetermination hierarchy. The announced ambitions of the reform and most of the
changes introduced aligned with international perspectives, which contributed to their legitimacy. At
the national level, the work carried out by the CREM (Commission de réflexion sur I'enseignement
des mathématiques), set up at the request of the mathematical community in 1999, chaired by the
mathematician Jean-Pierre Kahane and including several members of the group of experts,
contributed to legitimize its global vision. The reform was carefully prepared by the groups of experts
appointed by the CNP (Conseil national des programmes) and bringing together a diversity of
expertise. The CNP guidelines ensured coherence at a global level. The expert groups had a
substantial amount of time, two years, to prepare the programmes. They also produced consistent
accompanying documents, covering all new domains and showing how the proposed themes of study
could be exploited. A specific website Statistix was created offering teachers the possibility to
download dynamic simulations and access statistical data. The IREM network (Instituts de recherche
sur l'enseignement des mathématiques), which contributes in an essential way to in-service teacher
education in France, also mobilized, and especially the inter-IREM Commission on statistics and
probability. Locally, IREM groups built situations and progressions, experimented, proposed training
sessions, produced a number of paper publications and online resources, some in collaboration with
the APMEP (Association des professeurs de mathématiques de I'enseignement public). The IREM
network and APMEP journals devoted many articles to these innovations. TPE working groups were
also created in various IREMs. They supported and analyzed the implementation of TPEs in the high
schools of their members who were secondary school teachers, and proposed training sessions based
on this experience as part of the professional development activities offered in the regional plans.
French didacticians contributed to these IREM activities. Moreover, which is not frequent in France,
a pre-testing of TPEs was organized, and when the reform was implemented, its results and a number
of tools were made available to teachers by the Ministry (DESCO, 2001). Finally, teachers adapted
to the mathematics innovations proposed in the ES orientation quite easily, in particular to graph
theory and the proposed associated thematic work, with the help of the resources and training
activities offered. There is no doubt that this new domain resulted more accessible than the statistical
domain.

These factors certainly helped the implementation of the reform and, after a few years, the training
demand decreased in the teacher community. However, this does not mean that the implemented
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curriculum eventually aligned with the intended curriculum. Still today, teaching inferential statistics,
finding a niche for mathematics in TPE projects, remains a challenge for a number of teachers.

A SECOND CASE STUDY: RECENT CURRICULUM REFORMS IN THE
FRANCOPHONE SPACE

In 2012, as part of the EMF conference in Geneva, two round tables were organized on how recent
curriculum reforms were designed and implemented in French-speaking countries. Six countries or
regions were considered: Federation Wallonia-Brussels in Belgium, Burkina Faso, Quebec in Canada,
France, Romand Switzerland and Tunisia. The round tables were prepared by a two-year
collaborative work. The perspective adopted was to conceive curriculum reforms as changes in the
social contract between School and Society, at a time when the tercentenary of the birth of Jean-
Jacques Rousseau was being celebrated in Geneva (Artigue & Bednarz 2012). The work carried out
considered recent curriculum reforms from their conception to their implementation, specifying the
educational and curricular contexts, identifying the institutions involved in the reforms and their
respective roles, describing the global curriculum dynamics, before focusing on a dimension
particularly important in each case study. Given the theme of the panel, I focus on the implementation
of reforms, and due to space limitations I just contrast three case studies, regarding respectively
Wallonie, Quebec and Tunisia.

The case of Federation Wallonia-Brussels

The Belgian contribution concerns the French-speaking part of Belgium. Although it concerns a small
population, the education system is complex, combining three distinct educational networks. The
study conducted (Baeten & Schneider, 2012) focused on the curriculum reorganization in terms of
competencies started in 1997. As the authors point out, this curriculum reform was part of a global
plan for equal opportunities, social integration and citizenship education, but it went along with a
policy of centralization and increased control of the education system. It was indeed accompanied by
a standardization of the curriculum with the drafting of competency frameworks for all levels of
education and the creation of assessment tools to serve as external references common to the three
education networks. The emphasis was put on transversal competences, valid for all disciplines. In
mathematics, it was more particularly placed on problem-solving competencies, described in very
general terms (asking questions, formulating hypothesis...) without taking into account the
specificities of particular domains.

The contribution presents a critical analysis of this reform. According to the authors, the formulation
of general competences was poorly coordinated with the mathematical content that remained nearly
the same, and the resources provided to teachers, the training offered, were not very helpful. Ten
years after the implementation of the reform in 2008-2009, the General Inspection Service produced
a critical report, pointing out a number of inconsistencies, discontinuities, omissions and repetitions,
and the fact that planning the progressive development of competencies was still a major challenge
for most teachers. The report suggested defining, for each discipline, the "unavoidable" knowledge,
that "really useful for the exercise of competencies and which can reasonably be considered as the
foundations of a citizen culture in the disciplinary field at stake" (ibidem, p. 64). As explained by the
authors, this led to a revision of the definition of terminal competencies in mathematics, according to
a new framework. The authors mention the main ideas underlying it: insistence on disciplinary work
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concepts; revalorization of "knowing" understood with a certain level of reflexivity to which is
granted the status of competence; and the idea that the development of transfer competencies requires
specific teaching enabling students to construct homologies and thus identify classes of problems.
There is no doubt that such ideas can be interpreted as a serious reconsideration of the role given to
general competencies in the curriculum.

The evolution towards curricula organized in terms of competencies is an international movement as
highlighted in the Discussion Document. The preparation of the EMF round tables made clear that
we were all concerned by this evolution and had to face the difficulty raised by the duality
competence/content. However, depending on how the reforms were designed, implemented and
regulated, one could observe different dynamics. The case of Quebec is particularly interesting from
this point of view and we present it briefly in the next sub-section.

The case of Quebec

This case study (Bednarz, Maheux & Proulx 2012) shows a long process of curriculum development
beginning with the "Etats généraux sur la qualit¢ de I'é¢ducation" in 1995 and ending in 2008,
mobilizing and coordinating the action of a multiplicity of actors, coming from various horizons.
From the outset, as the authors point out, there was a visible shift in the orientation of the education
system, moving from a policy of 'accessibility for all' to a policy of 'success for all', organizing the
curriculum in terms of both knowledge and know-how that would become competencies, and
stressing the active role that teachers should play in curriculum design and regulation. The "top-
down" logic that had prevailed until then in the design and implementation of reforms was rejected.
More specifically with regard to implementation, some interesting characteristics can be highlighted:

e large scale implementation was prepared by previous work in pilot schools with support in
context, responding to local needs and ensuring that each school developed its expertise and
autonomy.

e implementation was supported, throughout all its duration, thus more than a decade, by
substantial training activities organized both at national level and regional levels. National
activities targeted educational advisers, resource persons and managers, focused on the global
elements at the heart of the reform (concept of competence, transversal competence, culture,
socio-constructivism, evaluation, etc.) and favored appropriation of the reform through small
group work. Disciplinary issues were addressed at regional level, targeting teachers and
pedagogical advisors. In the specific case of mathematics, the emphasis was placed on the
concrete construction of situations by teachers in relation to the core elements of the
curriculum, with as much as possible experimentation of the situations collectively designed
in classrooms and a posteriori joint analysis.

In addition, a permanent process of regulation was planned by the Commission des Etats Généraux.
Thus, in 1997, the Minister of Education officially established the Curriculum Commission, which
later became the Advisory Committee on Curricula, to which a mission of continuous regulation was
entrusted, until the end of its mandate in 2010.

This case shows a coherent global process of design, implementation and regulation, conceived as a
continuous process obeying a participatory logic. This logic is intended to be:
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transparent and rigorous, so as to allow it to be adjusted as new needs or knowledge emerge, and to avoid
piecemeal changes under partisan pressure from professional associations or political pressures (ibid., p.
81).
The curriculum development model is "hybrid" combining "top-down" and "bottom-up" aspects. The
study explores them in depth, through interviews capturing the points of view of a diversity of actors.

The evolution towards a curriculum structured in terms of competencies took place in this context.
The authors present this evolution as an inversion:
Previously, mathematics was defined by its contents, and these were to be achieved through mathematical

activity. Now, mathematics is defined by its activities, and these activities are mobilized in work on various
contents: numbers, algebra, statistics, geometry, etc. (ibidem, p. 101)

Disciplinary competences (solving a problem situation, reasoning mathematically, communicating
mathematically) have become the central objects of teaching. The authors do not minimize the
difficulties raised by this inversion and the accompanying and regulation work it required. It is clear,
however, that this inversion has taken place under a system of conditions and constraints very
different from the case of Wallonia, and the move towards competences was not reconsidered. As the
authors point out in the conclusion of their study, what the case of Quebec shows is the case of a
curriculum that is constantly developing, a "living" curriculum that leaves room for teachers and other
school stakeholders to make it their own. This is a demanding but visibly productive vision.

The case of Tunisia

The case of Tunisia is quite different (Smida, Ben Nejma & Khalloufi-Mouha 2012). The authors
describe the five curriculum reforms having taking place since the independence, the last one at the
time of EMF 2012 being that of 2002. Due to space limitation, I focus on this last one. As the other
reforms evoked in this text, it reflects the influence of international trends: the desire to build an
inclusive school for citizenship, the emphasis put on transversal competences. The aim is to build the
"School of tomorrow", which must "train a citizen who learns to learn, to act, to be and to live with
others" (ibidem, p. 132), and the teaching of mathematics, like that of science, has the task of
developing competences in reasoning, problem-solving and modelling. The organization of the
reform obeys a new structure with:

- a first commission bringing together inspectors, university academics and various
personalities responsible for defining the aims of the education system and preparing
specifications for the disciplinary commissions, and for setting curriculum structures.

- multidisciplinary commissions (science, languages, humanities, art) composed of inspectors
and university academics, which delimit transversal competences (for instance for the
Science Commission, applying a scientific approach, communicating in appropriate language,
solving problems, organizing and analyzing information, integrating ICT, understanding the
contribution of science).

- and finally, disciplinary commissions headed by a university academic and composed solely
of inspectors, at the request of the latter, due to the profound differences between the views
of the two communities revealed by previous reforms.

After a study of a selection of foreign mathematics curricula and to promote the development of the
competencies mentioned above, in mathematics the emphasis was placed on probability and statistics,
approximate calculation and orders of magnitude, articulation of semiotic registers, resolution of
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problems related to social life and the environment, and the integration of digital technologies. As
with previous reforms, the implementation of the reform was taken in charge by the inspectorate and
there was a single official manual. On the other hand, there was no longer any unified accompanying
documents, each inspector being responsible for identifying specific local needs and for adapting
training to them. Inspectors' coordination meetings were however held three times a year, but the
authors point out the heterogeneity of the body of inspectors, the number of inspectors having tripled
in five years, and the impossibility of accessing documents identifying local needs or describing the
training offered. They also point out that, as was the case with the previous reform in 1993, the lack
of clear training strategies and resources led to significant resistance among teachers. The new
features of the reform in terms of links with social life and the environment, the place to be given to
approximate calculation in a context where many pupils did not have access to scientific calculators,
for instance, were hardly taken into account.

We therefore see a process that contrasts with the one described above. The process remains
completely top-down but with a desire for decentralization. A predominant role is given to the
inspectorate in both design and implementation, and teacher support in term of accompanying
activities and resources seems limited. According to the authors, these conditions result in significant
resistance and implementation difficulties, what the specific study they conduct on the teaching of
algebra illustrates well.

CONCLUSIVE COMMENTS

The case studies briefly reported in this contribution clearly show that recent curriculum reforms
express rather close visions of what our respective societies expect from mathematics education.
Common trends are observed in the proposed curricular changes, such as the move towards curricula
structured around competences transversal to mathematical domains, the increased importance
attached to showing the role of mathematics for addressing societal and environmental issues, to the
connection between STEM disciplines and to interdisciplinary practices, the increasing space given
to the stochastic domain, to modelling activities, and the attention paid to students' specific interests
and needs. They confirm that conditions and constraints situated at the highest levels of the hierarchy
of didactic co-determination influence these reforms. However, these case studies also show the
specificities of each context and the diversity of curricular dynamics that result from them. They also
show us that the success of a curriculum reform highly depends on the strategies developed for its
implementation, the long-term support provided to those who have to implement it, the production
and accessibility of appropriate resources, the combination of top-down and bottom-up processes in
a productive way. They also show us that no matter how carefully a reform is designed and
implemented, the dynamics it generates remain partly unpredictable. Regulatory mechanisms are
necessary and must be designed with all actors involved. However, it seems that too often most of
the efforts are still focused on the design of reforms, much less on their implementation, monitoring
over time and regulation.
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We examine the development and implementation of Chinese mathematics curriculum standards, with
a focus on the development mechanism and characteristics of curriculum policy and its impact on
public schools as well as the educational systems in China during the early 21st century.

Social and economic development in China (especially the development of information technology,
digital technology, life-long learning, and democratization (The Research Group of Mathematics
Curriculum Standard, 2002) have raised the bar for mathematics literacy. New demands for modern
citizens have required corresponding changes in public schools, especially in mathematics curriculum
and instruction (Ma, 2001).

MATHEMATICS CURRICLUM FOR COMPULSORY EDUCATION (GRADES 1-9)
The Development of a New Standard for Compulsory Education

The Mathematics Curriculum Standards for Full-time Compulsory Education (draft) was completed
and put forth for extensive comments from the community in March of 2000. The mathematics
standards research group mentioned above consisted of mathematics and mathematics education
scholars, researchers and staff members from local provinces (cities), and school teachers. About 70
percent of the research team members worked in higher education institutes and about 30 percent of
them worked in public schools.

The development of the mathematics curriculum played an important role in this round of curriculum
reform in fundamental education, which provides the idea of basic value, the mechanism of
implementation, and the way to develop the standard for other subjects in fundamental education.
The Ministry of Education formally promulgated and implemented Mathematics Curriculum
Standards for Full-time Compulsory Education (Trial version)(MCSFCE) in June 2001.

