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This paper introduces an Academic Numeracies Framework (‘Framework’),
designed to support the systematic embedding of academic numeracy across
tertiary institutions. The Framework responds to challenges in aligning stu-
dent numeracy with curricula and to the often-fragmented numeracy develop-
ment practices in universities. Distinctive features include its focus on tertiary
education, its purpose as a teaching and learning tool rather than an assessment
instrument, and its multidisciplinary applicability. These features make it an
ideal tool to facilitate numeracy embedding across universities. A key appli-
cation is the mapping of target, assumed and actual student numeracy, inform-
ing curriculum design and development, and learning-support initiatives. The
paper outlines the Framework’s conceptual foundations, describes its structure
and key features, and explains how feedback from first-year and pathway ac-
ademics, learning development staff and academic managers (educators) in-
formed its refinement. An illustrative application for the nursing discipline is
presented. The insights gained position the Framework as a timely and practi-
cal tool to guide educators seeking a structured approach to integrate numer-
acy development into courses, programs and initiatives.

Key Words: academic numeracy, academic numeracy framework, teaching
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1. Introduction

Academic numeracy is critical for success in many disciplines and the workplace. Yet, many
students fall short of numeracy expectations throughout their tertiary studies (e.g. Woolcott et al.
2021). This situation may be exacerbated by the diverse and evolving approaches to entry require-
ments employed by Australian universities, shaped by market pressures, widening participation
agendas, and institutional priorities. Many institutions have removed entry-level prerequisites and
rely instead on ATAR thresholds or assumed-knowledge statements. This, together with cohort
diversity and institutional approaches to learning support, results in highly-variable student pre-
paredness (Finkel et al., 2020; Office of the Chief Scientist & AMSI, 2020; hereafter OCS-
AMSI2020). Moreover, this variability occurs alongside recent policy requirements for higher
education providers to identify and support at-risk students (Parliament of the Commonwealth of
Australia, 2023; hereafter PCA23), placing renewed emphasis on understanding and addressing
students’ academic preparedness.

Against this backdrop, knowledge gaps are common, with many students requiring support with
basic mathematics across disciplines where contextualised mathematics is essential (Bell et al.,
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2020; Lefevre et al., 2017; OCS-AMSI2020). This includes paramedicine, nursing, and engineer-

ing where mathematical knowledge is applied in high-stakes situations (e.g. medication calcula-
tions). In these contexts, competency expectations can be 100% (Minty-Walker et al., 2024), often
exceeding the standards students have previously encountered. Therefore, in academic settings,
numeracy requires students to identify appropriate mathematics for a given context and apply it
competently and confidently (Bell et al., 2020; Lefevre et al., 2017).

To address issues of student preparedness effectively, it is essential to adopt a consistent approach
at the individual, course, program, and university levels to ensure students’ academic numeracy
aligns with curricular demands (Galligan, 2013a). This contrasts with common practices in ter-
tiary institutions, which often result in multiple, disconnected and ultimately ineffective academic
numeracy development initiatives. In our research, we have observed that support for students is
frequently fragmented, with staff working in isolation within disciplines, learning support units,
and institutions. This fragmentation can lead to duplication and pedagogical approaches shaped
by individual experience rather than a comprehensive understanding of the complex issues around
adult numeracy learning. Although the specific mathematics may differ, the underlying pedagog-
ical challenges and approaches are often similar. A shared Framework can enable collaboration,
reduce duplication and provide consistent tools to support students’ numeracy development
within their disciplinary context, ultimately improving student outcomes.

It is therefore important to define academic numeracy to distinguish it from related terms such as
general numeracy or school mathematics. A clear definition is essential for conceptual clarity and
for delineating the specific practices and competencies addressed in this research. While numer-
acy is often used in the sphere of general life skills, academic numeracy is more specifically
defined as the “capacity to confidently and competently use mathematics at university level, and
to be able to apply, interpret, critique and communicate mathematical concepts in particular dis-
ciplinary contexts” (Brady, 2017, p. 176). The term ‘quantitative literacy’ is often used inter-
changeably with numeracy and refers to “mathematics and statistics used in context” (Frith &
Prince, 2016, p.4). Moreover, while foundational mathematics skills may appear similar across
disciplines, each discipline has its own mathematics culture and unique characteristics, necessi-
tating an understanding of how mathematics is applied, contextually.

This paper proposes and conceptualises an Academic Numeracies Framework (‘Framework’), a
tool designed to support the systematic embedding of academic numeracy across tertiary institu-
tions, describing its key features and how they are useful to support numeracy development. This
conceptual paper is part of a broader research project aimed at developing a mature, tested and
trialled Framework. Framework development is, in turn, part of a comprehensive research pro-
gram that also includes an ongoing national audit of the current state of numeracy support nation-
ally (Rylands et al., 2025 and in preparation). The program, approved by the institution’s Human
Research Ethics Committee (Project ID: ETH2025-0438), adopts an action research (McAteer,
2013) and mixed methods (Creswell & Creswell, 2018) approach. As part of the Framework de-
velopment process, feedback was gathered via focus groups from first-year and pathway academ-
ics, learning development staff and academic managers (educators) from several regional Aus-
tralian tertiary institutions on the design and usefulness of the Framework, and insights were used
to refine the tool and inform future trials.

