Teaching and learning
mathematics at primary school

School resources

Mathematics is important in two ways, because:

1. it contains important skills and knowledge for participating in society as an adult, and

2. it serves as a gatekeeper for all sorts of opportunities in study and employment.

Young people need mathematics in order to live better lives'. Primary school mathematics is the
foundation of all later mathematics learning, again in two ways:

1. the concepts of early mathematics are the roots of later ideas, and

2. young people’s belief in their ability to do mathematics and their willingness to engage with
mathematics are shaped by their primary school mathematics learning experiences.

How should | choose what to do when | teach mathematics?

How we teach mathematics in primary schools matters a lot. Every day, primary school teachers have to
choose what mathematics they will teach, and how they will teach it. Each choice is significant, shaping
what mathematics students will engage with, how students will approach mathematics, and the feelings
that students develop about themselves and mathematics. All these factors make planning for, enacting
and evaluating mathematics teaching and learning time-consuming and challenging for teachers.

Historically, and in other jurisdictions and levels of schooling, this problem has been addressed by trying
to provide a comprehensive resource for teachers, such as a textbook or step-by-step handbook, that
‘teacherproofs’ the decision-making process by telling teachers what to do every step of the way. This
often has the effect of ‘learnerproofing’ the curriculum too, with the pace of teaching being the same for
everyone, and teachers ‘delivering’ what is needed in order to complete activities, with little participation
from students. A contrasting approach is when teachers are positioned as adaptive experts whose job is
to make evidence-informed choices about what students need, and then provide for them in a way that
makes the students interact deeply with mathematical ideas. Teaching this way may be worthwhile, but
it is not quick and easy — and it contains many challenges for primary school teachers. Teachers faced
with these challenges are often seeking a magic bullet solution: a book, internet resource, curriculum

or method that can support their choices and simplify the task of preparing mathematics lessons every
day of the school year. As part of the (very reasonable) quest for manageability, the complexities of both
mathematics and students can be sidelined.

Mathematical complexities

The first complexity that arises in teaching mathematics is defining what we mean by mathematics. This
may seem like an intellectual game, but actually it is fundamentally important to what we teach and how
to teach it. For example, if we define mathematics as a set of formal rules and procedures that must be
mastered so that they can be performed automatically, then we would teach certain things in a certain
way. If we define mathematics as a creative endeavour, we would teach different things in a different way.
Many of the debates about teaching mathematics stem from this source. They represent disagreements
about what mathematics should be learned and what successful mathematics learning looks like for
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primary-age children. Dichotomies of ‘basics versus problem solving’ or ‘mastery versus creativity’ can
make it easy to talk about some of the differences, but they can also work against effective teaching.
‘Either/or’ thinking in education ignores context and professional decision making, both of which are
central to effective teaching and learning.

The uncertainty with definitions is compounded by the nature of the mathematics that primary-age
children are expected to learn. Mathematics is an established body of knowledge and skills that has
been developed over millenia. Some believe this means that there is no room for discovery or creativity,
that ‘reinventing the wheel’ wastes precious time and is foolish considering the standard nature of
mathematics. Others think that children should explore the mathematics for themselves and rediscover
the patterns and principles that underly the body of knowledge, because then they will make it ‘theirs’ and
feel its importance and relevance. Distinctions are drawn between concepts and procedures, between
knowledge and strategy, between facts and processes. Again, these dichotomies are ways to make plain
the range of ways of thinking about mathematics teaching and learning, but they are rarely useful for
effective teaching and learning. Teachers have to find the way between these signposts that best serves
their students.

The final complexity arises from the fact that some mathematics is hard to teach and tricky to learn.
Whilst mathematics is for everyone, and everyone can learn mathematics, teachers and students may
still struggle with concepts along the way. There are key points where students and teachers often get
‘stuck’, and these key points have a significant impact on later mathematics: place value, multiplicative
thinking, fractions, decimals, ratios and proportions, and algebra. In choosing what to do when teaching
mathematics, it is necessary to understand these concepts, the best ways to represent them, and the
best ways to help students understand them.

Student complexities

Students are not a uniform group, as teachers well know. They vary in many ways, and whenever they are
in a learning situation they bring their full, complex selves to the task. When it comes to mathematics
learning, teachers’ thinking about students is influenced by several key ideas that have permeated
mathematics teaching over many decades. The ideas are so commonplace that we often do not
recognise them, nor recognise their implications.

The first of these is ‘readiness’. Teachers have first hand experience of this. Sometimes we try and try

to work on an idea with a child, and we just can’t seem to make headway. Later the penny drops and
suddenly they get it. What happened? Teachers often say they became ‘ready’ to learn. This idea derives
from Piaget’s ideas about learning progressing in clearly defined stages. Piaget's work has been hugely
influential in mathematics teaching because it focused on ideas that underpin mathematics (like whether
processes can be reversed, and whether the number of things in a group has changed) and it offered

a way to understand the long plateaus and the sudden jumps teachers saw in children’s mathematics
learning. The problem with the idea of ‘readiness’ is that it can stop teachers moving forward with
students. If they don’t seem to be ‘ready’ for something we might stop too long and wait.