The Features of Standards for Compulsory Education

In addition to focusing on additions and deletions of some content topics, the MCSFCE differed from
the products of previous curriculum reform in several fundamental aspects, such as the basic
curriculum ideas, curriculum objectives, curriculum implementation (including guidance on textbook
development), teaching suggestions, evaluation recommendations, and even curriculum management.
It provided detailed descriptions in some dimensions. For example, the traditional syllabus only
provided a brief description of teaching content and objectives. Most of the descriptions of teaching
objectives were included in the textbook developed by the state. MCSFCE changed both the scope
and depth of the role that the state plays in the curriculum by providing descriptions of learning
content, learning processes (special attention), and teaching recommendations (including several
cases for some content). This provided a standard for the transformation from one single national
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textbook policy to a policy of diversity; a national committee certificated and authorized the different
versions of textbooks, according to the curriculum standards.

To examine some of the differences between the old Syllabus and MCSFCE in more detail, consider
the following descriptions of how students and teachers should approach the Pythagorean Theorem.

The old Syllabus:

Master the Pythagorean Theorem. (Students) know how to use the Pythagorean Theorem to solve for
the third side given the measurement of the other two sides. (Students) know how to use the converse
of the Pythagorean Theorem to determine if a triangle is a right triangle. Conduct patriotic education
by introducing the research on the Pythagorean Theorem done by ancient Chinese mathematicians.

The MCSFCE included some dimensions not covered in the previous Syllabus, such as suggestions
for evaluations and recommendations for textbook development:

Explore the proof process of the Pythagorean Theorem. (Students) know how to use the Pythagorean
Theorem to solve simple problems. (Students) know how to use the converse of the Pythagorean
Theorem to determine if a triangle is a right triangle. The recommendations for textbook development
suggest introducing several well-known proofs (such as the Euclidean proof, Zhao Shuangl proof,
etc.) and some well-known problems so that students are aware that mathematical proof can be
flexible, beautiful and sophisticated. Students should also be aware of the Pythagorean Theorem’s
rich cultural connotations. At the same time, some teaching suggestions include guidance on the
teaching activities and teaching process of the Pythagorean Theorem.

As mentioned above, the MCSFCE proposed a basic reform idea: “Mathematics for AlL.” In other
words, “Everyone can learn valuable mathematics; everyone can learn the necessary mathematics;
different people benefit from different mathematical development” (Ministry of Education of the
People’s Republic of China, 2001). This concept was totally different from the underlying idea of the
old Syllabus (Zhang & Song, 2004). The MCSFCE suggested following the psychology of learning
mathematics and using real-life experience to motivate student development. Students were to
experience the process of mathematical modeling, which would allow for the interpretation and
application of the problem-solving process. Thus, as was the hope of mathematics education
reformers elsewhere in the world, students would be enabled to grow in mathematics understanding,
mathematics thinking ability, attitudes towards mathematics, and appreciation of mathematics
(NCTM, 1989, 2000).

The Implementation of Standards for Compulsory Education

The Ministry of Education started a national curriculum reform conference to convene the
implementation of the new curriculum in July 2001. Several decisions were made at the conference.
First, the overall objectives and strategies for the implementation of the new curriculum in public
schools were determined. Second, the strategies to spread the curriculum reform to all Chinese public
schools were developed. Third, professional development and teacher training programs were set up.
The positioning of the trial version of the curriculum standards necessitated a multi- stage process for
spreading the new curriculum. The first stage was to set up the goals, then to conduct preliminary
experiments before the nationwide implementation, and finally to broaden the experiment gradually.
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The Revision of Mathematics Curriculum Standards for Full-time Compulsory Education

Since the implementation of the MCSFCE (Trial Version), the work of developing it has never been
interrupted. After the first round (3 years) of mathematics curriculum reform, the revision process
began. Based on the experience, account was taken of the problems arising from the implementation
of the standards, as well as comments from society (including severe criticism from some
mathematicians). In May 2005, the Ministry of Education organized the revision group for
mathematics curriculum standards for compulsory education, and officially began the revision
process.

There were 14 members in the revision group, from different backgrounds including universities,
coaching offices and primary and secondary schools. About half of them had worked on the design
of MCSFCE (Trial version). Through the process of surveys, situation analysis and discussions of
special issues, the Mathematics Curriculum Standards for Compulsory Education (2011 Version)
(MCSCE2011) were finished in 2010, and approved in May 2011. The standards were published
officially in December 2011. (Ministry of Education of the People’s Republic of China, 2012, p. 34).

MCSCE2011 was developed from the trial version; several revisions were made (Zhu, 2012), such
as the basic curriculum ideas, curriculum objectives, content standards and suggestions for curriculum
implementation.

With the base established by the implementation of the MCSFCE (Trial Version), MCSCE2011 was
implemented at one time. Since the autumn semester, all beginning grades (for primary and middle
schools) began to implement the new curriculum standards (not only mathematics).

Some changes appeared in the high-risk examinations. For example, the entrance examination to high
school in Beijing adapted the concrete content and new rubrics were introduced focusing on the
Mathematical View, Mathematical Activity Experience and Mathematical Ability (Wang, 2013).

Some scholars thought that the issues of assessment, hardware and the teachers’ views were still
obstacles to the implementation of the new curriculum (Zhu, 2013).

MCSCE2011 discussed the relationship between plausible and deductive reasoning, and the
relationship between the real-life world and systems of knowledge. Its objectives highlighted the
development of students’ creative and application abilities, and added the ability to discover and raise
problems (Ministry of Education of the People’s Republic of China, 2012, p. 84).

The two versions of standards consolidated and perpetuated the achievements of the the new century
mathematics curriculum reform and played an important role in giving impetus to the healthy and
continuous development of mathematics education in China.

MATHEMATICS CURRICULUM FOR HIGH SCHOOL EDUCATION (GRADES 10-12)
The Development of Standards for High School Education

In the process of standards development, the research team studied mathematics curricula in several
developed and developing countries around the world. The study included the following topics: trends
of current research in mathematics, current demands on public education, learning in secondary
school, international comparison studies, and current teaching and learning in China (Song & Xu,
2010). The team conducted surveys, interviews and classroom observations in several provinces. The
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participants in these initial studies were teachers, students, principals and guidance officers in
secondary schools.

The research team formalized the reform theory, curriculum objectives and corresponding high
school mathematics curriculum standards based on the research results of previous studies. The
development process for the secondary school curriculum standards was similar to that for
compulsory education. The research team solicited suggestions from all parties including
mathematicians, mathematics education experts, scholars from research institutes, secondary school
teachers, and experts from related disciplines such as educational psychology (National High School
Mathematics Curriculum Standard Group, 2002). At the same time, the research team conducted
several studies, in more than 30 high schools, of some newly added content (such as algorithms) and
mathematical investigations (including curriculum design and pilot teaching). These research results
provided both evidence and experiences for the later development and revisions of the standards
(Song & Xu, 2010, p. 123).

After 30 revisions, the draft version of Mathematics Curriculum Standards for Secondary Education
came out at the end of 2002. The final version, MCSSE (Trial version), was formally published and
promulgated in April 2003, after the Ministry of Education completed the document review.

The Features of Standards for High School Education

MCSSE was fundamentally different from the curriculum guidelines developed in previous reforms.
It shared similar characteristics to the MCSFCE, including the outline of structural changes. It
deepened and specified some dimensions (e.g. curriculum content descriptions). MCSSE also
included teaching suggestions, teaching materials, suggestions and recommendations (Ministry of
Education of the People’s Republic of China, 2003).

MCSSE proposed “student-centered” curriculum ideas, such as cultivating mathematics literacy,
increasing active learning, mastering basic knowledge and basic skills, integrating mathematics and
information technology, developing critical thinking skills, developing application and mathematics
modeling skills, and the significance and values of a mathematics culture. MCSSE advocated that the
high school mathematics curriculum should include a mathematics culture, through which
mathematics literacy could be achieved.

MCSSE also advocated a modular structure (36 classes per module), with each module mutually
independent, but also with logical connections. The new curriculum offered a variety of selections to
meet the needs of individual students. The old curriculum only provided two elective courses at the
high school level—mathematics for liberal arts majors and mathematics for science majors. The new
curriculum provided more choices. Students needed to take five required modules before the elective
courses. There were four elective series, where Series 1 (targeting students majoring in humanities
and social science), and Series 2 (targeting students majoring in science, engineering, and economics)
were basic elective courses. Students could continue to choose Series 3 or Series 4 after finishing
courses in Series 1 or Series 2. Series 3 and Series 4 had a number of topics, with each topic requiring
18 classes. They were designed for students who were interested in mathematics and hoped to learn
more. They involved several topics aimed at some important mathematical ideas, scientific value,
application of mathematics, and the understanding of a mathematics culture, which reflected some
important mathematical ideas, hoping to provide a mathematical base for students’ life-long
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development. Selective topics in Series 3 included the history of mathematics, information security
and passwords, and spherical geometry (six topics). Selective topics in Series 4 included geometric
proofs, matrices and transformations (10 topics).

The intention was to expand these elective topics gradually, with careful monitoring of the quality of
these courses. MCSSE encouraged schools to set up certain topics in Series 3 and 4. Schools also had
opportunities to enrich and improve various additional elective courses based on the school-based
curriculum and faculty resources (18 classes for each credit).

In addition to the new electives (which mostly appeared in Series 3 and 4), the MCSSE also contained
several new topics, including orthographic views, spatial coordinates, algorithms, block diagrams,
random numbers, and statistics. It also presented this new content using new ways of representation.
For example, in three-dimensional geometry, the new textbook took the whole-part approach, rather
than the traditional logical approach of point, line, plane and solid. In terms of geometry objectives,
the new textbooks followed a cognitive order from overall perception to the details of point, line, and
plane. The new curriculum also presented probability and statistics in the order of statistics,
probability and counting techniques, rather than the traditional order of counting techniques,
probability and statistics (Cao, 2008, p. 34).

In addition to the curriculum based on mathematical knowledge, the MCSSE designed the series of
Mathematical Exploration, Mathematical Modeling and Mathematical Culture, which was required
to be integrated into the regular curricula.

The Implementation of Standards for High School Education

With the promulgation of the MCSSE, the high school curriculum reform entered an experimental
deployment stage. The high school curriculum policy was promoted under a step-by-step
experimental expansion model. Different from the compulsory education case, the experimental
deployment of the high school reform began in large regions such as provinces, self-regulated regions,
and municipalities. In fall 2004, four provinces, self-regulated regions and municipalities became the
first experimental zones of the high school curriculum. The curriculum reform received strong
criticism and even opposition in 2005, which slowed down the deployment process (Cao, 2005; Wang,
2005; Zhang, 2000). By fall 2012, the high school curriculum had been adopted at entry-grade level
in all high schools.

A survey was used to summarize the implementation of MCSSE 10 years after it was published. The
sample size was 13 provinces, 446 mathematics teachers, and 5685 students (Lv et al., 2015). The
results showed that the implementation of the multi-objective was good. The students’ problem-
solving and creative-thinking abilities and the ability to collect, clean and analyze information had
increased gradually. As well, some teachers thought that the skills of operation, logical reasoning,
and spatial imagining had decreased in varying degrees. The teaching method had changed in a
positive direction, but the space left for the students’ self-learning was still not enough. The learning
method tended to be diverse, but the loading of learning was still heavy. The limitations of the
examination system were still obvious, especially for the selective Series 3 and 4. For example, for
Series 3, since it was not included in the college entrance examination, 70.6% of teachers reported
that their schools had not set this series, and for series 4 only 6.8% teachers thought their students
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could select curricula freely. Furthermore, the examination system limited the development of a
multi-assessment system.

The Revision of Mathematics Curriculum Standards for High School Education (Trial Version)

With the publication of MCSCE2011, the revision work of the MCSSE was started in November,
2014, 10 years after it was first published.

The revision raised a new central concept of “key competencies,” which was one of the trends of the
international curriculum reform. The model of key competencies was applied to promote the
curriculum reform (Xin, Jiang & Liu, 2013). Mathematical key competencies formed the most
fundamental component, which decided the main line of the curriculum. The key competencies at
high school level included mathematical abstraction, operation, deductive reasoning, mathematical
modeling, intuitive imagination, and data analysis.

Based on the existing published literature (Hong et al., 2015), the “Curriculum Plan of High School
(Revision)” was based on subjects, and did not distinguish the students according to science or the
social liberal arts. The requirement for graduation credit was 144, and 88 for the essential curriculum,
with no less than 42 for selective series 1, and no less than 14 for selective series 2.

It was intended that the new curriculum would include Essential Series, Selective Series 1, and
Selective Series 2. The Essential Series consisted of “Preparing Knowledge” (set, logic language,
equivalence and inequality, etc.), “Function and Sequence” (the concept of function and the principles,
fundamental functions, sequences, and the application of functions), “Vector and Geometry” (solid
geometry, two-dimension vectors, and the application of vectors: solving for triangles), — “Statistics
and Probability ” (random sampling , error modelling, estimation, classical probability, and
geometric probability, which emphasized the fundamentals and modernization of the content.

Series 1 included “Function and Derivative” (derivatives and applications, optimizing, inequality),
“Vectors and Geometry”(solid vectors and solid geometry, analytical geometry, conics, etc.),
“Statistics and Probability”(counting principles, conditional probability, discrete random variables,
Bernoulli model, and linear regression, which emphasizing the fundamentals of the content.

Series 2 was divided into five categories, A, B, C, D and E. Category A was for students who chose
a science direction, including calculus with one variable, three-dimensional geometry, three-
dimensional linear algebra, and models of statistics and probability. Category B included calculus,
linear algebra, and statistics and probability, which had less content than A, and emphasized
application and mathematical modelling. Category C (social science) included logic, social surveying,
and mathematical modelling, which emphasized application. Category D was “Beauty and
Mathematics”, which included mathematics in sport, in music, and in art. Category E was the school-
based curriculum, an adaptation of the Advanced Placement Curriculum, including calculus with one
variable, integration with one variable, linear algebra, and statistics and probability.

Based on the existing published literature, the revised high school standard was changed a lot from
the MCSSE, including the organization of the curriculum, the division between science and liberal
arts, and the introduction of AP. The teaching method and other directions were changed according
to the change of curriculum.

1-6
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It needs to be noted that the revision was still ongoing, so systematic revisions still needed to be made
after the publication of the final version.

In early 2018 the MCSSE2017 was released and the official examination of related textbook was
ongoing. Revision of the MCSCE2011 was initialed and it was planned to be finished in 2020.