The proposed Framework provides a multidisciplinary tool for mapping academic numeracy
across diverse courses and programs. It is intended to support educators in making explicit the
relationship between mathematical content and its contextual application, rather than focussing
on the assessment or grading of students’ numeracy attainment. Unlike most existing discipline-
specific approaches, it enables the systematic embedding of numeracy at an institutional level (as
recommended by Galligan (2013a), supporting alignment and continuity in teaching and learning.
This makes the framework both distinctive and timely, particularly in light of recent policy re-
quirements (PCA23).
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We do not advocate for a national academic numeracy curriculum, but rather for a shared frame-
work that can enable collaboration, reduce duplication, and provide a tool to support students’
numeracy development within their disciplines, ultimately improving student outcomes. We also
acknowledge that fragmentation and duplication may offer benefits, including local adaptability,
and enhanced ownership and autonomy. The Framework is not intended to diminish these
strengths, but to provide a common foundation, structure and language that consolidates shared
principles and improves coherence, while still supporting discipline-specific contextualisation
and innovation (e.g. Murray & Nallaya, 2016).

The paper is organised as follows: Section 2 further discusses academic numeracy. Section 3
provides a literature review, including an overview of existing general and numeracy-focussed
frameworks relevant to this work. Section 4 _presents the elements and structure of the Academic
Numeracies Framework. Section 5_outlines focus-group feedback, highlighting the Framework’s
perceived benefits and suggested enhancements, and resulting refinements and clarifications. Sec-
tion 6 offers an illustrative application of the Framework focussed on the nursing discipline, and
Section 7 discusses the implications of this contribution, including for future research.

2. Academic numeracy

Academic numeracy comprises the elements of competence, confidence and critical awareness
(Galligan, 2013b). It is essential that educators (as defined here) appreciate that early integration
of these elements in the student numeracy journey can support success. In relation to students’
application of mathematical skills, students in diverse disciplines (e.g. engineering and nursing)
need to be competent, confident, and critically aware of the application and mathematics’ context,
and their own metacognition. These elements are described below.

e Competence, in the context of the discipline and/or intended profession. Widening access
to tertiary study has resulted in diverse student demographics (Faulkner et al., 2014) where
mathematical competency and experience can impact numeracy. Educators are aware that
poor mathematical capability can lead to high failure rates in those programs where math-
ematical computation and problem-solving skills are fundamental, such as engineering,
nursing, initial teacher education, paramedicine (Pettigrew et al., 2020) and many others.
Therefore, identifying the skills and knowledge required of students to enable them to
successfully apply mathematics in their disciplines is essential.

e Confidence, or numeric self-efficacy, “that provides engagement and persistence with nu-
meric tasks” (Peters et al., 2019, p. 19386). Lefevre et al. (2017) emphasise that low
confidence in numeracy creates a deleterious cycle of anxiety and reduced attention, which
compromises problem-solving and learning. Incomplete mastery of even basic numerical
skills can minimise acquisition of advanced conceptual knowledge and procedural skills,
further exacerbating learning challenges. Attaining sufficient confidence to apply
knowledge illustrates that numeracy is complex; it requires high levels of sophisticated
thinking and encompasses sociocultural aspects such as attitude, language, and culture,
making it multifaceted (Maguire & O’Donoghue, 2002).

e Critical Awareness, of the application and mathematics’ context, and of students’ own
mathematical knowledge and confidence. Each discipline brings different ways of under-
standing and applying mathematics, shaped by specific practices and expectations (Galli-
gan, 2013b). Steele and Kilic-Bahi (2008) examined the integration of numeracy into dif-
ferent academic disciplines, finding that embedding numeracy in coursework strengthened
students’ ability to apply mathematical concepts in diverse contexts. They also argued that
numeracy skills improved alongside students’ critical thinking and problem-solving abil-
ities. Madison and Dingman’s (2010) study explored students’ quantitative reasoning in a
tertiary course, showing that students’ learning is enmeshed in, and bound by, context.
Often what has been learnt cannot be adequately transferred or applied to other areas when
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disciplinary relevance is unclear (Nakakoji & Wilson, 2018, 2020). For example, students
may understand the foundational concepts of fractions and percentages, but applying them
in nursing, business or engineering, requires recognising underlying mathematical struc-
tures across contexts and mapping familiar concepts onto unfamiliar problems (e.g. Geiger
et al., 2014). Metacognition —encompassing metacognitive knowledge, regulation, and
self-awareness/monitoring— is therefore an important tool for students to utilise, and has
been shown to be a predictor of mathematical performance (e.g. Ma, 2024). Staff in aca-
demic pathways or development programs would be more effective if they understood
students’ metacognition of their mathematics skills and their perceptions of the mathemat-
ical demands of their studies, as well as the discipline discourse that accompanies skill
development for the learner (Galligan, 2013b; Shilo & Kramarski, 2019).