The second pervasive idea is mathematics ‘ability’. Listen to any group of teachers chatting about their
class’'s mathematics learning and this idea will soon surface; within-class groupings are often referred

to as ‘ability’ groups. Teachers, and students too, can quickly identify who they think is ‘good at maths’
or ‘bright’ or ‘top’. As with the idea of readiness, the idea of ability persists because it seems so visible in
our mathematics classrooms. Some students pick up what is being taught quickly, and are able to apply
it and extend their knowledge readily. Others seem to struggle to understand the concept the teacher is
trying to explain. The problematic part is how quick teachers are to ascribe these differences to ‘ability’ —
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perceived as a fixed, internal thing that some children have and others do not, as opposed to something
that is changeable. Perhaps because mathematics has traditionally been seen as hard to learn and is
used as a gatekeeper, it is easy to fall in the trap of thinking ‘they are just not good at mathematics’ or
‘she’s just a maths whizz' to explain differences between students. Ability might be a ready explanation,
but it is not very helpful for teaching in ways that help all students progress. If teachers think some
people are more able at mathematics than others, then they may give them more advanced mathematics
to do, and withold the more advanced mathematics from those they think are less able. This seems like a
good way to meet students’ needs, but over time it restricts students’ opportunity to learn, perpetuating
the problem we are trying to solve. Teachers run the very real risk of underestimating students and
‘under-teaching’ them. However, looking at differences in pace of learning or amount of learning as being
to do with experience, engagement and opportunities means there is more room to move, and more
teachers can do to help. Saying ‘all children can learn mathematics’ is easy, but sincerely believing it is
hard. It goes against our own learning experiences in many cases. It seems to go against our experiences
as a teacher. However, really believing it, or at least teaching as though it is true until you have some
more evidence, will make a noticeable difference to students’ outcomes.

The third idea that permeates mathematics teaching, almost invisibly, is the idea of ‘learning trajectories’,
often presented as frameworks, lists, steps, stages and stairs that describe students’ progress from naive
to sophisticated ideas about mathematics. This idea has its origins in Piaget too, and was built on in the
1980s and 1990s when a key focus of mathematics education research was students’ ways of thinking.
Interviewing large numbers of young students revealed consistent patterns in their thinking, and how

it changed over time, especially in counting and addition and subtraction. Further exploration revealed
characteristics of ‘multiplicative’ and ‘proportional’ thinking, and common misconception patterns with
fractions and decimals in particular. This research demonstrated more clearly the types of thinking
students bring to learning mathematics at school, and it gave fascinating insight into what goes on in
children’s minds when they think about mathematics. What it did not do was suggest how mathematics
should be taught as a result of these insights.

One result of finding a ‘trajectory’ that children seem to progress along was the notion that all teachers
have to do is support the natural unfolding of students’ thinking. Another assumption was that this
trajectory operated like a set path or set of stairs, and therefore, until one thing is mastered, there can be
no other progress. These conclusions underpin the construction of our current mathematics curricula
that are based on learning trajectories. A third assumption was that if a clear and useful trajectory

for one aspect of mathematics exists (for example, the development of counting) then all elements of
mathematics can be described by trajectories. This assumption led to the invention of sequences and
steps and stages, applying similar ‘ladders’ for students to climb to all areas of mathematics (beyond
numeracy). Like many ideas in education, the core idea of learning trajectories in mathematics is sound,
both in terms of research (it has been repeatedly shown to be true in several domains) and practice (we
know from experience that students do hold common misconceptions that can be hard to get past).

But also like many ideas in education, stretching it too far leads to unintended consequences. Progress
may not be as linear as trajectories suggest; and it may be possible, or indeed important, to begin on

a new ‘ladder’ while still climbing a previous one (for example, beginning to understand grouping and
multiplication while still mastering addtion and subtraction). In addition, sticking closely to trajectories
may lead to missing powerful links amongst ideas that go ‘across’ ladders (for example, grouping in tens,
which underpins all four operations and metric measurement).

These three ideas - readiness, ability and trajectories — are all psychological in nature. They are about
students’ thinking and are metaphors that are used in education to explain how the brain works when
it learns mathematics. But cognition and psychology are not the only student complexities that impact
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primary mathematics teaching and learning. A range of social factors also impacts students’ progress
in mathematics.

Teachers are very familiar with the idea that engagement impacts whether or not learning occurs.
Engagement can be seen as a psychological idea, but it is also about social factors. Engagement is

in part determined by whether the students’ task is appropriate, but also by who the student is, what
they are bringing to the task, their attitudes towards mathematics (Hard? Boring? Not for people like
me?), their beliefs about mathematics (Is it learnable? Is it worthwhile?) and how they see themselves
as students and, particularly, as students of mathematics. An important idea that studies have

shown to impact students’ mathematics engagement and progress is mathematics learner identity.
Mathematics learner identity describes the relationships students form with mathematics and how
they see themselves as a learner of mathematics. The relationship develops through experiences of
learning mathematics, and it changes over time and in different contexts. How teachers choose to
present and assess mathematics in their classrooms contribute to students’ developing mathematics
identities. Forming positive relationships with mathematics in primary school is important for later
success in mathematics learning and students’ decisions to continue the subject later in secondary
school. This does not mean teachers need to make mathematics easy, nor disguise mathematics so
the students ‘don’t even know they are doing it'. What is means is that they need to deliberately help
students build a view of themselves as capable of learning mathematics, even if it is hard; and to value
learning mathematics, showing them the relevance it has in their lives. This has implications for what
mathematics is taught and how it is taught.

The authors would like to thank Ellen Benes and Megan Clune for their contribution to this guide.
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