CONTENTIONS WITH THE MATHEMATICS CURRICULUM REFORM

The curriculum reforms of the early 21st century led to deep changes in ambitions, curriculum content,
teaching methods, textbooks and assessment methods. These changes had prompted the development
of mathematics education in China. As well, both the preparation and deployment processes of the
curriculum reform had caused various theoretical and practical contentions in the mathematics
education community. All aspects of the curriculum reform were subject to some contention (see,
e.g., Cao, 2005; Wang, 2005; Zhang, 2000), especially the requirements for the objectives and content
of the curriculum, such as the issues of “Calculation”, “Mathematical Systems”, “Geometry”, and
“Uniformity and Diversity”.
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The implementation of the K to 12 Basic Education Program is a major reform in the educational
landscape of the Philippines. In particular, the intended K to 12 mathematics curriculum is
designed based on the spiral progression approach where five learning domains, namely: Numbers
and Number Sense, Measurement, Geometry, Algebra and Patterns, and Probability and Statistics,
cut across the grade levels with increasing complexity.  With the goal of developing critical
thinking and problem solving while anchored on constructivist pedagogical approaches, the
reformed mathematics curriculum poses challenges in closing implementation gaps through more
responsive and sustained teacher development programs. With the important role of school
mathematics teachers as key implementers of the reform, this discussion paper examined the models
and processes for professional teacher development that have been carried out in the Philippines to
address the needs for school mathematics teachers in expanding their knowledge bases and
enhancing their capacities for implementing the K to 12 mathematics curriculum.

THE PHILIPPINE EDUCATIONAL SYSTEM AND THE CONTEXTUAL REALITIES OF
CURRICULUM REFORM

The Philippines, an archipelago in Southeast Asia with a population of over 100 million as of 2015
Census, has a school system that is considered one of the largest in the region in terms of student
enrolment. The Philippine Statistics Authority (2017) reported that combined enrolment size in
basic education system (elementary and secondary) is 21.6 million as of School Year 2016-2017.
Moreover, the country’s educational system is dynamic as it has undergone dramatic changes
amidst various social, economic and political forces through various historical periods of its
educational evolution with a mix of Spanish, American and Asian influences (De Guzman, 2003).
Gaerlan and Bernardo (2013) further claimed that educational reform is necessary as continuous
improvement in education will have “large social returns, in health, wealth and well-being of a
nation’s citizenry” (p. 1).

For the past decades, the Philippine basic education cycle was considered one of the shortest in Asia
with only 10 years of pre-university education comprising 6 years of elementary and 4 years of
secondary level. In 2012, the Department of Education launched the K to /2 Basic Education
program which is a major curriculum reform in the educational landscape of the country aimed at
expanding the basic education cycle from 10 to 12 years and, at the same time, enhancing the
quality of educational outcomes (Department of Education, 2012). This education reform was
enacted into law as Republic Act No. 10533 otherwise known as the Enhanced Basic Education Act
in the Philippines (Congress of Philippines, 2013). From a national perspective, this educational
reform primarily reflects the shared experience of change of a country’s educational system as it
adopts to changing contextual realities of the 21st century, national priorities and emerging global
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standards. From a global perspective, more recent curriculum reforms are characterized by current
shift from subject-centered models to outcomes-based, standards-based and competency-based
integrative curriculum models towards improvement of educational outcomes (Sahlberg, 2006).

With the goal to improve education outcomes in terms of achievement, participation and
completion rates, the Department of Education (2012) further rationalized the K fo 12 Basic
Education reform as a measure to enhance the quality of basic education in the Philippines which
was deemed urgent and critical considering the dismal performance of Filipino students in the
National Achievement Tests (NAT) and in international assessments like the Trends in International
Mathematics and Science Study (TIMSS) where the Philippines ranked 23rd in performance out of
25 countries in Grade IV Math and Science and 34™ out of 38 countries in high school mathematics
in TIMSS 2003, and 10" among 10 participating countries in TIMSS 2008 for Advanced
Mathematics (cited in Department of Education, 2012).

Teachers as Key Implementers of Curriculum Reform

The challenge of implementing the intended K fo /2 Basic Education curriculum lies in the hands
of the teachers who are the key actors in any curriculum reform. Leung (2008) contended that
teachers should be the major focus of analysis and source of evidence in the introduction of
curriculum reform. Given that it is largely the responsibility of the teacher to manage the teaching-
learning environment in order to attain the desired outcomes, there is a need to assess teachers’
capacity to implement the reformed curriculum. Consequently, it is of vital concern to look into
teachers’ professional development needs as they cope with the demands of this reform.

THE K TO 12 MATHEMATICS CURRICULUM REFORM IN THE PHILIPPINES

With the overarching goal of “producing holistically developed Filipino citizens with 21st century
skills,” the national K to 12 curriculum for basic education comprised four cluster of subjects that
cuts across the grade levels from Kindergarten to Grade 12 to nurture the learner’s holistic
development. These subject clusters are: (1) Languages (Mother Tongue, Filipino and English), (2)
Mathematics and Science, (3) Arts and Humanities, and (4) Technology and Livelihood Education
(Department of Education, 2012).

Some salient features of the reformed curriculum which has substantial impact in the teaching of
Mathematics and Science include the use of spiral progression approach to ensure mastery of
knowledge and skills age each level and the use of pedagogical approaches that are constructivist,
inquiry-based, reflective, collaborative and integrative (Department of Education, 2012). These
features have profound implication on the training of both preservice and inservice mathematics
teachers. This paper discusses the implementation of the reformed K 7o /2 mathematics curriculum
in the Philippines with particular focus and context in in-service teacher development.

The Intended K zro 12 Mathematics Curriculum

The intended K fo 12 mathematics curriculum encompasses five learning domains; namely: (1)
Numbers and Number Sense, (2) Measurement, (3) Geometry , (4) Algebra and Patterns, and (5)
Statistics and Probability.  Further, the mathematics curriculum framework identified the
development of problem solving and critical thinking as the twin goals of mathematics teaching,
and the pedagogical approaches are grounded on the underlying learning principles and theories of
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Constructivism, Experiential and Situated Learning, Reflective Learning, Cooperative Learning,
and Discovery and Inquiry-based Learning (Department of Education, 2012). Inspired by Bruner’s
model of the spiral curriculum, the adoption of the spiral progression approach to curriculum design
in the K fo 12 Mathematics curriculum implies that the same concepts are developed and taught
from one grade level to the next in increasing complexity and sophistication (Tan, 2012).

The challenge of implementating the reformed K fo /2 mathematics curriculum is centered on how
the mathematics teacher will address the attainment of the twin goals of teaching mathematics
within the five content domains, skills and processes, diverse contexts, effective use of
mathematical tools along with development of a set of values and attitudes within various
pedagogical approaches anchored on Constructivism as a philosophy and theory of learning. This
discussion paper examines the important role of mathematics teachers as key implementers of this
reformed K to 12 Mathematics curriculum and the challenges in teacher professional preparation
and continuing development. In the context of ICMI Study 24 Theme C: Implementation of
reformed mathematics curricula within and across different contexts and traditions, this discussion
paper will focus on the question:

What models or processes for professional teacher preparation and continuous development
have been carried out in the Philippines in the implementation of the reformed K to 12 Basic
Education curriculum, and what are there influences, effectiveness, successes or failures?

TEACHERS’ PROFESSIONAL PREPARATION AND DEVELOPMENT FOR
IMPLEMENTING THE K TO 12 MATHEMATICS CURRICULUM

Mathematics teacher preparation and development is essentially viewed as comprising two stages,
the pre-service and in-service stages which are generally regarded as a continuum rather than
discrete phases. While there may be gaps between what is taught in pre-service teacher education
programs and what beginning professional teachers need in implementing the curriculum, studies
on how teacher education graduates manage the transition from being pre-service student teachers
to beginning professional teachers may inform both schools and teacher education institutions on
the need for coherence and alignment, particularly in the case of mathematics and science teacher
education programs (Reston, Rosaroso, Capistrano, Japitana, 2012). Moreover, with the K fo 12
Basic Education reform in 2012, implementation gaps may be wider when considering how in-
service mathematics teachers will cope with the demands of the curriculum reform when their pre-
service teacher education preparation was based on the 2002 Basic Education Curriculum that
preceded K fo 12. Thus, continuing professional development of in-service teachers was an urgent
need following the beginning years of implementation of the K f0/2 basic education reform.

In 2011, the Science Education Institute of the Department of Science and Technology (DOST-SEI)
and the Philippine Council of Mathematics Teacher Education (MATHTED), Inc. published the
Framework for Philippine Mathematics Teacher Education which provided a set of standards that
could guide Teacher Education Institutions (TEls), universities and colleges, professional
organizations of mathematics teachers, schools and other educational groups involved in the
educational and professional development of school mathematics teachers in the Philippines. With
the ultimate goal of raising the quality of mathematics education in the Philippines to world
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standards, the framework also presented a vision of a competent mathematics teacher as follows:

A fully competent mathematics teacher possesses a strong mathematical content knowledge,
is armed with mathematical pedagogical knowledge as well as general pedagogical
knowledge and management skills, displays an appropriate mathematical disposition and
values one’s own professional development (SEI-DOST & MATHTED, 2011, p. 11).

With this characterization of the professional knowledge bases of a competent mathematics teacher,
the framework also mapped out a professional development continuum for mathematics teachers
and outlined performance expectations at each growth level of teacher development; namely:
novice, emerging, accomplished and expert (SEI-DOST & MATHTED, 2011).

PROFESSIONAL DEVELOPMENT MODELS AND PROCESSES FOR K TO 12
MATHEMATICS TEACHERS

Different stakeholders of Philippine education from both government and private sectors responded
to this need for teacher development in relation to the reform. For the Department of Education, the
professional development of teachers are planned at the national office and primarily consisted of
mass trainings by geographical regions and by academic subjects. The Cascading Model was
applied where in-service trainings and seminars move from the national, regional, division, then
school level with decreasing duration at each lower level (Bentillo, et al, cited in Lomibao, 2016).
These in-service trainings and seminars usually span for 2 to 5 days and conducted twice a year,
during midyear break and summer break. Bentillo et al. (2003) commented that there was much
dilution in the in-service trainings as they reach the school or division level using this top-down
one-shot model. Further, there are rarely any documented evidences on how these trainings impact
teaching practice and led to improved student outcomes.

Another model of professional development used in the Philippines is the Cluster-based training
which involves teachers from several schools attending the same training program conducted by
invited subject specialists as trainers with the content determined by the master teachers and the
department coordinator of the schools in consultation with the teachers (Ulep, 2006). Ulep further
claimed that dilution may be avoided in this model, however, if the trainers are not fully aware of
the schools’ situations, the relevance of the training may not be well appreciated by the teachers.

In practice, it has been observed that professional development efforts for teachers in the
Philippines are primarily episodic and training-oriented. The most popular approaches are in these
forms of short-term seminar-workshops and mass trainings which are usually “one-size-fits-all”
form of training where teachers are passive consumers of knowledge with little or no opportunity to
reflect on the connections and applications of their learning to their own teaching practice (Reston
and Canizares, 2018). Hawkes & Romiszowski (2001) contended that many educational reform
efforts targeting improved student outcomes have been unable to produce the kind of desired
learning outcomes and they attributed this failure to the lack of sustained, serious, systemic
investments in the knowledge base of individual teachers.

Currently, there is an increasing number of mathematics educators and researchers who explored
more progressive models of teacher development such as the Lesson Study approach. The
University of the Philippines National Institute for Science and Mathematics Education
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Development (UPNISMED) has advocated the Lesson Study approach for science and mathematics
teacher development. In 2013, UPNISMED organized the National Conference in Science and
Mathematics Education with the theme “ Empowering Teachers of the K to 12 Curriculum through
Lesson Study.” Originally a Japanese practice of enhancing teaching practice, the Lesson Study is
described as process wherein teachers work collaboratively in small groups to conduct a systematic
inquiry into their pedagogical practice by closely examining their lesson (Fernandez, 2002). To
date, UPNISMED has conducted several lesson study groups in various schools within Metro
Manila and nearby provinces for both elementary and high school lessons (UPNISMED, 2017).
Several groups of mathematics teachers and teacher educators have also turned to Lesson Study as a
school-based professional development model for improving mathematics teacher quality and
student outcomes. As examples, Elipane (2011) promoted the use Lesson Study as a teacher
development model in pre-service mathematics teacher education. Lomibao (2016) applied Lesson
Study as a professional development approach to enhance teacher capacities on implementing the
Grade 10 mathematics lessons on Polynomial Functions and Baroja et al (2017) integrated the
history of mathematics in teaching Grade 7 lessons on Measurement and documented the processes
and outcomes through a lesson study.

More recently, the Department of Education (DepEd) issued DepEd Order No. 35 series of 2015 on
institutionalizing the Learning Action Cell (LAC) as a school-based continuing professional
development strategy for improving teaching and learning in the K to 12 Basic Education program
(Department of Education, 2016). A Learning Action Cell is a group of teachers who engage in
collaborative learning sessions to solve shared challenges encountered in the school facilitated by
the school head or a designated LAC leader. The LAC shared some commonalities with the lesson
study as it promotes teacher collaboration and the growth of professional learning communities or
school-based communities of practice, though there are marked differences in focus of the
collaborative learning sessions and group structure. Furthermore, this development indicates
DepEd’s willingness to embrace more progressive teacher development models beyond the
traditional training models. Moreover, the success and challenges of implementation of LAC in the
DepEd school system still need to be documented.

The evolution of professional teacher development models to address teacher needs in
implementing the K to 12 basic education reform, particularly for the reformed mathematics
curriculum, is indicative of the openness and flexibility of various institutions and professional
teacher groups to embrace a wide range of options to improve teaching quality and learning
outcomes. Further, this discussion will present a specific case of a mathematics teacher
development initiative using a needs-based professional development model, and winds up with
some suggested future directions towards bridging gaps between pre-service teacher preparation
and continuing professional development of in-service mathematics teachers.