These three numeracy components are interrelated. Peters et al. (2019) concluded that high levels
of mathematical ability do not necessarily guarantee success in applying that ability. Both objec-
tive numeracy (the ability to perform the mathematics correctly, i.e. competence) and numeric
self-efficacy (i.e. confidence), which drives engagement and persistence, are crucial for realising
the benefits of numeracy. Conversely, in this study, “mismatched’ individuals” (both high confi-
dence paired with low competence, and high competence paired with low confidence) “experi-
enced the worst outcomes” (Peters et al., 2019, p. 1), even worse than having both low competence
and low confidence (see also Figs. 1 and 2 of that paper). Additional studies would provide valu-
able insight into the generality of this finding, including any impact of contextual features. Opti-
mal decision-making requires both adequate ability and balanced confidence to avoid negative
consequences. In the tertiary context, these qualities are likely to be best developed in supportive,
contextualised environments that provide learners with frequent opportunities to successfully ap-
ply their learning.

3. Review of existing general and numeracy-focussed frameworks relevant
to this work

3.1. General frameworks
3.1.1. Gradual Release of Responsibility Instructional Framework (GRRIF)

A relevant general framework is Fisher and Frey’s (2021) Gradual Release of Responsibility In-
structional Framework (GRRIF), first introduced by Pearson and Gallagher (1983). The GRRIF
is based on the idea that educators can intentionally drive a progressive shift in responsibility for
learning from educators to students. It considers four intentional phases to the mastery of content,
its application, and demonstration:

1. Focused Instruction

2. Guided Instruction

3. Collaborative Learning
4. Independent Learning.

The first two phases correspond to the ‘Teacher Responsibility’ side of the framework, driven by
the educator; whereas the latter two are the ‘Student Responsibility’ side, focussed on the student.
As students move from instructor-led delivery to joint responsibility and, ultimately, independent
learning (Pearson & Gallagher 1983), they demonstrate increasing capability and competence.
These phases do not need to occur in strict sequence, but it is important that students experience
all four stages to promote deep learning, especially when engaging with new knowledge and skill
sets. Depending on the content, its application and degree of difficulty, the cycle may unfold
within a single session or across a longer period, and it can be applied recursively. The GRRIF
also reflects aspects of Maguire and O’Donoghue’s (2002) Adult Numeracy Concept Continuum
of Development, where the learner demonstrates learning across levels of complexity from the
formative to the integrative. The Framework presented here broadly aligns with the GRRIF in the
proposed numeracy levels (Section 4.1.3).
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3.1.2. Transition Pedagogy Framework

The Transition Pedagogy Framework (Kift et al., 2010; Nelson et al., 2014) acknowledges that
university study can be transformative. However, the transition into university is often daunting
for students starting the journey, and for their instructors. Transition pedagogy embraces the com-
plex and multifaceted nature of university study through its structured curriculum-design ap-
proach that delivers contextualised and individualised learning and support (Kift et al, 2010).
Within this approach, Transition Pedagogy supports the use of a framework for numeracy devel-
opment as part of curriculum design and student engagement strategies (Nelson et al., 2014).

The Framework proposed in this work facilitates a guided approach to numeracy development
that recognises the diversity of undergraduate learners, including their backgrounds and prior ex-
periences that may impact success. Lisciandro et al. (2020) argue that students inhabit transition
spaces premised on what precedes university entry, such as aspirations built through schooling,
family expectations, and enabling programs, which in turn influence attitudes toward and confi-
dence with numeracy. These aspirations can persist in the undergraduate space, as students build
capability and understanding across contexts, including their perceived expectations and self-
awareness of mathematical ability and application. While incorporating numeracy development
early in coursework helps establish a strong foundation when transitioning students to discipline
requirements (Brady, 2017; Galligan, 2013a), the Framework is designed to support numeracy
development across the full program of study, extending beyond transition-focussed contexts.

3.2. Numeracy frameworks

While general frameworks are useful, a more focussed framework would better support the sys-
tematic embedding of academic numeracy and help formalise and incorporate the concepts of
competence, confidence and critical awareness into teaching and learning development initiatives.
Galligan et al. (2020) recommended the “continued exploration of frameworks that can assist in
deep understanding of mathematics”. Some numeracy frameworks exist in the literature (Table 1
shows a non-exhaustive summary). Some are intended to support learning and teaching, while
others function as assessment tools. Frameworks may target students at different educational lev-
els or the broader population, and may be discipline-specific (e.g. health, engineering), or tailored
to particular groups, such as patients.

Across these frameworks, there is substantial variation in how mathematical content, problem-
solving processes and progression are conceptualised. Most Frameworks are context sensitive,
and explicitly include relevant mathematical content or subject areas. In contrast, the Association
of American Colleges and Universities (AAC&U) framework — designed to evaluate authentic
student work — and its adaptation by Boersma et al. (2011), focus on competencies, while Niss
and Hejgaard’s (2011) framework and OECD instruments include both competencies and content.
The stages of mathematical problem solving (Polya, 1957) are not typically treated as a separate
dimension, except for the OECD (2013, 2017) tools. Frameworks also differ in their treatment of
progression: AAC&U, ACARA, OECD, Hoogland et al. (2020) and Boersma et al. (2020) specify
proficiency or progression levels, whereas Niss and Hejgaard (2011) characterise competency
along three dimensions: degree of coverage (relevant aspects mastered), radius of action (breadth
of applicable contexts), and fechnical level (sophistication of use). Their approach highlights the
need for progression to be interpreted flexibly and contextually, and informs the design of the
Academic Numeracies Framework.
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Table 1. Numeracy Frameworks.

