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INTRODUCTION

Turn of the millennium; twenty-first century society; twenty-first cencury
skills; twenty-first century learning; twenty-first century classroom; technol-
ogy revolution; globalization; terrorism; world economy; environmental
issues: these are some of the ideas that one might associate with the firse
decade of the new millennium, the 2000s, or the aughts. How does math-
ematics education fit into this picture? The ten articles in this decade ol the
aughts directly or indirecty offer particular ways to address this. Thus, the
approach I take in this commentary is not to comment on each article in an
isolated way, but to use themn to paint a picture of mathematics education
for the twenty-first cenwury. In particular, I address the following themes that
emerged for mc from the papers: numeracyin the twenty-first century, cog-
nitive science learning and teaching, mathematical processes, connecting
mathematics to our world, and practice-based professional development.

Selected Weitings from the fowrnel uf the Mathewaties Cowneil of the Atheria Teachers” Association, pages 447157
Copyright & 2014 by Information Age t'ublishing
All rights ol reproduction in any form reserved. 447






Mathematics Education for the Twenty-First Century = 449

Based on this model and the authors’ explanation of it (Goos et al.,
2011, p. 34), a numerate person requires mathematical knowledge that in-
cludes not only concepts and skills, but also higher-order thinking such as
problem-solving strategies and the ability to make sensible estimations. A
numerate person has positive dispositions—a willingness and confidence to
engage with tasks, independently and in collaboration with others, and ap-
ply their inathematical knowledge flexibly and adaptively. Being numeratc
involves using tools that may he representational {e.g,, symbol, diagrams),
physical (e.g., models, mneasuring instruments), and digital (e.g., comput-
crs, calculators). One needs to be numerate in a range of contexts includ-
ing personal contexts, work-related contexts, citizenship-related contexts,
and different curriculum contexts. The model is grounded in a critical ori-
entation to numeracy—for example, it recognizes that a numerate person
critically discusses and considers alternative solutions that give different
results and have different real lite consequences, evaluates the reasonable-
ness of results, and is aware of appropriate and inappropriate uses of math-
ematical thinking to analyse situations and draw conclusions.

This modei, then, suggests a possible scope of mathematics education
for the twentyfirst century. It reflects the multidimensional orientation of
school mathematics that is more relevant to this new millennium. Each of
the 10 articles addresses some aspect of this model which will be highlighted
throughout this commentary. Thus they all contribute to our understanding
of numeracy and mathematics education in this decade and beyond. They
raise issues about curriculum, teaching, and learning as practised in our
mathematics classrooms and offer suggestions of what we need to consider
and should do to address these issues in order to transform how we engage
and prepare our students for a changing world. These suggestions, as those
about numeracy represented in the model (Figure P5.1), require ways of
thinking about mathematics, the mathematics currictilum, and mathematics
teaching and learning that are different from what are practised in tradition-
al mathematics classrooms. This makes teachers’ learning and prolessional
development, also addressed in a couple of the articles, a critical component
in realizing the change to the twenty-first century context.

The numeracy model and the articles aiso imply a shift or extension
in the rationale for learning mathematics that includes a critical thinking
component. Lynn McGarvey’s article is explicitly related to this shift as she
cxamines, “Why do we teach math to children?” She raises concern about
the lack of, or inadequate depiction of, an explicit rationale in our past
and present provincial mathematics curricula. As she points out, the ratio-
nale for learning mathematics when given or implied in the curriculum
consists ol for the purposes of future progress of education; lor its udlity;
[or later mathematics learning; for future careers; for individual growth;
and, as a way of trying to understand, interpret, and describe our world.
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mathematical concepts, technological tools, and collaboration with others.
This perspective also suggests how important teachers are to hrain develop-
ment. For example, if every experience impacts brain structure, then the
type of experiences teachers offer students in their classrooms can enhance
or limit brain development, in general, and mathematical development,
in particular. Teachers who engage students in “worthwhile mathematical
tasks” (Nauonal Council of Teachers of Mathematics [NCTM], 1991) and
mathematical processes {discussed in the next section) and provide oppor-
tunities for creativity and critical thinking are more likely to contribute in a
positive way to enhancing students’ learning and mathematical intelligence
and their preparation to he productive citizens in the twenty-lirst century
context,

Many teachers continue to depend on a textbook to script their lessons.
However, while textbooks can be useful relerences, using them as scripts
can be problematic. For example, as Ann Kajander and Miroslay Lovric
point out in their article, they saw evidence of secondary and postsecond-
ary textbook formats that might have been intended to simplify the learn-
ing process for students. They note consequences of this—for example,
incomplete understanding, misconceptions, inaccuracies. In general, such
simplification, whether in the textbook or resulting from teachers choosing
to do so to save students from being challenged, is in conflict witb a cogni-
tive science perspective ol learning and denies students the experience to
enhance their brain structures.

MATHEMATICAL PROCESSES

In the late 1980s the ficld of mathematics education began to emphasize
the importance of mathematical processes in the teacbing and learning
ol mathematics (e.g., NCTM, 1989). In this decade of the 2000s, these
processes were reinforced by professional standards (e.g., NCTM, 2000}
and included as integral aspects of K-12 mathematics curricula. Table P5.1
shows the processes of NCTM (2000) and the current Alberta curriculum
{Western and Northern Canadian Protocol) and Ontario curriculum.
These mathematical processes are not only essential to learning mathe-
matics with understanding and enhancing mathematical intelligence from
a cognitive science perspective but are also significant in preparing stu-
dents for a twenty-first century society. Through them, teachers can cre-
ate classrooms to support tbe development of students who are critical
and creative thinkers, prohlem solvers, risk takers, and collaborators—that
is, students with skills considered to be necessary for a twenty-first cen-
wury global economy and society. These processes allow students to create
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between inquiry and genuine problem solving as ways ol learning and
teaching. The article by Olive Chapman, Krista Letts, and Lynda MacLellan
illustrates how teachers can transform their teaching to an inquiry-oriented
perspective. This article is discussed later as part of eacher learning.