A Needs-based Professional Development Model for K to 12 Mathematics Teachers

In response to the challenges of the K f0/2 Basic Education reform in the Philippines, the Science
and Mathematics Education Department of the University of San Carlos in Cebu City, Philippines
conducted in SY 2014-2015 a needs assessment survey participated by 98 Mathematics teachers
across 17 randomly selected public and private schools in Metro Cebu, Philippines. Following the
SAEDIR Professional Development model by Arome and Levine (2007) which emphasized the
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importance of needs assessment as a starting point in planning for professional development, we
conducted a cross-sectional survey using a researcher-developed questionnaire to identify teachers’
professional development needs in terms of developing knowledge bases and capacities for
implementing the K fo/2 mathematics curriculum. Further, guided by the professional development
model by Loucks-Horsley, Love, Stiles & Hewson (2003), the needs assessment considered the
range of knowledge bases that teachers need for teaching, including teachers’ mathematical
content knowledge and beliefs about teaching and learning as well as their professional contexts.
The results were validated with a one-day workshop which engaged volunteer teacher-respondents
in activities that assessed their pedagogical content knowledge for teaching in the five learning
domains of the K to 12 mathematics curriculum.

In terms of teachers’ self-assessment of their mathematics content knowledge for teaching across
the 5 learning areas of the K to 12 Mathematics curriculum, the findings revealed that Probability
and Statistics was ranked 1% by majority (63.3%) of the teachers as the area where they are least
confident to teach and in which they need more professional development. This was followed by
Geometry , Measurement, Algebra and Patterns and Numbers and Number Sense, respectively
(Reston & Canizares, 2018). These results confirmed with our previous efforts on training school
mathematics teachers to teach statistics (Reston and Bersales, 2008).

In response to this need, we embarked on a five-year teacher development project entitled
Improving Statistics and Probability among K to 12 Mathematics Teachers in the Philippines. Now
on its fourth year, this ongoing project is a collaboration of the University of San Carlos with expert
support from Academics without Borders (AWB), a non-governmental organization based in
Montreal, Canada, and the Department of Education Region 7. The project aimed to: (1) enhance
teachers’ pedagogical content knowledge (PCK) for teaching Statistics and Probability across the K
to 12 Basic Education curriculum; (2) assist in the development of materials that can be used in
workshops for practicing teachers; (3) develop a support structure for practicing teachers which
could include online support. The project is implemented in three phases. Phase 1 comprise one
year capacity building of workshop facilitators along with the development of activities and
learning resources for the workshops. Phase 2 consisted of the on-going implementation of
workshop-based courses held in parallel sessions for elementary, junior and senior high school
mathematics teachers. Phase 3 includes the development of a support structure with e-learning and
communication platform for participating teachers to access additional resources, share best
practices and participate in a professional learning community of teachers. Results of pre-and post
workshop evaluations showed positive results on teachers’ reaction and learning (Reston and
Loquias, 2018). Future directions include expansion to a Certificate Program for Teaching K to 12
Mathematics to cover the other learning domains, starting with Geometry as the next identified area
of need. Following Kirkpatrick’s model of evaluation of training programs, there is still need to
evaluate program results/outcomes and impact.

IMPLICATIONS AND FUTURE DIRECTIONS

The need to improve the quality of inservice teacher development has led to emergence of newer
models of professional development beyond traditional approaches of episodic trainings in seminar-
workshop format. Addressing gaps in the implementation of the K fo /2 Mathematics curriculum
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require the need to focus on the teacher preparation and development in both pre-service and in-
service stages of teacher development. Future directions will consider various modes of program
delivery to include the optimal utilization of technological platforms for teaching and learning, and
the integration of reflective practice and research within the teacher development model.

Further, in response to the K to 12 Basic Education Reform, the Commission on Higher Education
(CHED) has recently released the Programs, Standards and Guidelines (PSG) for Teacher
Education as CHED Memorandum Order No. 75 Series of 2017. This PSG stipulated the “shift to
learning competency-based, standards and outcomes-based education” in response to 21% Century
Philippine Teacher Education Framework and anchored on the salient features of the K to 12
Enhanced Curriculum and the Philippine Professional Standards for Teachers. This document
articulates the core competencies expected of teacher education graduates, including Mathematics
majors. Finally, it i1s important to consider the necessary connections and implications of pre-service
teacher preparation and the continuing in-service teacher development to close implementation gaps
in the reformed K to /2 mathematics curriculum.
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This paper begins by offering a conceptualisation of “curriculum” as a vector consisting of six
components (‘“‘goals”, “content”, “‘materials”, “forms of teaching”, “student activities” and
“assessment”). A curriculum is then determined by specifying each of these components and is
implemented by enacting them. Then the paper presents the Danish competency-based KOM
Project and discusses the extent to which this project has actually been implemented in curriculum
reforms in Denmark. The conclusion is “only partly”, the main reason being that no official
measures were instigated to ensure the much needed professional development of authorities and
teachers. Nevertheless, the KOM Project had quite an impact on Danish mathematics education,
albeit “from bellow”, but had an even greater impact internationally, both indirectly via PISA and
directly as a consequence of personal contacts between mathematics educators in Denmark and a
number of other countries. Finally, the paper offers some reflections on the conditions for
successful implementation of novel curriculum ideas.

TERMINOLOGICAL CLARIFICATION OF KEY CONCEPTS

The title of the panel to which this paper is a contribution is “Implementation of reformed
mathematics curricula within and across different contexts and traditions”. In addition to
“mathematics”, this title contains some key words such as “curriculum”, “implementation” and
“reform(ed)” that are in common use around the world, yet carry a lot of different meanings. |
therefore find it necessary to begin this paper by proposing some clarification (I hope!) of these and
some related terms.

The key word “curriculum” means rather different things in different places (Niss, 2016). Thus, the
Collins Cobuild dictionary (1999) offers the following definition: “A curriculum is all the different
courses of study that are taught in a school, college or university” (p. 401). Kilpatrick (1994), in
contrast, focuses on a single subject rather than on an entire collection of subjects and writes “The
curriculum can be seen as an amalgam of goals, content, instruction and materials” (p.7). A
somewhat different definition, focusing on the mathematics teacher and on what is actually
happening in the classroom, is put forward by Stein, Remillard, and Smith (2007): *“...we use the
term curriculum broadly to include mathematics curriculum materials and textbooks, curriculum
goals as intended by the teacher, and the curriculum that is enacted in the classroom” (p. 319,
footnote).

Irrespective of what definition of curriculum we adhere to, any curriculum is situated and lives
within an educational setting, i.e. the institutional, structural and organisational entity within which
the teaching and learning addressed by the curriculum take place. A prime example of an
educational setting is the entire public school system of a given country or political sub-unit. As
other examples we may think of a particular school, a particular tertiary institution, or a particular
course, say in a university.
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In (Niss, 2016) I proposed, along the lines of Kilpatrick’s definition, to define a (mathematics)
curriculum with respect to a given educational setting as a vector with six components, as follows:

o  Goals
(the overarching purposes, desirable learning outcomes, and specific aims and
objectives of the teaching and learning taking place under the auspices of this
curriculum);

o (ontent

(the topic areas, concepts, theories, results, methods, techniques, and procedures
dealt with in teaching and learning);

e Materials

(the instructional materials and resources, including textbooks, artefacts,
manipulatives, and IT systems employed in teaching and learning);

o Forms of teaching
(the tasks, activities and modes of operation of the teacher in this curriculum)
e Student activities

(the activities of, and the tasks and assignments for, the students taught according to
this curriculum);

o Asssessment

(the goals, modes, formats and instruments adopted for formative and summative
assessement, respectively, in this curriculum).

Specifying a curriculum in a given educational setting then amounts to specifying each of these six
components. Furthermore, implementing a given curriculum amounts to specifying it, as well as to
carrying it out, i.e. putting all the six components into practice.

The agency that determines a curriculum and has the power to implement it within some
educational setting is the curriculum authority for that curriculum (Niss, 2016). It may happen that
a curriculum authority chooses to leave some of the six components unspecified. Then these
components are open for others, e.g. teachers, to specify, for instance by way of enactment. In some
countries national curriculum authorities specify only a few of the components, typically “goals”,
“content” and “assessment”, whilst the remaining ones are left to be decided upon by, say, local
governments, institutions, or teachers.

What, then, do we mean by reformed mathematics curricula, as hinted at in the title of the panel?
Well, the term “reform” suggests some desired changes of a rather fundamental nature, which are
likely to affect several components of the curriculum, probably all of them. Usually, one wouldn’t
use the term “reform” unless at least “goals” and “content” are explicitly affected. However, even
though the primary reform target may be “goals” and “content”, the other components are likely to
be affected as well, by derivation, even though this may not be explicitly intended.
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COMPETENCY-BASED MATHEMATICS CURRICULA - THE CASE OF DENMARK

In the late 1990’s, the Danish Ministry of Education, on the advice of the then existing Council for
Mathematics and Science Education, saw a need for reforming the mathematics (and other)
curricula in Denmark across all educational levels. This need was spurred by a number of issues and
problems that became more and more manifest and visible within and outside the education system.
These included that too many students didn’t benefit enough from the mathematics instruction they
were offered, and that there were serious transition problems and severe academic and socio-
cultural discontinuities when students moved from one segment of the education system to the next,
from primary to lower secondary education, from lower to upper secondary, and from upper
secondary to tertiary education. These transition problems went hand in hand with insufficient
progression in students’ mathematical learning within and across these segments, which led to
“consumer” complaints about the decrease in students’ mathematical capabilities. Moreover, it was
a widely held perception that not all teachers were adequately prepared for offering high quality
mathematics teaching to their students. These — and several other — problems were seen as (co-
)responsible for the fact that students opted away from further education programmes in science,
mathematics and technology, i.e. the so-called STEM programmes, which was (and is) considered a
serious societal problem.

Against this background, the Ministry, assisted by the Council, in 2000 established a commission (a
task force), composed of mathematicians and mathematics educators (researchers, teachers, and
ministerial inspectors) and a few representatives from society at large. The Commission was
chaired by me, whilst Tomas Hejgaard (Jensen) was the Commission’s academic secretary. The
task of the Commission was to (1) identify, uncover, chart, and analyse the entire set of
problématiques pertaining to mathematics education at all levels of the Danish education system,
and (2) to propose measures and tools that were likely to be effective in improving the state-of-
affairs by counteracting the problems identified and by remedying (some of) the deficiencies
observed. The Commission worked for two years in what became known as the KOM Project
(“KOM” is an acronym for “Competencies and the Learning of Mathematics” in Danish) , and
ended up publishing a comprehensive report, known as the KOM Report (Niss & Jensen, 2002;
Niss & Hgjgaard 2011), which was presented and debated widely in several places and quarters in
Denmark and soon after in a number of other countries as well (e.g. Germany, Norway, Sweden).

The brief for the KOM Project was far from solely focused on proposing new curricula, whatever
that word meant in those days, but had a much wider scope. In other words, the KOM Project was
not meant to be a curriculum project. However, it was assumed, also by the members of the
Commission, that the design of mathematics curricula could be substantially supported by the
outcome of the work. I shall return to this issue below.

The KOM Project took its point of departure in the need for creating and adopting a general
conceptualisation of mathematics that goes across and beyond educational levels and institutions.
Only then would it be possible to deal with mathematics in a manner that was neither tied to nor
dependent on particular levels and types of institutions., which was necessary in tackling the
transition problems in the education system. We also wanted to avoid being locked into the
specifics of particular mathematical subject matter domains or topics such as algebra, geometry,
functions, calculus etc., the place and content of which vary greatly across levels and institutions.
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We therefore decided to base our work on an attempt to define and characterise mathematical
competence in an overarching sense that would pertain to and make sense in any mathematical
context. Focusing - as a consequence of this approach - first and foremost on the enactment of
mathematics means attributing, at first, a secondary role to mathematical content.

We then came up with the following definition of mathematical competence:

Possessing mathematical competence — mastering mathematics — is an individual’s capability and
readiness to act appropriately, and in a knowledge-based manner, in situations and contexts that
involve actual or potential mathematical challenges of any kind.

In order to identify and characterise the fundamental constituents in mathematical competence, we
introduced the notion of mathematical competencies:

A mathematical competency is an individual’s capability and readiness to act appropriately, and in a
knowledge-based manner, in situations and contexts that involve a certain kind of mathematical
challenge.

A metaphor may illuminate the relationship between competence and a competency: If we think of
mathematical competence as a huge, complex molecule (say a polymer), the competencies represent
much smaller building blocks (atoms or monomers) in this molecule.

Eight competencies were identified, in the beginning on theoretical and experiential grounds only.
Later on they became corroborated empirically. These competencies are:

e Mathematical thinking competency
Mastering mathematical modes of thought
e Problem handling competency
Being able to pose and solve mathematical problems
e Modelling competency
Being able to analyse and construct mathematical models
e Reasoning competency

Being able to reason mathematically in the context of justification of mathematical
claims

e Representation competency
Being able to handle different representations of mathematical entities
o Symbols and formalism competency
Being able to handle symbol language and formal mathematical systems
e Communication competency
Being able to communicate, in with, and about mathematics
e Aids and tools competency

Being able to relate to the material aids and tools for mathematical activity
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Since the competencies are meant to go across all mathematical subject matter domains, in a given
educational setting it neither makes sense to consider deriving the competencies from such domains,
nor to consider deriving domains from the competencies. Even though the competencies can, of
course, only be developed and exercised in dealing with subject matter, the relationship between
competencies and mathematical domains should be perceived as constituted by two independent,
yet interrelated dimensions, as depicted in the matrix in Table 1:

Topic 1 Topic 2 Topic n

Thinking

Problem handling

Modelling

Reasoning

Representation

Symbols/formalism

Communication

Aids and tools

Table 1: The competencies by topics matrix

Each cell in this matrix represents the relationship between the competency in the corresponding
row and the topic in the corresponding column. More specifically, it allows one to specify the ways
in which this competency plays out in dealing with Topic j, and the ways in which Topic j plays out
in exerting the competency at issue.

KOM-referenced curriculum reforms in Denmark in the 21% century

As mentioned above, the KOM Project was not established as a curriculum project. However, it was
certainly intended and expected that the outcomes of the project, including the eight mathematical
competencies, would be instrumental in designing new curricula that would help counteracting
some of the problems identified prior to and within the project.

