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Abstract: Mathematical literacy—the capacity to formulate, employ, and interpret
mathematics across a range of real-world contexts—has become a central objective of primary
education worldwide. This article reviews contemporary pedagogical approaches for cultivating this
competence in young learners. Drawing on recent empirical research and influential theoretical
frameworks, it examines problem-based and inquiry-oriented instruction, Realistic Mathematics
Education, the concrete—representational-abstract sequence supported by manipulatives, the
integration of digital technologies, formative assessment practices, and gamification. The review
argues that no single method is sufficient in isolation; rather, the effective development of
mathematical literacy depends on the principled combination of these approaches, adapted to
learners' developmental stage and grounded in teachers' pedagogical-content knowledge.
Implications for classroom practice and teacher preparation are discussed.
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1. Introduction

Over the past two decades, the goals of primary mathematics education have shifted decisively
from the rote mastery of computational procedures toward the cultivation of mathematical literacy.
International assessment frameworks define this construct as an individual's capacity to reason
mathematically and to formulate, employ, and interpret mathematics! in order to solve problems
situated in a variety of real-world contexts.

This reorientation rests on the recognition that young learners who can recite multiplication
facts do not necessarily understand when or why to apply them. A child who treats arithmetic as a
sequence of memorized rules is poorly equipped for the open-ended, context-rich problems that
characterize both later schooling and everyday life. Consequently, researchers and curriculum
designers have sought instructional methods that build conceptual understanding, flexible reasoning,
and a disposition to use mathematics purposefully from the earliest grades.

The present article surveys the contemporary methods that have gained empirical and
theoretical support for developing mathematical literacy in primary classrooms. It treats six broad
approaches—problem-based and inquiry instruction, Realistic Mathematics Education, the
concrete—representational—abstract sequence, digital technologies, formative assessment, and
gamification—before considering the conditions, particularly those concerning teachers, under
which these methods succeed.

! Organisation for Economic Co-operation and Development, PISA 2022 Assessment and Analytical Framework (Paris:
OECD Publishing, 2023), 23-27.
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2. Conceptualizing Mathematical Literacy in Primary Education

Mathematical literacy is best understood not as a fixed body of knowledge but as a functional
competence?. It encompasses number sense, the ability to recognize mathematical structure in non-
mathematical situations, fluency with representations, and the metacognitive habit of evaluating
whether an answer is reasonable. In the primary years, the foundational layer of this competence is
numeracy: a confident, flexible grasp of quantity, magnitude, and the relationships among
operations.

Theoretical accounts of how this competence develops draw heavily on constructivist and
socio-constructivist traditions. From this perspective, learners actively build mathematical meaning
by acting on problems and reconciling new experiences with existing schemas, rather than passively
receiving transmitted facts. Vygotskian theory adds that such construction is mediated by language,
tools, and guided interaction, locating the most productive learning within the zone of proximal
development®, where a child can succeed with appropriate support.

These frameworks carry a clear pedagogical implication: methods that engage children in
reasoning, communication, and the modelling of genuine situations are likely to cultivate literacy
more effectively than those emphasizing isolated procedural drill. The approaches reviewed below
share, to varying degrees, this constructivist commitment.

3. Contemporary Methods for Developing Mathematical Literacy

The methods discussed in this section do not constitute a menu of mutually exclusive
alternatives. Rather, they represent complementary instructional repertoires, each addressing a
distinct facet of literacy and each most powerful when integrated with the others.

3.1. Problem-Based and Inquiry-Oriented Instruction

Problem-based learning positions a rich, often non-routine problem at the centre of instruction,
requiring children to mathematize a situation* before any procedure is formally taught. Inquiry-
oriented teaching extends this stance by inviting learners to pose questions, test conjectures, and
justify their reasoning to peers. Both approaches treat struggle as productive: when children grapple
with a problem slightly beyond their current fluency, the subsequent explanation of an efficient
method is far more meaningful.