This section on processcs will be incomplete without a mention of tech-
nology. While technology is not synonymous with twenty-first century learn-
ing, it is an integral aspect of it, and can play a central role in transforming
classrooms o support the mathematical processes and inquiry-based learn-
ing. However, while it provides a tool for exploration/inquiry, in a twenty-
first century classroom it should also be about connecting students with
their world and communicating with others, enabling them to learn from
others and to share their own ideas. So, while it is not dealt with explicitly
in the articles, as a tool it Is relevant to all of them.

CONNECTING MATHEMATICS TO OUR WORLD

The importance of connecting mathematics o the world is embodied in
the process of connections. As stated by NCTM (2000), instructional pro-
grams should enable students to "recognize and apply mathemaltics in con-
texts outside of mathematics” (p. 64). However, this could be interpreted
in ways that are inhibiting or liberating in terms ol students’ learning and
relationship to the world depending on what and how contexts are used.
In a twenty-first century perspective, such contexts should humanize math-
emaltics by connecting it to students’ day-to-day lives, to broader society, and
to issues of equity. Three of the articles offer ways to address this.

Florence Glanfield’s article draws attention to the situation that across
Canada there has been an attempt to humanize mathematics in courses
such as applied and consumer mathematics. These courses are generally
[or students who are not likely to take postsecondary programs that require
mathematics as a prerequisite. While such courses allow these students to
develop basic numeracy, there is a perceived issue with how “pure” and “ap-
plied” are used to label school mathematics curricula. For example, such
labels could suggest that a lower level of mathematics is nceded for applica-
tions and that “applicd” mathematics is not important for students who are
in “pure” mathematics route. This could denigrate applications to practice
exercises for mathematics concepts, such as traditional word problenrs at
the end of a unit. The bottom line is that all students should have opportu-
nities 10 engage in “pure” and “applied” mathemalics in appropriate and
meaningful ways 1o facilitate their learning and connect them to the world.

David Wagner's article offers a different way of thinking of such connec-
tions for all studemnts by considering the relationship between mathematics
and society in the context of teaching for peace and living in an unpredictable
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by exploring actual places, such as through held trips to aboriginal sites. The
article also highlights the importance of relationships within the aboriginal
culture and impact on mathematics education, in particular, relationship of
understanding and awareness of relationship with self, students, content, and
relationship within and outside mathematics. In general, the article indicates
how indigenous knowledge can offer a basis lor teaching and learning math-
ematics by both Aboriginal and non-Ahoriginal students and teachers. For
example, it highlights the roles language (particidarly in understanding the
link between indigenous knowledge and matbematics), place, community,
and culwre play in Aboriginal learning ol mathemarics that are also relevant
to non-Aboriginal students’ learning. The characterization of indigenous
epistemologies as being experiential, storied, relational, contextual, and ho-
listic has implications for how we view mathematics, mathematical tools, and
mathematics pedagogy and is a view consistent with twenty-first century nu-
meracy and cognitive science perspectives ol learning.

PRACTICE-BASED PROFESSIONAL DEVELOPMENT

For teachers to be able o implement and sustain a rwenty-first century
mathematics classroom, they should understand mathematics and learn-
ing in ways discussed for students. Thus teacher education programs and
professional development approaches also need to reflect the demands of
the twenty-first century and implications of cognitive science research for
learning. The 2000s have seen significant changes to mathematics teacher
education as proposed by the rescarch field, such as a shift in focus to the
nature of mathematics knowledge for teaching and practice-based, inqui-
ry-oriented approaches to teacber development. 1 address the latter here
based on two of the papers.

Practice-based models of teacher learning are hased on the idea that
professional development needs to be strongly linked to the professional
practices of the teachers involved. The general view is that learning activi-
ties for the teachers should be purposefully connected to the curriculum
they are teaching, student learning or work in their classrooms, content sit-
uated in an environment that models effective teaching, pedagogy of their
classrooms, and a collaborative environment. Approaches that provide op-
portunities for teachers to explore important mathematical and pedagogi-
cal ideas that relate to their practice include teachers studying episodes of
their practice by creating and analyzing narratives of their teaching; analyz-
ing cases of sample teaching or problem situations; analyzing self-created
videos of their teaching or researcher-created videos; creating, teaching,
and analyzing experimental lessons during lesson study; and practicing
“noticing” {Mason, 2002).






Mathematics E  cation for the Twenty-First Century » 457
CONCLUSION

The ten articles in this section of the aughts present a vision of mathe-
malics education that is relevant to the twenlty-first century context. They
address learning for both students and teachers with implications for cur-
riculum and teaching. They illustrate the relevance of delta-K to our pro-
vincial mathematics education community as a vehicle to inspire changes
in our classrooms that will produce numerate twenty-first century citizens
{0 ensure our province’s ongoing prosperity, productivity, and workforce
participation.

Dr. Olive Chapman is Proflcssor of mathematics education and Associate Dean
of Undergraduate Programs Education in the Faculty of Education, Univer-
sity of Calgary, She is Editorsin-Chicl of the International Journal of Mathematics
Teacher Education. Her rescarch interests include prospective and practicing
mathematics teacher thinking, learning, and change; mathematics knowl-
edge for teaching; mathematical thinking, problem solving, problem pos-
ing, and contextual/word problems; inquirybased mathematics pedagogy,
and inquiry-based discourse to facilitate mathematical thinking. She teaches
mathematics education courses at the undergraduate and graduate levels and
supervises graduate students in mathematics education,
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