Target Purpose
Assessment Tools Learning & Teaching Tools
Students
Primary ACARA (2017), Clarke et al., ES (2016), Hogan (2000), Quin-

(2009), Niss & Hgjgaard (2011). nell (2016), Stack et al., (2010)

Secondary ACARA (2017), Callingham & ES (2016), Goos et al., (2014), Ho-
Griffin (2009), Niss & Hgjgaard gan (2000).
(2011), OECD (2013, 2017,
2023), Scott (2016, biology).

Tertiary AAC&U (2025); Boersma, Die- Hadley & Oyetunji (2022, Engi-
fenderfer, Dingman, and Madison  neering), Lipkus & Peters (2009,
(2011); Dalim et al., (2023), , Niss  health).
& Hgjgaard (2011, introductory

post secondary)
Enabling Mann (2022)
Population
General Gal et al., (2005), Golbeck et al.,

(2005, health), Hoogland, Diez-Pal-
omar and O’Meara (2020), OECD
(2009, 2012), Tout et al., (2017).

Specific Groups Schapira et al., (2008, patients).

4. Academic Numeracies Framework

This section introduces the Academic Numeracies Framework, a tool designed to facilitate the
systematic embedding of numeracies in tertiary education. While transition pedagogy offers val-
uable, broad principles for supporting student transition and success, the Academic Numeracies
Framework provides a more specific tool that aligns with these principles and is designed to in-
form curriculum design, support the mapping of students’ assumed, target and actual numeracies,
and guide the design of numeracy intervention initiatives. Its utilisation can raise awareness of
the need to scaffold students through the application of mathematical content and, thereby,
strengthen the numeracy development required in specific situations or disciplines.

An online copy of the Framework is available and is open licensed. It is also presented in Section
4.2. Its key components (Sections 4.1.1 to 4.1.4) are:

1. Mathematical Processes,

2. Mathematical Competencies,

3. Numeracy Levels and

4. (Proficiency) Descriptors.
It is structured around two tables (Section 4.2): Table 2 maps the relationship between mathemat-
ical processes and competencies to show how these capabilities contribute to problem solving,
and Table 3 outlines what students should be able to demonstrate as their numeracy develops.

Together, these tables are intended to support educators in identifying relevant numeracy capa-
bilities and informing appropriate proficiency expectations.

The Framework draws on Niss and Hgjgaard (2011), the Programme for International Student
Assessment (PISA) 2015 Assessment and Analytical Framework (OECD, 2017), and the GRRIF
(Fisher & Frey, 2021) for the numeracy levels, mathematical processes, and competencies. PISA
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has significantly influenced the mathematical literacy discourse via its focus on real-world situa-
tions as key indicators of readiness for real-life challenges, and promoting the integration of ap-
plications, contexts and processes in national curricula (Kadijevich et al. 2023, Kappassova et al.,
2025). The most recent PISA Mathematics Framework (OECD, 2023) places a stronger emphasis
on mathematical reasoning, which partially overlaps with problem solving. In our Framework,
mathematical reasoning is integrated within the competencies as they are applied throughout the
problem-solving process, an approach that reflects the more specific demands of tertiary educa-
tion. While the PISA Framework situates problems across broad life domains and organises math-
ematical content into curriculum-based categories, the Framework presented here remains multi-
disciplinary and intentionally avoids prescribing mathematical content.

The Framework complements the literature because, unlike similar tools in Table 1, it is not dis-
cipline-specific but is conceived as a multidisciplinary tool that can be applied to map academic
numeracy across diverse courses, programs, and initiatives. This makes it well suited to support
the systematic embedding of academic numeracy across tertiary institutions, facilitating align-
ment and continuity of efforts across these different domains. Its multidisciplinary character is
achieved by focussing on foundational numeracy competencies that are relevant across discipli-
nary boundaries, while recognising disciplinary context as an integral element of numeracy (Sec-
tion 2). Rather than specifying content or applications as done by many of the tools in the table,
the Framework is designed to incorporate the distinction between the learning of mathematics’
topics and the ability to apply them in disciplinary contexts, while entrusting specific contextual-
isation to educators, who are best placed to embed discipline-specific details into their courses or
initiatives, to best support student learning. The AAC&U framework is perhaps the closest to the
Academic Numeracies Framework. However, by explicitly distinguishing between mathematical
processes and competencies (see Sections 4.1.1 and 4.1.2 below), the proposed Framework pro-
vides a clearer structure that is especially useful as an instructional tool.

The Framework also addresses the challenge of deployment at scale. Programs designed for micro
settings, such as a single class or course, often fail to consider the complexity of scaling to larger,
diverse educational settings; a key reason for their failure (Robinson et al., 2020). The Frame-
work, however, provides a simple, inexpensive, and comprehensive way in which to embed com-
petencies at scale.

4.1. Elements of the Academic Numeracies Framework

The Academic Numeracies Framework incorporates the following elements.

4.1.1. Mathematical processes

These are the processes that learners typically follow when engaging with a contextualised math-
ematical problem to arrive at a meaningful solution (namely, problem formulation, problem solv-
ing and interpretation or evaluation of the solution), and are active areas of research in mathemat-
ics education (e.g. Santos-Trigo 2024; Toh et al, 2023). They are described below.