Meta-analytic evidence indicates that, when well-structured and adequately scaffolded, such
approaches improve conceptual understanding and problem-solving transfer without sacrificing
computational skill. The critical caveat is scaffolding; unguided discovery tends to overload young
learners' limited working memory® and can entrench misconceptions. Effective implementation
therefore balances open exploration with timely teacher guidance.

2 Mogens Niss and Tomas Hejgaard, "Mathematical Competencies Revisited," Educational Studies in Mathematics 102,
no. 1(2019): 9-28.

3 Lev S. Vygotsky, Mind in Society: The Development of Higher Psychological Processes (Cambridge, MA: Harvard
University Press, 1978), 84-91.

4 Cindy E. Hmelo-Silver, "Problem-Based Learning: What and How Do Students Learn?" Educational Psychology
Review 16, no. 3 (2004): 235-266.

3 Paul A. Kirschner, John Sweller, and Richard E. Clark, "Why Minimal Guidance During Instruction Does Not Work,"
Educational Psychologist 41, no. 2 (2006): 75-86.
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3.2. Realistic Mathematics Education

Realistic Mathematics Education, developed at the Freudenthal Institute, holds that
mathematics should be experienced by children as a human activity® of organizing and structuring
reality. Instruction begins with experientially real contexts—situations children can imagine and
reason about—and uses these as springboards for progressive mathematization. Informal, context-
bound strategies are gradually formalized into standard procedures, so that abstract symbols remain
anchored to meaning.

A signature feature of this approach is the use of models that bridge concrete and abstract
thinking, such as the empty number line for addition and subtraction. Empirical studies across
several school systems associate Realistic Mathematics Education with stronger conceptual
understanding and more flexible computation, particularly for learners who struggle under purely
procedural instruction.

3.3. The Concrete—Representational-Abstract Sequence and Manipulatives

The concrete-representational—abstract sequence operationalizes a long-standing insight from
developmental psychology: young children reason most securely when ideas are first embodied in
physical objects’. Learners initially manipulate tangible materials such as counters, base-ten blocks,
or fraction tiles; they then represent the same relationships in drawings or diagrams; and finally they
operate with abstract symbols alone.

The pedagogical value of manipulatives, however, is not automatic. Materials support learning
only when teachers make the mapping between the object and the mathematical idea explicit, and
when use of the manipulative is faded as understanding consolidates®. Without this intentionality,
children may become adept at handling the materials while failing to abstract the underlying
concept.

3.4. Integration of Digital Technologies

Digital tools have expanded the means available for developing mathematical literacy.
Dynamic visualization environments, virtual manipulatives, and adaptive practice platforms allow
children to explore mathematical relationships interactively and to receive immediate,
individualized feedback. Adaptive systems adjust task difficulty to each learner's demonstrated level,
sustaining an appropriate level of challenge and freeing teacher attention for those who need it most.

Evidence on technology is, nonetheless, conditional rather than uniformly positive. Gains
accrue when digital activities are pedagogically coherent and integrated with classroom discussion,
and they diminish when technology merely digitizes rote drill. The decisive factor is design quality”
and the teacher's orchestration of the tool, not the presence of the device itself.

3.5. Formative Assessment and Feedback

Formative assessment—the continuous elicitation and interpretation of evidence about learning
in order to adapt instruction—is among the most robustly supported levers for improving

¢ Hans Freudenthal, Revisiting Mathematics Education: China Lectures (Dordrecht: Kluwer Academic Publishers,
1991), 13-24.

7 Jerome S. Bruner, Toward a Theory of Instruction (Cambridge, MA: Harvard University Press, 1966), 10-21.

8 Nicole M. McNeil and Linda Jarvin, "When Theories Don't Add Up: Disentangling the Manipulatives Debate,"
Theory Into Practice 46, no. 4 (2007): 309-316.