Even if the notion of curriculum introduced at the beginning of this paper wasn’t in place at the
time of the KOM project, the project actually adopted a similar notion of curriculum, which was
also partly reflected later in the Danish curriculum reforms of the 21 century. This means that all
the above six components of curriculum were addressed in the curriculum design, albeit with
varying degrees of specification. It follows from what was said above that the “content” component
had to be specified independently from the competencies, whereas the competencies were paid
attention to in shaping the other components. The “goals” component, in particular, was typically
formulated in competency terms.
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In a number of different ways, the KOM Project was a great challenge to traditional
conceptualisations of mathematics teaching and learning in Denmark. With the project’s primary
emphasis on the enactment of mathematics, across education levels and mathematical topics, rather
than on mathematical content, curriculum authorities — the official Danish education system,
governed by the Ministry of Education — as well as teachers experienced difficulties at coming to
grips with how the outcomes of the KOM Project could in fact guide the design and implementation
of new curricula that weren’t (to be) defined in terms of classical content strands.

This implied that the new curricula of the first two decades of the century continued to be primarily
based on subject matter domains, whereas the competencies were presented in the general sections
of the curriculum documents accompanied by general requirements that the teaching of those
domains should pursue competency-oriented goals and that competencies should be paid attention
to “throughout” the teaching activities.

In Denmark national exams at the end of grade 9 and again at the end of grades 10, 11 or 12, (the
latter depending on which of several possible mathematics streams the individual student is in at the
upper secondary level) are high stakes exams organised by the Ministry of Education. Without
going into details with the somewhat complex exam structure and organisation, suffice it to say that
the written component of those exams ended up paying almost no attention to the competencies. In
the oral component, which is mainly dealt with locally within the individual institution, there is
room for paying attention to the mathematical competencies, if the teacher so wishes, which is also
the case when it comes to formative assessment. In other words, the crucial curriculum component
“assessment” was never markedly influenced by the competency approach, and since “what you
assess is what you get” this partly jeopardised the competency approach and made it largely
rhetorical at the official level.

However, other curriculum components, such as materials, including textbooks, forms of teaching,
and student activities were oftentimes pretty much influenced by the competency thinking of the
KOM Project. The same is true of pre-service teacher training and in-service professional
development.

So, whilst the competency approach mainly had a rhetorical impact on the official curricula,
especially as regards the components that are somewhat tightly controlled by the Ministry of
Education (“goals”, “content”, and “assessment”), it wouldn’t be correct to say that this approach
has had no impact on the implementation of these curricula in everyday practice. As a matter of fact,
the competency approach and the associated terminology substantially influences the discourse
amongst mathematics educators in Denmark, who readily express themselves and explain their

activities in terms of the KOM competencies.

Ironically, then, we may say that what from the point of view of the Ministry of Education should
have provided a top-down platform for an entirely new approach to mathematics teaching and
learning never became such a platform, primarily due to inertia in the different segments of the
official system, whereas the approach and the thinking of the KOM Project gradually, in a bottom-
up process, crept into significant — but certainly not all — aspects of everyday mathematics
education.

This development begs an answer to the question: Why did things happen in this way?
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Well, this is a highly complex issue, which involves a combination of universal as well as national
features of curriculum design and implementation. I shall focus on the national features.

It is clear that the thinking in and behind the KOM Project and the competency approach taken were
novel — if not outright radical — ambitious and demanding for the Danish education system and the
teachers to come to grips with. So, it was far too optimistic on the part of the system to expect that
the KOM Project ideas could be transposed into curriculum design and implementation without
further ado, by just reading the KOM report. Neither the curriculum authorities nor the teachers
were exposed to a systematic, thorough introduction to the ideas and their consequences, or were
offered professional development activities beyond the written report itself. This is typical of
Denmark, in which political unwillingness to spend public money on human resources in
combination with anti-elitism has got a strong foothold during the last fifty years. In retrospect it
would have been absolutely necessary for a much more forceful and effective implementation of the
competency approach in Danish curricula to have had large-scale, systematic in-service activities
within all layers of the system. In the absence of such activities, the competency ideas had to enter
the system mainly by osmosis.

Against this background it is remarkable that the KOM Project thinking and the competency
approach have in fact influenced mathematics teaching and learning in Denmark as much as they
have. This can only be explained by the existence of serious needs amongst educational authorities
and mathematics educators for conceptual innovation in mathematics education. The policy lessons
that can be learnt from this case are primarily two: (1) You cannot effectively pursue goals and aims
unless you are willing to invest and apply material and immaterial means that are conducive to the
aims and goals, and (2) Only very rarely are top-down measures successful. If you really want to
achieve change, it is essential that those who are to bring that change about have ownership to not
only the need for change but also to the means to achieve it. If not, you might be able to see changes
on the surface of things, but they won’t really affect the substance the way you desired and
expected.

THE COMPETENCY APPROACH IN OTHER COUNTRIES

During the first two decades of this century, many countries and quarters took an interest in the
KOM Project and in the competency approach to mathematics education (Niss et al., 2016). This
was partly, but not exclusively, stimulated by the fact that competency ideas were involved in
shaping all the PISA mathematics frameworks between 2000 and 2012 (Niss, 2014) by
underpinning and developing the notion(s) of mathematical literacy. However, due to direct
personal contacts between mathematics educators in Denmark and in countries such as Germany,
Norway and Sweden, these countries early on adopted and adapted aspects of a competency
approach as well as some of the related KOM Project ideas in their curriculum development.
Especially the German Ldnder, in the first decade of this century, agreed to take an explicit
competency approach when reforming their curricula, leading to the so-called “Bildungsstandards”
(see, e.g., Kultusministerkonferenz, 2012). Many countries in Latin America and Spain were also
inspired by the competency ideas, primarily via PISA.

The most important thing to observe here is that it was never a matter of direct translation and
adoption into other countries of the KOM Project ideas, let alone the documents, in curriculum
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development, design and implementation. Rather, it was a matter of modification and adaptation of
(some of) these ideas so as to suit national circumstances, needs and traditions. Oftentimes, the
eight competencies of the KOM Project were amalgamated or modified in various ways, typically
into fewer than eight competencies. In some cases, adaptations were not even in conformity with
“the spirit” of the KOM Project but were, nevertheless, inspired by some of its features.

Once again, there are lessons to be learnt from these developments. Firstly, one should never aspire
to directly translating, transferring and adopting curricula or curricular ideas from one setting to
another, especially not from one country to another. Such import, even of curricula that were highly
successful in their original setting, is almost doomed to failure because the socio-cultural
environments, as well as the economic, technological, structural and institutional boundary
conditions vary so much within and across countries.

Secondly, the lesson just mentioned should not be taken to suggest that inspiration from others is
likely to fail. On the contrary, and this is the second lesson worth mentioning, thoughtful and
careful consideration of what others have accomplished, whilst paying attention to the conditions
and circumstances under which the accomplishments were achieved, is likely to stimulate positive
innovation (and innovation always comes with a “sign”) in new places, provided those who are to
implement this innovation are genuine shareholders in it.
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During the last three decades, school mathematics curriculum in Chile has experienced continuous
change. Reforms have followed previous, recently implemented, reforms. Driving forces of these
changes are of a social, economic and political nature. After a brief characterization of these
processes, some of the lessons learned by this prolonged period of reforms are described, as they
may give some insight into questions like: what are the processes? Who are the agents? And, what
are roles those actors have in the generation and implementation of reform in school mathematics
curriculum? Curriculum reforms in the country evolved and were nested in broader processes.
During the last three decades the country has experienced a deep transformation. The very structure
of the educational system has been questioned and been deeply modified. Some of the new emerging
institutions are also described because of their impact in the process of generating and putting into
action the new curriculum. We are dealing with an issue —curriculum reform- where generalization
is hazardous, especially considering that the reformed curriculum and the new institutions have been
recently implemented or are in process of being created. Present analysis may be valid considering
that perhaps the only way to understand curriculum reform is, precisely, by analyzing these
phenomena where and when they occur.

Introduction

Since the beginning of the nineties, Chile has experienced continuous economic and social growth.
This process has been slow but sustained. There has been a significant improvement in economic and
social development indicators. Reduction of poverty and a substantial improvement in the quality of
life are unmistakable signs of a positive change. The continuous clamor for a better education,
“quality education for all”, has forced the above-mentioned period of repeated reform efforts.
National and international tests show little progress in learning. These small gains are not compatible
or sustainable when compared to the development of the country in other areas. Another driving force
is the pervasive and perverse gap between the haves and the have not’s. A single and driving force is
inequity as shown by learning results. Evidence shows that learning outcomes in public schools are
significantly inferior to the ones in private educational institutions. This gap has shown to be the most
difficult barrier to trespass in the Chilean educational system. The search for more equitable
educational outcomes may be the most important driving force behind a thirty-year effort to reform
the national educational system in the country.
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Some milestones’

The reform of school mathematics curriculum is to be understood as embedded in a broader process:
the reform of the educational system. The following are some of the milestones in the reform process
which are major decisions that might impact the educational system as a whole: the creation —as a
result of a multi-sector consultant committee- of the National Council of Education (CNE), (1996-
1998); the extension of compulsory education up to 12 years of schooling (2003)?; a major reform of
the framework defining the education for the country® (2009); the creation of the Quality Agency
(2011), responsible for the national test as applied in various school levels; a new definition for
elementary, secondary and technical education* and the creation —in process- of regional entities
responsible of the administration of public schools which are accountable for the implementation of
the national curricula, a policy that promotes decentralization of the educational system. In a minor
scale -but significant because they are some of the major results of reform efforts- the following can
be mentioned: new infrastructure for schools throughout the country; new standards for teacher
selection and teacher preparation; an improvement, although still insufficient, of working conditions
and professional development for teachers; the almost universal access to digital technologies; free,
newly designed, textbooks for all students in public schools; the extension of school schedules; and,
especially relevant to the subject of this analysis, a renewed and more demanding school curriculum.
National tests applied to the entire system, at various school levels, are mentioned separately because,
although considered to be a guaranty of quality control, have become, at the same time, the
operational definition of school curriculum and the latter competes with the official national
curriculum.

Tendencies in the process of reform of the national mathematics curricula

Before discussing the role of different agents, institutions and driving forces in the process of renewal
of the mathematics school curriculum in the country, some of the most salient tendencies of the reform
of the school mathematics curriculum are now summarized.

There has been a remarkable effort to bring the national curriculum closer to international standards.
Simultaneously, ideas, themes or content, before reserved for the last two years of schooling or the
beginning of university courses, are now included in lower levels. This tendency can be observed in
the treatment of functions, previously reserved for grades 11 and 12, now initiated in grade 7 or 8.
The same occurs with probability and statistics or patterns and algebra, beginning now in first grade.
Geometry includes, now, coordinate geometry and vectors. Another tendency is the emphasis of skills
over content. The national curriculum in Chile promotes modeling, problem solving, communication
and argumentation, and multiple representation skills. Mathematical reasoning has been of major
concern among policy makers of the mathematics curriculum. The new curriculum points to
classroom management that encourages the formulation, analysis and verification of conjectures.
Modeling skills are emphasized throughout the curriculum. The proposed intense use of digital
technologies is another new emphasis. It will be discussed, when analyzing the implemented
curriculum, that the above-mentioned emphases on mathematical skills and digital technologies are
the most difficult for school teachers to put into practice.

1 See the appendix: An itinerary of three decades in the mathematical curriculum in Chile.

2 A reform that implied reforming the constitution (N° 19876, May 22, 2003), it was complemented in 2013, including
kindergarten as mandatory.

SLGE, Ley General de Educacién (General Education Law, the national framework for education in the country.

4 The old structure had eight years of elementary education and four of secondary. The new structure —in process of being
implemented- assumes six years of elementary and 6 of secondary. Furthermore, secondary is divided into four years
common for all schools and two differentiated, including Technical Schools.
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Agents, institutions and driving forces

Society and culture evolve. Students, their parents, newspaper editorials, researchers, political agents,
and other public media, call for better schools and better learning results. Students have gone to street
protests and teachers have also used this media to air their grievances. How are these tendencies and
energies channeled? Who takes charge?

In practice, a combined action led by committees appointed by the division of the Ministry of
Education responsible for curriculum and evaluation (UCE), and especially appointed committees,
have been responsible for interpreting those voices demanding new ways of implementing education
in the country. The above-mentioned division, which is responsible for school curriculum, has
specialized teams in different areas of the curriculum, particularly in mathematics.

A team of five or sometimes six professionals with some modifications of its members, has been at
the center of the reform process of the national mathematics curriculum. Who are they? Included are
mathematics educators, professional mathematicians, researchers, some of them, with successful and
significant experience as school teachers and also some recently graduated, promising professionals
holding a degree in mathematics education or in mathematics. The present leader is a professional
mathematician with recognized experience in the field of mathematics education and is the creator
and former director of a graduate program in teaching.

What is the role of the mathematics team at the Ministry of Education? When involved in a reform
process, the main responsibilities are the analysis of existing curriculum, the compilation and analysis
of evidence about curriculum implementation, the search and analysis of the demands and proposals
of specific leading actors, the search for significant results of research and, in the field and
international experience in mathematical curriculum, the interpretation of general directives as
generated by educational authorities within the Ministry of Education. Moreover, there is the
formulation of proposals for the new curricula, the participation in different consultations and
validation processes and the incorporation, to proposed curriculum, of the results of the consultation
process. Once the new curriculum has been approved, several other tasks are in order: textbook
specifications; the search for and the evaluation of different resources including digital ones and
digital support; the participation both in the process for the diffusion of new curricula and the
implementation of several actions related with diffusion and teacher preparation. Also, there is
participation in actions related to the impact of new curricular proposals in teacher preparation and
national tests which include the university entrance procedures and their corresponding exams.

The consultation process, its major contributors and the role of the National Education
Commission

Proposed new curriculum, in the form of a curriculum framework, is the result of a process led by
and developed by the team in the also referenced division of the Ministry of Education responsible
for curriculum and evaluation (UCE). After different consultation actions and internal reviews, a first
complete version of the school mathematics curriculum is ready for an approval process. This is when
the National Council of Education acts. It is a regulatory body, with the necessary attribution to make
ultimate decisions.