Problem formulation

This stage involves translating a contextualised problem into the mathematics domain, producing
a problem with appropriate mathematical structure and detail to be solved using mathematical
procedures and tools. Typical tasks include:

e Understanding, stating and discussing the problem; identifying the question/s being asked
and forming a mental model of the problem.

e Adopting appropriate simplifications and assumptions to arrive at a mathematical model
of the problem.

e Understanding different representations of the problem.

o Justifying the problem formulation, adopted assumptions and / or simplifications.
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e Planning how to approach the problem; choosing an appropriate method.
e Expressing the problem using mathematical notation.
o Identifying relevant tools to engage with the problem; using tools to determine information
to help formulate the problem.
Problem solving

This stage involves applying mathematical concepts, procedures and reasoning to conduct com-
putations or manipulations to find the solution of a mathematically expressed problem. Typical
activities include:

e Explaining the method being employed, problem-solving steps and intermediate results.

e Making context-informed decisions to guide the solution process (e.g. appropriate simpli-
fications, level of accuracy, parameter values).

e Identifying and using appropriate representations to extract information and advance the
solution; changing representations as needed.

e Following logical steps to connect stages of the solution; checking for consistency and
validity; justifying the process.

e Devising strategies to perform each of the steps required to advance the solution.

e Understanding and using mathematical rules, methods and procedures to carry out the so-
lution; correctly manipulating the mathematical constructs.

e Using relevant mathematical tools or technology to perform calculations, generate tables
or graphs, or simulate outcomes.

Interpretation and evaluation of the solution

This stage focusses on understanding and reflecting on the solution, interpreting it and judging
whether it is valid and reasonable in the context of the mathematics topic or the real-world appli-
cation. Typical tasks include:

e Explaining the results in plain language, including their implications and limitations.

e Linking the mathematical solution back to the original contextualised problem; assessing
the limitations and validity of the solution.

e Interpreting the results within the chosen representation; converting the solution to another
representation to aid understanding and communication.

e Evaluating the reasonableness of the solution and the adopted solving strategy; comparing
with alternative methods and arguing for validity.

e Devising strategies to interpret and evaluate the solution; considering alternative ap-
proaches.

e Translating the symbolic or numerical results back into words or practical meaning.

e Using tools to test plausibility, check accuracy and present results in accessible formats.

Importantly, these processes draw on distinct abilities: a learner may be able to formulate a prob-
lem but not solve it, or solve a posed problem while struggling to formulate it (Niss & Hgjgaard,
2011).

The above elaboration demonstrates that each problem-solving process —formulation, solving and
interpretation— draws on multiple competencies. For example, communication is essential to un-
derstand and present the problem (formulation), explain the step-by-step process (solving), and
articulate the solution (interpretation). Similarly, the typical tasks under each process refer to a
range of competencies (e.g. communication, mathematical representation, reasoning, devising
solving strategies, and using mathematical language and operations). These competencies are
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relevant across problem solving, but may manifest differently on each stage. The Framework
maps the competencies against each of the problem-solving processes.

4.1.2. Mathematical competencies

Mathematical competencies are cognitive capabilities that learners use when working through the
mathematical processes of problem-solving and, more broadly, to reason mathematically and en-
gage with mathematical information. Hejgaard (2009, p. 226) defines the term as “someone’s
insightful readiness to act in response to a certain kind of mathematical challenge of a given situ-
ation”, with the following characteristics:

e Action-oriented. Competencies must be able to be enacted, as insight or knowledge trans-
lates to competency when it can be activated in action. Actions may include taking specific
steps, deciding not to act, or being indirectly guided by one’s insights when responding to
a situation.

e  Domain-specific, but not bound to specific methods or tasks. Competencies are developed
within domains or spheres of use, framed by the wider context of the situation.

e Subjective. Competencies are not independent entities; they belong to individuals and re-
flect their personal abilities.

o Socially and culturally situated, as their relevance and legitimacy depend on what a com-
munity or context recognises as a competent action.

We adopt here the competencies considered by the PISA 2015 Assessment and Analytical Frame-
work (OECD, 2017), in turn based on the work of Niss (2003) and Niss and Hejgaard (2011).
These are described below.

Communication

This competency refers to the ability to understand and interpret questions, tasks, data and infor-
mation (e.g. oral, written or visual), as well as to convey arguments and ideas about mathematical
situations appropriately, using different representations and addressing different audiences. In the
context of problem solving, it is essential to form a mental model of the problem, explain the steps
followed to obtain the solution, and present and justify the adopted mathematical procedure and
the solution itself. The communication competency is closely linked to the competencies of rep-
resentation and using mathematical symbols, which support the effective communication of both
the problem and its solution.

Mathematising

This competency refers to transforming real-world or contextualised information into mathemat-
ics, including to formulate the problem, guide the solving process, and assess the limitations and
validity of the solution. The scope also includes ‘de-mathematising’, or relating the result back to
the original, contextualised problem.

It is important to distinguish between the process of formulating the problem and the competency
of mathematising. Although related, as both involve translating contextualised information into
mathematics, they are conceptually different. The formulation process encompasses the broader
set of activities culminating in the definition of the problem within a mathematical framework,
which draws on all the competencies. In contrast, the mathematising competency refers specifi-
cally to the capability of constructing and working on the mathematical model itself, which ap-
plies to all the mathematical processes, for example expressing the problem using mathematical
constructs during formulation, making decisions to constrain and guide the solution process when
solving, and assessing the domain of validity of the solution when interpreting.