9 Kathy E. Higgins, Robert Huscroft-D'Angelo, and Lindsay Crawford, "Effects of Technology in Mathematics on
Achievement, Motivation, and Attitude," Journal of Educational Computing Research 57, no. 2 (2019): 283-319.
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mathematical attainment!'®. In the primary mathematics classroom it takes the form of probing
questions, the analysis of children's errors as windows onto their reasoning, and feedback that
directs attention to the task and the strategy rather than to the child's ability.

Crucially, formative assessment positions error as information. A child's mistake reveals the
structure of their current understanding and points the teacher toward the next instructional step.
When learners are also taught to monitor and assess their own reasoning, the practice fosters the
self-regulation that mathematical literacy ultimately requires.

3.6. Gamification and Game-Based Learning

Game-based learning harnesses the motivational pull of play to sustain engagement with
mathematical content. Well-designed mathematical games embed practice within a goal-directed,
rule-governed activity, encouraging repeated reasoning and strategic thinking while reducing the
anxiety!! that arithmetic can provoke. Because positive affect and persistence are themselves
preconditions for literacy, the motivational contribution of games is pedagogically significant.

The benefit again depends on alignment. Games advance literacy when their mechanics are
intrinsically mathematical—when winning requires genuine reasoning rather than incidental
arithmetic between unrelated game actions. Superficial gamification that rewards speed alone may
reinforce precisely the procedural orientation that the broader literacy agenda seeks to move beyond.

4. Implementation Challenges and the Role of Teacher Competence

A recurring theme across the methods reviewed is that their effectiveness is contingent rather
than guaranteed. Each can succeed or fail depending on the quality of its enactment, and the
common mediating variable is the teacher. The pedagogical-content knowledge!? required to teach
for literacy—to anticipate children's misconceptions, select apt representations, and respond
productively to unexpected reasoning—is considerable and is not acquired automatically through
subject expertise alone.

This has two practical consequences. First, reforms that introduce new methods without
sustained professional development tend to disappoint, because teachers default to familiar
procedural routines under classroom pressure. Second, the integration of approaches—using
problems to generate the need for a concept, manipulatives to embody it, formative assessment to
track its development, and technology to individualize practice—demands a coherent instructional
vision that takes time and support to build.

Equity considerations sharpen these points. Children arrive at school with markedly different
mathematical experiences, and methods that assume a uniform starting point can widen rather than
narrow gaps. Responsive teaching, informed by formative evidence and grounded in high
expectations for all learners, is therefore central to any literacy-oriented programme.

5. Conclusion
Developing mathematical literacy in the primary years is the task of building a flexible,
meaning-centred competence rather than accumulating isolated procedures. The contemporary

10 paul Black and Dylan Wiliam, "Assessment and Classroom Learning," Assessment in Education: Principles, Policy
& Practice 5, no. 1 (1998): 7-74.

! Pieter Wouters et al., "A Meta-Analysis of the Cognitive and Motivational Effects of Serious Games," Journal of
Educational Psychology 105, no. 2 (2013): 249-265.

12 Lee S. Shulman, "Those Who Understand: Knowledge Growth in Teaching," Educational Researcher 15, no. 2
(1986): 4-14.
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methods examined here—problem-based and inquiry instruction, Realistic Mathematics Education,
the concrete-representational—-abstract sequence, digital technologies, formative assessment, and
game-based learning—each contribute a distinct strength to this enterprise.

The cumulative lesson of the research is that these approaches are most powerful in
combination and least powerful in isolation or in distorted, procedurally reduced forms. Their
shared dependence on skilled enactment places the teacher at the centre of reform. Investing in
teachers' pedagogical-content knowledge and in their capacity to integrate methods coherently is, on
the present evidence, the most reliable route to raising mathematical literacy in primary education.
Future research would profitably examine how these methods can be sequenced and combined
across a full curriculum, and how such integration can be sustained at scale.
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