Several consultations precede the presentation of the curricular proposal to the National Council. The
consultation process and the action of the National Council are the mechanism that seek to balance
or counterbalance the action of the technical teams of the Curriculum Unit.
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Consultation has been shown to be a powerful instrument in the definition of new curricula. Who is
addressed in the process of consulting on the new proposals and how consultation instances are
organized, are important issues subject to analysis and improvement. Teachers, research centers,
researchers, mathematics and the mathematics education associations, leader private educational
organizations and general public have been consulted. Consultations have been done, mostly, in the
modality of focus-groups, also with small groups of experts and public web questionnaires. Face to
face feedback was effective in all the consultation meetings that were organized. Public consultations
on the web proved to be more effective in making the proposals be known than in generating a specific
contribution. The fact that a reform has been consulted and has received more than 15.000 public
reactions is a powerful factor for face validity and acceptance. A generalized statement can be made
for both faces to face and web consultations. Most of the feedback and sometimes the whole of it
were about teaching methods or teacher preparation. In a smaller proportion, reactions focused on
teachers' abilities needed to put into practice what was proposed and also on the necessary conditions
for implementation. A generalized reaction was: “what is proposed is too much; the amount of content
exceeds what is possible in the time available to treat it”. Those responsible for the proposal often
agreed with this evaluation. When authors of this comment where asked about what to remove from
the proposal, the most frequent answer was “nothing” and in many opportunities, ‘“nothing, but there
are many things missing”. It is clear that the entire process of curriculum innovation and the way it
has been implemented in the country lead very naturally to a growing curriculum. This is one of the
questions to be addressed in the next section.

The role of the National Council of Education is now mentioned because it addresses two important
needs of a reform that leads to a new formulation of the curriculum: the decision-making regulation
and necessary institutional counterweight. The national curriculum in Chile is law enforced. Before
a new curricular proposal becomes compulsory, a complex -also a matter of law procedure- needs to
be implemented. Proposals are generated in the Unit of Curriculum previously mentioned. Once the
design has been approved within the Curriculum Unit, they are subject to approval by de National
Council. This process is a guaranty of quality, pertinence and proper formulation. Two additional
consequences of this process are mentioned later as open questions: one is —and this is a statement
that reflects only the author’s point of view- the exaggerated weighing that has the opinion of one or
very few experts when summoned as reviewers by the Council. This delicate situation has generated
distortions or imbalances in the curricula that it has acted on. It is a question to be analyzed. The
second issue to be considered is the excessive rigidity that the whole reform process gives to the
curriculum. Once constituted by law, a change, an improvement, no matter how minor, must go throw
the same procedure. The result is unnecessary rigidity.
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Main social, cultural and technical factors shaping school mathematics curricula, new questions
and pending issues

The gap factor shows that there is a significant, odious and until now permanent difference between
the learning outcomes of students attending public and private schools. This non-solved situation
poses the question of who we are formulating the curriculum for. During decades, national curricular
requirements have been growing. Results, in national tests, show that students attending public
schools, close to de 85% of school population, are not fulfilling those standards. How does
mathematical school curriculum contribute to this gap? How might mathematical curriculum be a
factor in the reduction of these differences? Topics such as function, systems of inequations or
homothetic figures are increasingly lower in the curriculum. Is it advancing topics that make a
curriculum be better? Does the maturity of the student matter when deciding these advances? There
is tremendous and extremely valuable talent diversity. Can we justify the existence of only one
curriculum and only one way to evaluate it through standardized tests?

Testing gives solid information and has impact on the gap between stated and actual curricula. From
one point of view, national tests5 are very much valued as indicators of learning outcomes.
Simultaneously, they act as an operational definition of the mathematics curriculum. Teachers,
schools, local educational authorities and parents give high value to SIMCE results. In consequence,
what is measured ends up being a guide for teachers when making subject matter decisions. As it is
very simple to guess, higher-level learning and skills as promoted by reformed mathematics curricula,
therefore, are often not covered by classroom teachers. This is an unsolved dilemma: to test or not to
test. Mathematical modeling, argumentation skills, guessing and testing of one’s own ideas or those
of peers are difficult to measure and, thus, they lose importance for the teachers. What are adequate
relations between national curriculum and national tests? How may skills in argumentation, modeling
and enquiry be evaluated?

Globalization has influenced national mathematics curriculum in several ways: media generates
access to news, cultural issues, tendencies and frequent expert opinions on educational results;
international tests have proved to be very influential. Another factor is the almost universal and instant
access to any nation’s curriculum, including those of leading countries and economies. Are we
moving to one internationally accepted curriculum? As there are values in both local and global
knowledge’s and skills, then, what is an appropriate interaction between local and global values,
practices, traditions and expressions of culture?

New technologies have influenced in several ways school mathematics in the country. Since 1996
digital technologies are strongly required by Chilean national curriculum. During fifteen years a
national project was in place to provide schools with digital resources and teachers with needed
knowledge and skills to use them. Presently, reformed curriculum includes the requirement to use
digital resources. Results in these matters are modest. What are effective and efficient strategies to
introduce these technologies to the mathematics classroom? What are the skills teachers need to have
to use them effectively? There are strong questions we have not yet addressed in designing the
national mathematics curriculum: what is it that mathematics students need know in order to do
mathematics in an environment where technology offers the capabilities to do so? What are the skills
a person needs to learn to take all the advantages of existing digital technologies when doing
mathematics? Information and communication technologies have shaped our culture. The second

SSIMCE is a national testing process responsible for the evaluation of learning outcomes. Tests in language arts and
mathematics are applied, with some exceptions, every year in grades 4, 6, 8 and 10. With a variable frequency, other
subjects are also evaluated. This test plays an important role when school performances are evaluated. Oher influential
test is the university entrance examination: PSU.
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derivative of this change grows. Is computational thinking a necessary knowledge for everyone?
What should a mathematics teacher know about computer science?

Currently there are new social and cultural requirements: gender, the inclusion of those showing
physical or learning disabilities and personal and environmental care. All of these pose new questions.
How is curriculum worded to promote inclusion? How does one formulation for the curriculum take
care of the diversity in talent? How is personal and environmental care included in the school
mathematics curricula? How is the mathematics classroom organized and monitored, if handicapped
students are to be included?

New practices, in old packages, or school culture vs. new needed classroom practices generate their
own questions: content vs. skills, more vs. depth, expository vs. participative-collaborative classroom
practices. These are also dilemmas in reform efforts. How do we move from a tradition that focuses
in content to one that emphasizes skills? The same can be asked if depth is to be preferred to the
amount of content covered. There is also a dilemma when new practices are resisted by important
actors as school leaders and teachers.

An important issue, only to be mentioned here, referrers to the instruments that end up being the
concrete manifestation of a reform. In terms of Robert Gass (1972), “media are a subtle but powerful
expression of the values and priorities of those who created them”. An example to be analyzed, a
expression of school curriculum format called Progress Maps®, was used in 2007 in Chile. They
showed to be very effective as teachers, textbooks creators and researchers reported. Also, starting
with the first public consultation in knew school curricula, Internet potentiality was confirmed. Many
throughout the country new about the reform, had opinions and had the means to communicate them
to the teams responsible for the reformed curriculum. Consequently, what are effective ways to
communicate new curriculum? What are effective ways to use web options when implementing a
curriculum reform? Are, e-learning courses one of those effective uses of the web? Are we using all
the potentiality of the means we use to express and communicate curriculum?

Another issue to be analyzed refers to when and why reforms are initiated. These have begun in a
casuistic, not predictable agenda, the opposite to a planned systematic process. Search for long term,
periodically evaluated curriculum proposals has been an issue in Chile. A one-year educational
committee was appointed (2016) to deal with this issue. Nationally recognized educational authorities
were asked to generate proposals to create a “National policy of curriculum development”. The
purpose of the Committee was to make reforms of school curricula less vulnerable to political or
conjectural factors’. These are important questions: What is an appropriate-long- term policy in
school mathematics reforms? What are the conditions that make a reform needed? Is there a way to
apply significant and defensible school curriculum diagnosis? How is a new reform decided?

There is a fundamental role played by researchers, and research and development centers and
institutions. The period of school mathematics curriculum considered in these pages is the first in
Chile where researchers —both in mathematics and in mathematics education or didactics- have had
significant influences on school mathematics. In another publication, (Rojas and Oteiza, 2014) the
authors refer to this as “new actors”. There are three graduate programs in Chile in didactics of
mathematical education and four university research and development centers which have had a
significant influence in the school mathematics’ curriculum. This is an unmistakable sign of progress.
However, questions remain: How does the knowledge generated by the research reach the classroom?

% With the assistance of a curriculum team of New South Wale, Australia

82



Oteiza

How do the questions that originate in the classroom reach a research center or a graduate program?
“Publish or perish” has led our researchers to publish in prestigious international journals, but, are
the problems and local questions addressed by those publications?

There are new conditions, new actors and new possibilities. New conditions challenge some success
indicators and show new tendencies. One of these indicators is the arithmetic average, the mean score.
The success of a student, class, school or country is measured using -almost exclusively- averages as
indicators. Some signs showing a shift in this practice, are in place. These are: the use of standard
deviation to show an aspect of equity: a smaller distance between the higher and lower outcomes.
Another emergent indicator is the proportion of women in top places of school mathematics tests or
contests. Integration of students with disabilities also has been used to express success, challenging
prevailing competitiveness in our society. There is a number of national universities among the 100
or 50 international best; there is also a singular result of an astronomer, a woman in this case,
recognized, among the "discoverers of planets", included among the arguments of better results in
national education. Moreover, the number of scientific divulgation books of national authors that are
successful in bookstores, the number of programs leading to the doctorate, the proportion of the
national budget invested in education, are all examples of the shift in priorities. Attention on those
indicators point to new national education trends. The mathematical curriculum is to be understood
as part of that shift both as an effect and a cause.

CONCLUSION

School mathematics curriculum reforms are complex processes; this is only a short communication,
however, most of the issues addressed in the above sections require and deserve a deeper analysis;
in fact, almost all of them are research theme candidates. In this opportunity an effort was done to
analyze actors, processes, institutions and curriculum design needs in a country from a point of
view that is desirably valuable from an international perspective.

The process of creation, the required efforts to implement it and the multiple and somehow discrepant
reaction to a reformed school of mathematical curriculum, generate their own questions and force a
new formulation of the old ones. Questions remain about the causes, the actors, and the context of
each reform. National efforts are unique and different. We all learn from sharing knowledge and new
questions. The matter of how to improve the reform processes from its inception to the next moment,
when new needs force a new curricula formulation, continues to be a valid and open question. Thanks,
for the opportunity to participate in a cooperative effort on the search of better education for boys,
girls and young people around the world!
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Appendix

An itinerary of three decades in the mathematical curriculum in Chile

1990. A reform period is initiated. A national program is implemented to accompany and eventually
improve conditions and learning results in the 900-school showing the least results in the country
(P-900).

1990. MECE Bésica® y MECE Rural. A major reform of the first 8 grades of schooling.

1992. MECE Media’, the “11 studies”, specially appointed research teams are responsible for a set
of studies to document needed secondary school curriculum reforms.

1993. Enlaces, a 15 year project to introduce digital technologies in education was initiated.

1994. MECE Media, the reform of secondary education is initiated.

1996. A new curriculum is in place: Functions are introduced at levels 9 to 12, Probabilities and
Statistics are introduced al levels 11 and 12; the National Council of Education is created.

2002. First distance course for teachers in the web: funciones.cl. To be followed in 2004, with b-
learning courses in geometry, probabilities, statistics and algebra.

2003. The extension of compulsory education up to 12 years of schooling.

2006. A new curriculum is approved for grades 1 to 10. Four strands, numbers, algebra, geometry
and probabilities and statistics. Algebra and pattern recognition and probabilities and statistics from
grade 1 to 12. A special emphasis is given to mathematical reasoning -conjecturing and the
verification of own ideas are emphasized. “Progress maps” are published, becoming a new standard
in mathematics education.

2007. A major reform of the framework ruling the national system of education is approved (The
General Law of Education, LEG).

2011. The creation of the Quality Agency, responsible for national tests and the evaluation of school
performances. “Bases Curriculares”, a new curriculum for grades 1 to 6. The strand of
measurement is introduced, special emphasis is given to concrete, pictorial and symbolic
representation of mathematical ideas and procedures; also, skills on problem solving, modeling,
representation, communication and argumentation are emphasized.

2013 - 2015. “Bases Curriculares” are extended until grade 10, a new emphasis in functions,
representation, argumentation and modeling, are in place.

2015. Preschool education becomes compulsory.

2016. A national policy in curriculum development agenda, is announced.

2020. A differentiated curriculum for grades 11 and 12 is to be implemented; as a result, students
will be able to choose between courses on the initiation to calculus, 3D geometry, computer
thinking and programming, and a first course in inferential statistics.

8 Grades 1° - 8° (Elementary School level).
® Grades 9° - 12° (Secondary School level).
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Among many steps that might result in effective mathematics teaching and learning in classrooms,
one is the documentation of the intended content and processes. In the preparation of such
documentation there are a number of decisions, described here as dichotomies, that are made. In
the creation of the Australian Curriculum: Mathematics, in the period leading up to 2010, explicit
decisions were made about some of these dichotomies. The following outlines the decisions that
were taken and what has happened subsequently. It is not argued that the choices made are the
only possibilities, but the intention is to explain what the issues were and what has happened
subsequently. The aim is to inform debates about curriculum documentation and to indicate what
has worked in this case.

Introduction

This contribution and the associated presentation provide an opportunity to reflect on the intention
and processes for the design and writing of the Australian Curriculum: Mathematics (AC:M) and
to reflect on subsequent developments. The argument is that curriculum reform can be an agent
and process for prompting teacher professional learning but whether this happens or not depends
on whether the structure of the curriculum documentation and associated support foster such
knowledge creation. Whatever the rationale for curriculum reform, whatever are the processes for
resolving documentation, whatever are the methods for dissemination of the documentation, the
critical agent in the reform process is the teacher, and so success of the reform is dependent on
the support for teachers.

In any curriculum reform process there are many dilemmas or dichotomies about which active
decisions are taken. One of the meanings of dichotomy is that there are two mutually exclusive,
opposed, or contradictory positions. This contribution outlines some of the dichotomies in any
curriculum reform process and reflects on ways that such dichotomies were and are being resolved
in the Australian Curriculum.

As with any central or system decision making process, especially when there are jurisdictional
complexities, there will be vested interests who make decisions more in the interest of the
jurisdiction or their agents than in the interest of end users. This has happened in the case of the
Australian Curriculum.