Representation

This competency refers to the ability to engage with different representations of mathematical
information, such as graphs, tables, diagrams, equations or formulas, and text. It involves
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understanding, using and manipulating these representations to understand the problem, advance
the solution, and present results. It also includes the ability to choose between representations,
switching flexibly among them and understanding how they are related, including choosing ap-
propriate representations to convey meaning to different audiences.

Reasoning and argument

This competency involves the ability to follow and critically assess mathematical reasoning (both
one’s own and that of others) to evaluate and justify the formulation of a problem, the adopted
solving procedure, and the resulting solution, including its validity within the given context. The
key goal is to develop confidence in the validity and soundness of the problem-solving process
undertaken.

Devising strategies

This competency involves the ability to determine or select an appropriate plan or course of action
to tackle problems, including using mathematics to formulate a problem in the appropriate con-
text, guide its solution process, and interpreting and evaluate the obtained result.

Using mathematical symbols, expressions, operations and rules

This competency involves the ability to code and decode mathematical symbolic and formal lan-
guage (i.e., converting natural language into mathematical language and vice versa). It also re-
quires understanding and applying mathematical conventions, definitions and rules to manipulate
mathematical expressions as needed to formulate, solve and interpret the solution of a problem.
While closely related to the representation competency (e.g. via formulas or equations), this com-
petency focusses on the formal mathematical meaning of symbols and expressions, as well as the
rules for correctly manipulating them.

Using mathematical tools

This competency involves being aware of the different tools available to conduct mathematical
work (e.g. measuring instruments, calculators, computer-based and representation tools such as
logarithmic paper, and newer applications including Al), understanding their applications and
limitations, and using them appropriately to assist with problem-solving and communication.

The next section considers the demonstrations of proficiency (numeracy levels), expected of a
student across the Framework’s mathematical competencies.

4.1.3. Numeracy levels

This element of the Framework considers the demonstrations of proficiency for each competency.
Proficiency may refer to the target numeracy set by courses, programs or initiatives; the assumed
numeracy of students entering them; or the actual numeracy demonstrated by students. While the
Framework is not designed as an assessment tool, students’ numeracy levels could be inferred
through analysis of prior coursework, submitted assessments, or other evidence, to inform teach-
ing and support strategies.

The Framework defines four numeracy levels. As students become more numerate, their profi-
ciency increases enabling them to solve increasingly complex, and/or applied problems more in-
dependently. The numeracy levels draw inspiration from the GRRIF and the competency dimen-
sions proposed by Niss and Hgjgaard (2011). They are characterised by these domains:

e Contextual domain, progressing from the capability to tackle problems within specific
mathematical topics — where contextual information primarily support this goal — to solv-
ing discipline-applied problems.

e Support domain, indicating the level of scaffolding required to build numeracy, ranging
from significant to minimal or no scaffolding, where students can independently develop
and apply numeracy skills.
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e Technical domain, the increasing level of sophistication in the application of mathemati-
cal competencies, from limited to expert application.

The numeracy levels proposed here incorporate these domains, and are specified as follows.

Numeracy Level 1 — Foundational: Students require significant scaffolding to develop basic
numeracy skills and knowledge within a mathematics topic area.

Numeracy Level 2 — Developing: Students require limited scaffolding to develop sound nu-
meracy skills and knowledge within a mathematics topic area.

Numeracy Level 3 — Applied: Students require some scaffolding to develop sound numeracy
skills and knowledge within a discipline.

Numeracy Level 4 — Independent: Students independently develop and apply sophisticated
numeracy skills and knowledge within a discipline.

4.1.4. Descriptor

The final element of the Framework is a brief descriptor, which summarises the mathematical profi-
ciency shown by students for each competency and numeracy level. The descriptor text is broadly
organised so that it specifies the actions students need to demonstrate, the target of these actions, the
purpose or outcome that is sought, as well as any qualifying information. The descriptors offer a con-
venient way to map the target, assumed and actual numeracies of students and inform the design,
development, and implementation of initiatives to embed numeracies in the curriculum.

At first glance, the Framework tables could be seen as rubrics. However, the GRRIF, upon which the
Framework's numeracy levels are based, is an instructional model which progresses learning respon-
sibility from the teacher to that of the student through ‘stages’ of instruction. It emphasises the im-
portance of scaffolding in supporting the student to build mastery and to successfully apply knowledge,
skills and conceptual understandings, independent of the educator (Eide et al, 2025). The GRRIF is
non-linear and can be extended or revisited at any stage to ensure student understanding. The Frame-
work, therefore, is a deliberate attempt at managing student learning across time (including the hand-
over of responsibility for learning from the educator/institution to the learner), in a somewhat discur-
sive and iterative way to the end point; mastery or independence. A rubric, on the other hand, can
have a variety of functions — with the most obvious being to bring about consistency of grading — and
generally describe the requirements and expectations of an assignment by providing “assessment cri-
teria, a grading strategy, and standards/quality definitions” (Panadero et al., 2014, p. 135). The Frame-
work provides a tool for educators to ‘map’ their mathematical content to the application of that content
(numeracy) but does not assume to grade students in relation to the competencies and proficiency
levels.