The process of development

Even though there are broader definitions of curriculum, including terms such as intended,
planned and enacted (see, for example, Porter, 2004), this discussion focuses on documentation
associated with centrally developed curriculums and decisions on the form and substance of that
documentation. Of course, the real curriculum results from the ways that such documentation is
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interpreted, implemented and experienced in schools and classrooms, but the main opportunity
for governments to intervene meaningfully is at the level of documentation.

Prior to the creation of a single national curriculum, there were eight Australian jurisdictions that
each had their own curriculums and associated supporting resources. The responsibility for such
curriculums was jealously guarded. In most cases the curriculums were informed by earlier
national profiles so there was substantial overlap in the substance of the content specifications in
the various jurisdictions but the extent of collaboration on aligning the documentation was
minimal. Some of the jurisdictions are quite small with limited resources that made the earlier
development of high quality curriculum documentation difficult.

The motivation for creating national curriculums in all domains was essentially political but the
rationale was related to efficiencies in the development of text and online resources for teaching,
the potential for better and cheaper text books, more aligned professional language, and better and
more comparable assessments. The Australian curriculum started from four domains,
Mathematics being one.

The first step was the development of a discussion paper that set the goals and processes of the
curriculum. This was described as the Shape Paper (Australian Curriculum Assessment and
Reporting Authority (ACARA), 2009) and outlines the principles, the aims, the terms used, the
focus of the respective levels of schools, various issues such as connectedness and clarity, and a
discussion of pedagogy and assessment especially as they related to equity and inclusion. The
paper was developed by a broadly based writing team and sought online and face to face feedback
nationally. I was invited to lead the process, presumably because of my experience as a teacher
educator and researcher and the initial discussions included a range of researchers ensuring that,
where relevant, research findings were considered.

The following discussion describes some of the dichotomies and is intended to raise some of the
considerations in the documentation of curriculums generally.

Dichotomy 1: Teacher proofing or teachers as learners

Curriculum reform and associated teacher learning are integrally connected to views that
curriculum developers and system decision makers have of teachers. There is a clear dichotomy
of perspectives apparent in the ways that the initial curriculum was designed and has been
interpreted.

On one hand, if teachers are seen as unreliable and unable to interpret curriculum documents then
the curriculum will be written and supported in a particular way. On the other hand, if teachers
are viewed as thinking, flexible and creative agents, then the curriculum documentation and
associated support can reflect those perspectives. The Shape Paper and the initial curriculum
design opted explicitly for the latter position. The underlying assumption is that if systems
place trust in teachers, they will come to see the underlying principles of the curriculum. In this
process, teachers can become better educators.

While there was always an expectation that there would be some jurisdictional customisation, it
turns out that at least some of this rewriting has been arguably counterproductive and
certainly minimizes the impact of some of the reform initiatives, especially seeing teachers as
learners and creative agents. For example, one of the content descriptions in the Australian
Curriculum (ACARA, 2018) is:

Choose appropriate units of measurement for length, area, volume and mass
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In at least one jurisdiction, this has been broken up into five separate statements creating the
impression that the intention is the learning of the individual attributes (length, area, etc.)
rather than “choosing appropriate units”. The focus of the original descriptor is lost when the
original statement is compartmentalised. In other words, increasing the detail of the
documentation can be counterproductive to the mathematical intention and also to the learning
of teachers.

Another decision taken was to seek to reduce the breadth of the specified content so that the
more important aspects were presented. Each time jurisdictions increase the level of detail and
breath of expected content, they reduce teacher decision making and the potential for teachers
to learn about the broader goals of mathematics learning. The same is true for management
(meaning “compliance”) processes that insist on breadth of coverage at the expense of depth.
In the ICMI 24 conference, it seemed that a common concern was that curriculums, worldwide,
are crowded and this is counter-productive to building understanding, problem solving and
reasoning.

Dichotomy 2: Documenting everything possible vs including just enough information

One of the initial decisions in the creation of the AC:M was that the curriculum should be
described clearly and succinctly. Indeed, the intention was that the content for any one year be
presented on a notional single “page”, described parsimoniously and presented flexibly via a
dynamic web based environment to emphasise the need for teachers to make active decisions
(ACARA, 2009). The dichotomy is that, on one hand, comprehensive documentation would
provide teachers with guidelines of what to teach, while on the other hand it would have the
effect of restricting teacher decision making, causing it to be harder for teachers to see the “big
picture”.

The early consensus in the creation of the AC:M was that mathematics is much less a set of
isolated micro skills to be learned independently of each other than it is sets of connected
concepts and processes and that it is better for teachers to see the connections. To explain this,
imagine that students are asked to complete a set of exercises from a mathematics text. If
students complete the questions and exercises one by one without considering the bigger
picture, they are less likely to appreciate the intentions of the designer of the exercise. If, on the
other hand, teachers prompt students to consider, for example, “in what ways is question 15 more
complex than question 17, “which of the earlier questions are likely to help you to answer
question 15?” students can be encouraged to consider the intentions of the designers and consider
the purpose of the exercise as a whole. But teachers are unlikely to pose such prompts if they
themselves are not anticipating the overall intentions of the learning. In other words, excessive
compartmentalization and documentation can reduce the possibilities of teachers seeing
connections. The tendency in some jurisdictions in Australia, subsequent to the initial publication,
has been to increase the level of detail in and complexity of curriculum descriptions which has
the effect of limiting the extent to which teachers can imagine the bigger picture or even
consider seeing the broader perspective as important.

A related aspect is the ways that the curriculum fosters connections between and within
strands and substrands. A key international perspective which emphasises the importance of
connections is Variation Theory (see Kullberg, Runesson, & Martensson, 2013). Watson and
Mason (2006) outlined the importance of thoughtfully constructed sequences of learning
experiences out of which the underlying concepts can be extracted. Similarly, Dibrenza and
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Shevell (1998) described number strings as an example of the ways that sequences of related
exercises can emphasise number properties. Sinitsky and Ilany (2016) explained that
considering both change and invariance illustrates not only the nature of the mathematics but also
the process of constructing concepts. In other words, finding ways to support teachers in seeing
and using connections between and within concepts can support teacher learning and effective
teaching. To achieve this, the curriculum needs to be clear and concise.

This connects directly to classroom implementation. It goes without saying, regardless of the
educational context, teachers are better able to support students when they know what they
hope the students will learn. Hattie and Timperley (2007), for example, reviewed a large
range of studies on the characteristics of effective classrooms. They found that feedback was one
of the main influences on student achievement. The key elements identified were that students
should receive information on “where am I going?”, “how am I going?”, and “where am I going
to next?” To advise students interactively, it is important for teachers to know their goals.

One of the disadvantages of having the content determined by a student text is that teachers are
less required to think about their own broader purposes. The same is true for curriculums in which
the teachers are “told” which tasks to teach without having to appreciate the goals, both content
and processes, associated with the tasks. One of the critical foci for teacher learning is to
enhance their capacity to make their own decisions using the curriculum documents and
other resources to which they have access.

A further central aspect that relates to the nature of the documentation is the expectations that
teachers will collaborate with colleagues in their planning of sequences of learning. It seems that
in some countries the textbook serves as the curriculum and teachers need only to turn to the next
page in planning their lessons. In Australia it is common for groups of teachers to plan sequences
of lessons together. Not only does this allow teachers to learn from each other but also planning
together encourages them to anticipate how students might respond, identify potential blockages
and misconceptions, share the development of supporting resources, and so on.

Dichotomy 3: Practitioner vs specialist writers

Another early dichotomy relates to whose voice should be heard. One of the initial
considerations was whether the curriculum should be written by experts or by practitioners, with
the latter option being chosen. The process for creating the curriculum and associated documents
was collaborative involving extensive, indeed exhaustive, consultation. Subsequently
curriculum writers, predominantly classroom teachers, were employed and an advisory
committee formed. There were extensive consultations around successive drafts, piloting in
schools across the nation, mapping of the drafts against the various state and international
curricula, and many other actions as well. The advantage of this process is that a curriculum was
developed which was familiar to many teachers. The disadvantage is that the writing was
informed by many and diverse contributions. In other words, there is a tension between seeking
consensus and maximising coherence that is not generally acknowledged by commentators.

Dichotomy 4: Mathematics as preparation for later study or mathematics as experience

One of the key dichotomies in determining a mathematics curriculum is related to the nature of
the mathematics to be described. One perspective refers to the structure and content of many
mathematics curricula that create the impression that the main goal of learning mathematics is
preparation for study in a subsequent year level. An alternate perspective is that curricula should
inform an experience of learning that is like being a mathematician, in which the learning about
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and using mathematics is the primary goal. Of course, a balanced curriculum will consider both
perspectives but the intention in the AC:M was to move away from a curriculum that focused
only on the former.

In describing perspectives on teaching mathematics, Ernest (2010) categorised the desired
goals as being:
¢ functional numeracy, which is the mathematics adequate for general employment and
functioning in society;
e practical knowledge, particularly work readiness and the mathematics used by various
professional and industry groups; and
e advanced specialist knowledge, which is the mathematics that forms the basis of

science, technology, engineering and mathematics courses and professional
preparation.
In these terms, the competing perspectives are numeracy/practical mathematics on one hand and
specialised mathematics on the other. These different emphases are evident in ACARA’s (2009)
statement of the aims of the mathematics curriculum as being on one hand:
to educate students to be active, thinking citizens, interpreting the world mathematically, and using
mathematics to help form their predictions and decisions about personal and financial priorities. ... In a
democratic society, there are many substantial social and scientific issues raised or influenced by public

opinion, so it is important that citizens can critically examine those issues by using and interpreting
mathematical perspectives.

And on the other hand:

mathematics has its own value and beauty and it is intended that students will appreciate the elegance
and power of mathematical thinking, experience mathematics as enjoyable, and encounter teachers
who communicate this enjoyment — in this way, positive attitudes towards mathematics and
mathematics learning are encouraged.

The AC:M took an explicit stance that the mathematics and numeracy that should be experienced
by school students is much more than the emphasis on procedures and computational processes
that seemed to constitute much of the teaching of mathematics in Australia at the time (see
Hollingsworth, Lokan, & McCrae, 2003; Stacey, 2010). It is unfortunate that much of the
subsequent discussion of the curriculum starts from the perspective that the primary rationale for
the inclusion or emphasis on an aspect of content is that it will be used in subsequent study. This
tendency is especially evident at senior levels with the pressure from interest groups being to
increase the emphasis on procedures and routines and to include additional topics exacerbating
the already crowded curriculum.

At ICMI 24, some of the discussions centred around the nature of the precision with which the
content should be described. This perspective is that mathematical fidelity is a function of the
readiness of the students to appreciate the purpose of such mathematical focus.

Dichotomy 5: General vs specific descriptions of expected mathematical actions

The first aspect of the AC:M that teachers access is the descriptions of the concepts or
content that form the focus of learning experiences. There are achievement standards available
that give advice to teachers of the expected standards of performance. The key device for
broadening teacher focus to encourage them to value specific mathematical actions was described
as proficiencies.

ACARA (2009) proposed that the content be arranged in three strands that can be thought of as
nouns, and four proficiency strands that can be thought of as verbs. The content strands, Number
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and algebra; Measurement and geometry; and Statistics and probability, represent a conventional
statement of the “nouns” that are the focus of the curriculums worldwide.

These four proficiency or process strands (the “verbs”) were adapted from the recommendations
in Kilpatrick, Swafford, and Findell, (2001). The first of these, Understanding, (the Kilpatrick et
al. term was conceptual understanding) was described as follows:
Students build a robust knowledge of adaptable and transferable mathematical concepts, they make
connections between related concepts and progressively apply the familiar to develop new ideas. They
develop an understanding of the relationship between the ‘why’ and the ‘how’ of mathematics. Students
build understanding when they connect related ideas, when they represent concepts in different ways,

when they identify commonalities and differences between aspects of content, when they describe their
thinking mathematically and when they interpret mathematical information.

A second proficiency is fluency (the Kilpatrick et al. term was procedural fluency) was
described as:
. choosing appropriate procedures, carrying out procedures flexibly, accurately, efficiently and
appropriately, and recalling factual knowledge and concepts readily. Students are fluent when they
calculate answers efficiently, when they recognise robust ways of answering questions, when they choose

appropriate methods and approximations, when they recall definitions and regularly used facts, and when
they can manipulate expressions and equations to find solutions.

A third action is problem solving (strategic competence) which was described as:
... the ability to make choices, interpret, formulate, model and investigate problem situations, and
communicate solutions effectively. Students formulate and solve problems when they use
mathematics to represent unfamiliar or meaningful situations, when they design investigations and
plan their approaches, when they apply their existing strategies to seek solutions, and when they
verify their answers are reasonable.

The fourth proficiency, reasoning (adaptive reasoning) includes:

. analysing, proving, evaluating, explaining, inferring, justifying and generalising. Students are

reasoning mathematically when they explain their thinking, when they deduce and justify strategies
used and conclusions reached, when they adapt the known to the unknown, when they transfer

learning from one context to another, when they prove that something is true or false and when they
compare and contrast related ideas and explain their choices.

The proficiencies are represented as intersecting with each of the three sets of descriptions of
content, illustrating that the proficiencies are not only a focus of learning of all aspects of
mathematics but can be the vehicle for that learning. There was an explicit intention to
support teachers in seeing mathematics learning as incorporating all of these actions. In
previous Australian curriculums, the metaphor of “working mathematically” was used to
prompt teachers to incorporate processes into their teaching. Unfortunately this seemed to
communicate to teachers that working mathematically was an additional content strand, so the
broader process actions were somewhat hidden.

It is noted that while the first two proficiencies, understanding and fluency, can be prompted by
explicit teacher instruction, problem solving and reasoning require student centred approaches,
further communicating to teachers about the breadth of pedagogies needed and the nature of
learning experiences that they can create.

Some jurisdictions have sought to complicate the issue by introducing additional proficiencies,
which seems to overlap substantially with at least one of these four, making assessment of the
proficiencies more complex and thereby reducing teacher flexibility.
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Dichotomy 6: Mathematics for elite or mathematics for all

A further key element of the AC:M, which was intended to inform teacher learning is related to
the challenge of equity. In various reports on international assessments (e.g., Thomson, De Bortoli,
Nicholas, Hillman, & Buckley, 2010) and in other analyses (e.g., Sullivan, 2011) the diversity of
achievement of Australian students is noted. In particular, it seems that low SES students as a
group perform substantially below other students. This is connected to the curriculum in
various ways.

ACARA (2010) argued that all students should experience the full range of mathematics in the
compulsory years. Mathematics learning creates employment and study opportunities and all
students should have access to these opportunities. This is both an equity and a national
productivity issue. The curriculum makes the explicit claim that all students should have
access to all of the mathematics in the compulsory years.
A fundamental educational principle is that schooling should create opportunities for every student.
There are two aspects to this. One is the need to ensure that options for every student are preserved
as long as possible, given the obvious critical importance of mathematics achievement in providing

access to further study and employment and in developing numerate citizens. The second aspect
is the differential achievement among particular groups of students. (ACARA, 2009)

An explicit goal of education in Australia is the intention to build an inclusive society in which
all citizens can participate. The connection to inclusive processes for learning mathematics is
obvious.

The prevalence of achievement grouping in many schools is a major threat to equity in that
students, even from the earliest years, can be offered a restricted curriculum. If mathematics,
using the terms above, is seen as accessible by only some students, with numeracy being the
focus for others, this reduces learning opportunities of some students. The implication in
achievement grouping is that teachers do not have the repertoires to address the diverse needs of
learners, whereas the documentation around the AC:M implied that professional learning around
such pedagogies should be a priority.

Conclusion

The claim here is that the initial intentions of the AC:M were that the curriculum should be seen
as an agent of reform with the emphasis being on documentation that both assumes and creates
a focus for teachers being active learners about curriculum and pedagogy. This intention
was also evident in the processes used to communicate to teachers that doing mathematics
is as important as skill development, and that not only is it possible to structure classrooms to be
inclusive of all students but also that that is an expectation.

In some ways, the debates around curriculum documentation have been conducted without any
attempt to considers the dichotomies around the decisions taken and have moved in the direction
of limiting teacher agency, restricting inclusiveness and reducing relevance of the experience of
learning mathematics.
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The purpose of this paper is to conduct a reflection on the mechanisms of development and enactment
of the reformed Lebanese Mathematics Curriculum. In particular, it aims to discuss the internal
coherence and mutual influences between the declared theoretical and pedagogical foundations of
the curriculum on one hand, and some of the implementation tools and practices on the other. The
paper is based on results of several research works that investigated, over the past years, different
aspects of the reformed Lebanese curriculum, but goes beyond those results to present a more
comprehensive view of the curriculum. Results of studies on the curriculum foundational
documentation, textbooks, and national examinations, have converged to uncover inconsistencies
among the different curriculum components. In the absence of suitable resources, such
inconsistencies act as obstacles to change and put practitioners at a higher risk of reverting back to
old practices.

INTRODUCTION

It is widely agreed that, throughout the processes of its development and implementation, a
curriculum does not remain a static entity. As it is conceptualized, framed, developed and applied,
the curriculum is reshaped by the agents involved — e.g. stakeholders, curriculum developers, school
administrators, teachers, students — and may take, at each level, a different form. A large scope of
research works have coined terms to characterize different representations of a curriculum, such as
the intended, implemented, attained, tested or assessed curricula. McKenny et al. (2006) assert that
internal consistency and harmony among curricular representations is an important condition for a
successful and coherent curriculum (Schmidt, Wang & Mcknight 2005; Schmidt & Prawat 2006).

The purpose of this paper is to discuss the internal coherence of the Lebanese Mathematics
Curriculum (LMC) and the extent of alignment between the declared theoretical / pedagogical
foundations of the curriculum and some of its implementation and assessment tools. The paper is
based on results of several research works that investigated, over the past years, different components
of the reformed LMC; but it goes beyond those results to present a more comprehensive and synthetic
view of the curriculum.

BACKGROUND AND MAIN HYPOTHESIS

The educational system in Lebanon is characterized by a high level of centralization and a national
curriculum that is binding to both, public and private schools. Decision making and developments
are exclusively under the jurisdiction of the Center for Educational Research and Development
(CERD), overseen by the Ministry of Education (MoE). While public schools apply only the national
curriculum and textbooks, private schools may apply other programs and may use different series of
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textbooks, local or foreign. They are, however, bound to cover the national curriculum. A major tool
of governmental control is the national examinations, referred to as official exams.

The Lebanese Ministry of Education proposed, in 1994, a project for overhauling the educational
sector, as stipulated by the Taif Agreement (1989), which has put an end to the 15-year-long war. In
October 1995, the government approved a plan for developing the new curricula. Starting 1995, a
reform process of the educational system and national school curricula began, after a stagnation that
lasted more than 25 years, partly because of the war that hit the country. The older national curriculum
initially created in 1946, just after the independence of Lebanon, was partially revised in 1968 and
1971 to include instances of the worldwide “New Math” wave, such as the set theory. An extremely
abstract, procedural and directive spirit has always characterized the old, long lasting math
curriculum, setting up an educational culture guided by, and revolving around stereotypical national
examinations (Osta, 2007). In those curricula, conceptualization was neglected and students were
seen as passive receivers of information and executors of algorithms.

Between 1995 and 1999, the reform efforts mobilized politicians, educators, teachers, textbook
developers, and other constituents of the Lebanese society. The educational ladder has been organized
into two main levels: Basic Education (BE) and Secondary Education (SE). The BE consists of three
cycles, three years each — Elementary cycle 1 (grades 1 to 3), Elementary cycle 2 (grades 4 to 6) and
Intermediate cycle (grades 7 to 9). Secondary Education includes grades 10 to 12. The main
curriculum document, delineating general objectives and objectives of the cycles, as well as the
scope-and-sequence and contents to be taught in every grade level, was issued in 1997. The national
textbooks were gradually developed and applied over three years thereafter (every year, the new
curriculum and textbooks were implemented in one more grade level of each cycle), till the year 2000
that witnessed full implementation at all grade levels, and culminated into the first national exams
under the new reformed curriculum.

After a long period of adoption of an old traditional curriculum, the reform of the LMC constitutes a
revolution. It changes the ways the nature of mathematics and its teaching are perceived by the
educational community. The intention was to align the new curricula with the worldwide curricular
trends at that time. The methods adopted are defined as constructivist and active, the learner being
the "center of the teaching/learning operation", and the capacities of “reasoning and problem solving”
outweighing algorithmic procedures and memorization of facts. Compared to the old curricula, a real
revolution was announced and expected.

The major question remains: Has this revolution been maintained throughout the curriculum
development and implementation processes? An essential claim of this paper is that, with the
marginal role of teachers, absence of internal coherence of the curriculum, and lack of suitable
resources, the high-stake national exams determine, to a large extent, the orientations of the
curriculum enactment and make it revert back to the deeply rooted old practices.

REFLECTION ON THE LEBANESE MATH CURRICULUM

In the rest of the paper, four of the main components of the LMC will be discussed, namely: 1) the
foundational documentation of the curriculum. The role of this documentation was to act as a guiding
roadmap for the development of textbooks and an interface between the curriculum philosophical /
pedagogical foundations and the educational community; 2) textbooks as the main guiding resource
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for teachers; 3) teachers as the main agent for the enactment and reshaping of the curriculum; and 4)
the national examinations as the central focus and determinant factor of the curriculum development,
implementation and reorganization.

Foundational documentation

The foundational curriculum documentation consists of: 1) the main curriculum document issued by
an official governmental decree (CERD, 1997) delineating the aims of the curriculum, its pedagogical
recommendations, general objectives (GOs), and objectives of cycles (OCs); 2) the details of content,
published gradually in three volumes over three years (1997 for the first year of every cycle, 1998
for the second years, and 1999 for the third years). They include the specific objectives (SOs) and
detailed information about the contents of the mathematics subject for each grade-level year.

Osta (2003) investigated the internal coherence of the LMC documentation using mapping tables and
text analysis of the curriculum documents above. The analysis of the main curriculum document
showed a high level of coherence between the general objectives GOs and the philosophical and
pedagogical foundations announced in the introduction. They both use a language focused on the
development of cognitive abilities, the importance of problem solving, and the appreciation of
mathematics as a practical tool related to everyday life. Following are a few examples:

Mathematics is defined in the introduction as “a fertile field for the development of critical thinking,
for the formation of the habit of scientific honesty, for objectivity, for rigor and for precision. It offers
to students the necessary knowledge for the social life and efficient means to understand and explore
the real world”. As for the recommended teaching methods, they “consist of starting from real-life
situations, lived or familiar, to show that there is no divorce between Mathematics and everyday life”.
As described, the recommended teaching methods are clearly constructivist and focus on problem
solving; “the stress is mainly on the individual construction of Mathematics; it no longer consists of
teaching already made Mathematics but of making it by oneself. Starting with real-life situations in
which the learner raises questions, lays down problems, formulates hypotheses and verifies them, the
very spirit of science is implanted and rooted”.

The General Objectives (GOs) are clearly consistent with this approach; they insist on the importance
of "the construction of arguments" and on "developing critical thinking, and emphasizing
mathematical reasoning", the latter being presented as the first GO. Problem solving is presented as
the second GO and described as “perhaps the most significant activity in the teaching of mathematics.
On the one hand, every new mathematical knowledge must start from a real-life problem. On the
other hand, students must learn to use various strategies to tackle difficulties in solving a problem”.
The student must also "encode and decode messages, formulate, express information orally, in writing
and/or with the help of mathematical tools", which makes mathematical communication a third main
OG. We will refer to these three objectives by "cognitive objectives", to distinguish them from
objectives purely related to the factual and procedural mathematical content.

The curriculum therefore proposes a progressive teaching approach. A constructivist approach,
focused on reasoning, problem solving and communication, is reflected in the teaching method and
general objectives advocated in the first curriculum declarations. It is to be noted that the three
highlighted cognitive objectives are mostly in line with the American "Standards" (NCTM, 1989)
which have profoundly affected modern international trends in mathematics education at that time.
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However, only partial consistency is found between the cycles’ objectives COs and the GOs, with a
deviation in the discourse that reflects a beginning of separation from the pedagogical foundations
above. Indeed, the COs continue to reiterate the importance of the three cognitive objectives, which
systematically appear as the three first objectives for every cycle, followed by content-related, factual
and procedural objectives.

One example, where we can touch upon the deviation of discourse, is found in the objectives cited
under "Problem solving" for the secondary cycle: "Find the solution of a problem following a given
algorithm". Requiring that solving the problem should follow a "given algorithm" is in opposition to
the very meaning of problem solving. It also defeats the purpose stated in the GOs, delineating the
traits of the learner as being “an individual with a critical mind who questions, doubts, proposes
solutions”, and who "must learn to use different strategies".

The deviation from the curriculum’s foundations and GOs increases and becomes more serious at the
level of the specific objectives in the SOs in the details of content volumes. The three cognitive
objectives are not maintained in the SOs. Not only have they disappeared as independent objectives,
but they are also very rarely reflected in the contents. The analysis of the SOs shows that they mostly
represent declarative knowledge and procedural skills related to formal mathematical content,
emphasizing the execution of predetermined and automated steps and overlooking conceptual
understanding. Very few SOs are linked to the cognitive GOs, which are supposed to perpetuate the
link to the constructivist intentions of the curriculum. In an analytic quantitative study of the
coherence between the GOs and SOs of the intermediate grade levels, Shatila (2014) found that the
percentages of SOs that reflect reasoning in grade-7, 8 and 9 textbooks are 7.03%, 7.19% and 10.81%
respectively. Those that reflect mathematical communication are 8.59, 9.35 and 7.43; while those that
reflect real problem solving do not exceed three SOs out of the number of SOs in each grade level.

A spirit of “drill-and-practice”, rather than conceptualization, is remarkable in the Details of Content.
The phrase “to train the student” is frequently used. The learner is seen as a passive receiver of
information and executer of algorithms, and the teaching style that is detected from the teaching tips
is extremely directive. Consider for example the case of problem solving: Even though the GOs insist
on problem solving as a context “from real, lived or familiar situations” for both, learning and
applying concepts, we find in the details of content clear reluctance to actual situations and mistrust
of learners’ abilities as problem solvers.

The details of content were later used as the main basis for the development of the subsequent
documents and tools, including the student textbooks, pedagogical guides and evaluation guides.

Textbooks

School textbooks are the main interface between teachers and the curriculum foundations, as well as
the main tool for their educational practices. The question raised here is: considering the fact that the
Details of Content drifted away from the innovative spirit of the intended curriculum, and the fact
that school textbooks are the main tools in the hands of teachers, how can teachers maintain the link
between the tools available to them in their professional practice, and the GOs and OCs which ensure
the true reflection of the intended curriculum’s foundations?

Shatila (2014) analyzed the textbooks of the intermediate level (grades 7, 8 & 9). She mapped all
exercises and problems in those chapters against the three main GOs — problem solving, reasoning
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and mathematical communication. Results showed surprisingly low levels of coherence, reflected by
the low percentages of exercises that target the three cognitive GOs. The study also showed that grade
9 textbook is remarkably less compliant with the curriculum change than grade 7 textbook.

Knowing the fact that the textbooks for the first year of each cycle (grades 1, 4, 7 & 10) were authored
just after the development of the foundational documents in 1997 and that the textbooks for the third
year of each cycle (grades 3, 6, 9 & 12) were authored two years later in 1999, it may be legitimate
to assume that the textbook authors have gradually deviated from the reformed curriculum’s
foundations and reverted back to the old approaches. It is worthy to mention that all members of the
curriculum committees had been taught math under the old curriculum and have taught that
curriculum for many years as well.

With this question in mind, many discrepancies can be found in the national textbooks. For instance,
proportionality is addressed in two chapters of the grade-6 textbook (authored in 1999) and one
chapter of the grade-7 textbook (authored in 1997). It is noted that the Objectives stated at the
beginning of grade-6 textbook chapter to introduce the topic reflect a completely numerical and
abstract approach. The objectives are to “recognize and construct proportional chains” and “calculate
the proportionality coefficient and the fourth proportional term in a proportion”. Though some word
problems in the chapter do touch upon real-life situations, they are not used as a context for
developing the concept. They come after a series of purely numerical exercises. It is however in the
grade-7 textbook that more meaningful problem situations are provided and better connection to
everyday life is reflected in the introduction and objectives of the Proportionality chapter. At the
beginning of the chapter, a short introduction highlights such a connection: “Proportionality is one of
the most useful mathematical concepts; it applies in many fields of everyday life”. The objectives o