4.2. Structure of the Framework

The Academic Numeracies Framework organises the numeracy elements discussed in the previous
section as presented below. The Framework comprises two pages:

o Page 1 (Table 2): A table that summarises the relationship between mathematical processes
and competencies, highlighting the typical capabilities associated with each competency as
they contribute to advancing the problem-solving process. This table provides educators with
a structured way to consider the range of capabilities involved in developing numeracy.

e Page 2 (Table 3): A table that outlines the descriptors for each competency and numeracy
level, summarising what students must be able to demonstrate at each level. This table supports
educators in planning for appropriate levels of complexity and scaffolding in their teaching.

The Academic Numeracies Framework, presented as Tables 2 and 3, provides educators with a prac-
tical and structured tool to facilitate the systematic embedding of numeracy within curricula and learn-
ing developing initiatives.
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Table 2. Academic Numeracies Framework — Mathematical competencies by mathematical processes.!

Understand and convey information
about mathematical and numerical con-
tent and concepls in various ways

Identify the question/s being asked
Form a mental model of the problem
Discuss the problem with others

- Explain the steps taken while solving
- Explain intermediate results

Academic Formulating Solving Interpreting
Numeracies Framework (translating to a mathematical problem) (applying mathematical procedures) (judging validity and meaning of the solution)
Communication - Clearly understand and state the problem in words - Explain the chosen method - Explain the meaning of the obtained result

Present results in plain language
Communicate limitations and implications of the solution.

Mathematising

Students ethically transform a real-world
problem into a mathematical problem,
identifying assumptions, context, and the
limitations of the solution.

Translate a real-world situation into mathematics, arriving at a
mathematical model of the problem

Express problem using mathematical constructs and concepts
Identify constraints and assumptions derived from the adopted
mathematical model

Adopt appropriate simplifications, so the problem can be
solved

- Make context-informed decisions to guide the solution process
(e.g. simplifications, level of accuracy, values of modelling pa-
rameters).

Link the obtained mathematical solution back to the original
context
Assess the limitations and domain of validity of the solution

Representation

Students ethically generate, use and in-
terpret mathematical representations rel-
evant to a problem or situation

Choose how best to represent the problem (e.g. diagram, graph,
table, algebraic forms)
Understand different representations of the problem

Use appropriate representations to extract information and ad-
vance the solution

Make use of different representations as appropriate to advance
the solution

Translate results to alternative representation to aid understand-
ing and communication.
Use different representations to assist with interpretation

Reasoning and Argument

Students convincingly and ethically ex-
plain, defend, and justify selected repre-
sentations, solving process and obtained
solutions.

Justify the problem formulation, adopted assumptions and sim-
plifications

Follow logical steps that connect one stage of the solution to
the next

Check for consistency and validity of the intermediate results
Justify the employed solution process

Evaluate the plausibility of the solution
Reflect on the effectiveness of the chosen strategy
Compare with alternative methods and argue for validity.

Devising Strategies

Students ethically select, devise or de-
velop a plan or strategy to solve mathe-
matical problems.

Plan how to approach the problem (e.g., break it into parts,
choose appropriate methods for each one)

Plan, select and adapt appropriate pathways to advance the
problem-solving process

Plan approaches to interpret and evaluate the solution
Identify possible refinements or alternative approaches.

Using symbolic language and
operations

Students understand, interpret, ethically
manipulate, and make use of suitable
variables, symbols, expressions, and op-
erations, or rules to solve mathematical
problems.

Express the problem using mathematical notation (symbols,
formulas, expressions)

Understand appropriate mathematical rules, methods, and defi-
nitions needed to carry out the solution

Correctly manipulate mathematical symbols, expressions, for-
mulas, and data to progress towards the solution

Translate mathematical results back into words or practical
meaning

Using mathematical tools

Students use appropriate mathematical
tools, such as calculators, computer-
based tools, and geometry tools, to ethi-
cally carry out mathematical procedures.

Identify useful tools (e.g., calculator, spreadsheet, software) to
use

Use appropriate tools to determine or uncover information to
formulate the problem

Utilise relevant mathematical tools accurately to perform calcu-
lations, generate graphs/tables, or simulate outcomes

Use tools to test plausibility, check accuracy, and present re-
sults in accessible formats.

! The Academic Numeracies Framework by the University of Southern Queensland is licensed under a Creative Commons Attribution-NonCommercial 4.0 International Licence,
except where otherwise noted. Additionally, permission has been sought for the following content, which is specifically excluded from the Creative Commons Attribution Non-
Commercial 4.0 International licence of this work, and may not be reproduced under any circumstances without the express written permission of the copyright holders: OECD (2017)
PISA 2015 Mathematics Framework. In PISA 2015 Assessment and Analytical Framework: Science, Reading, Mathematic, Financial Literacy and Col-laborative Problem Solving
(pp. 6580). OECD Publishing, Paris. https://doi.org/10.1787/9789264281820-5-en
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Table 3. Academic Numeracies Framework - Mathematical competencies by numeracy levels.

Academic
Numeracies Framework

Foundational
Students require significant scaffolding to
develop numeracy skills and knowledge
within a topic area.

Developing
Students require limited scaffolding to de-
velop numeracy skills and knowledge
within a topic area.

Applied
Students require some scaffolding to de-
velop numeracy skills and knowledge
within a discipline.

Independent
Students independently seek out and de-
velop numeracy skills and knowledge
within a discipline.

Communication

Understand and convey information about mathe-
matical and numerical content and concepts in var-
ious ways

Students understand, organise, infer di-
rectly, interpret literally and convey infor-
mation from limited sources, following
explicit instructions.

Students use simple reasoning to identify,
extract, organise, understand and interpret
information from various sources, to
build a simple model and convey results.

Students use sound reasoning to identify,
extract, organise, understand and interpret
information from relevant sources, to
build an applied model and convey re-
sults.

Students confidently identify, extract, or-
ganise, understand and interpret infor-
mation using complex strategies to build
advanced, applied models and convey re-
sults.

Mathematising

Students ethically transform a real-world problem
into a mathematical problem, identifying assump-
tions, context, and the limitations of the solution.

Students develop and evaluate simple
models of basic problems, using limited
knowledge.

Students develop and evaluate models to
analyse and solve a range of problems,
using sound knowledge.

Students develop, analyse, synthesise and
evaluate models for applied situations.

Students confidently develop, analyse,
synthesise and evaluate models for com-
plex, applied situations and new contexts.

Representation

Students ethically generate, use and interpret
mathematical representations relevant to a prob-
lem or situation

Students create, understand, use and inter-
pret basic mathematical representations
from limited sources.

Students create, understand, use and inter-
pret simple mathematical representations
from various sources.

Students create, understand, use, inte-
grate, compare and interpret mathemati-
cal representations from diverse sources
relevant to their disciplines.

Students independently create, under-
stand, use, integrate, compare and inter-
pret complex mathematical representa-
tions relevant to their disciplines.

Reasoning and Argument

Students convincingly and ethically explain, de-
fend, and justify selected representations, solving
process and obtained solutions.

Students provide limited explanations and
justifications to formulate a problem,
solve and validate solution strategies.

Students provide comprehensive explana-
tions and justifications to formulate a
problem, solve and validate solution strat-
egies.

Students provide well-developed explana-
tions, justifications and insights to formu-
late an applied problem, solve and vali-
date solution strategies.

Students provide well-developed explana-
tions, justifications and insights to formu-
late complex applied problem, solve and
validate solution strategies.

Devising Strategies
Students ethically select, devise or develop a plan
or strategy to solve mathematical problems.

Students select and apply simple strate-
gies to solve basic problems.

Students select and apply sound strategies
to solve diverse problems.

Students select, compare, evaluate and
apply sound strategies to solve applied
problems.

Students select, compare, evaluate and
adapt sound and novel strategies to solve
complex, applied problems.

Using symbolic language and

operations

Students understand, interpret, ethically manipu-
late, and make use of suitable variables, symbols,
expressions, and operations, or rules to solve
mathematical problems.

Students recognise and understand sym-
bolic expressions, technical language, op-
erations and rules; and follow instructions
to solve simple problems via basic proce-
dures.

Students recognise and understand sym-
bolic expressions, technical language, op-
erations and rules; and solve diverse
problems via sound procedures.

Students understand and interpret sym-
bolic expressions, technical language, op-
erations and rules; and solve applied
problems via sound procedures.

Students understand, interpret and confi-
dently use advanced symbolic expres-
sions, technical language, operations and
rules; and solve applied problems via
complex procedures.

Using mathematical tools

Students use appropriate mathematical tools, such
as calculators, computer-based tools, and geome-

try tools, to ethically carry out mathematical pro-

cedures.

Students use mathematical tools to carry
out simple procedures to solve problems.

Students use mathematical tools to carry
out a range of procedures to solve prob-
lems.

Students use mathematical tools to carry
out a range of procedures to solve applied
problems.

Students confidently use a range of math-
ematical tools to carry out complex pro-
cedures to solve applied problems




34

Academic Numeracies Framework

5. Focus-group feedback — lllustrative evidence

We conducted three focus-group sessions with educators from regional Australian universities to
gather preliminary feedback on the proposed Framework (Howarth et al., 2025). The purpose was
not empirical validation, but to inform its conceptual development by identifying potential en-
hancements and perceived value; formal validation will be undertaken in a future trial. The fol-
lowing sections summarise suggested enhancements and resulting changes or clarifications (Sec-
tion 5.1), and present key perceived benefits (Section 5.2).

5.1. Framework enhancements

1.

Student version. Participants suggested developing a student version of the Framework
to give learners visibility of targeted competencies and allow them to monitor their pro-
gress. This would increase transparency, facilitate student-educator dialogue, and provide
students with clearer insights into their learning journey and expectations as they progress.
In turn, this may help alleviate maths anxiety in some learners. A student version is un-
derway and will be presented separately.

Wording of numeracy descriptors. One participant suggested explicitly referencing ‘as-
sumptions’, ‘predictions’ and ‘intuition’ in the descriptors, to reflect skills valued in ter-
tiary studies and professional practice. While these terms do not always appear verbatim,
their intent is incorporated into the Framework mathematical competencies-by-processes
table (Table 2). For example:

a. Mathematising: ‘Identify constraints and assumptions derived from the adopted math-
ematical model’ (Formulation).

b. Reasoning and argument: ‘Justify the problem formulation, adopted assumptions and
simplifications’ (Formulation); ‘Evaluate the plausibility of the solution’ (Interpreta-
tion).

Competency levels and independent performance. A participant queried why independ-
ent performance is only associated with disciplinary contexts (Numeracy Level 4 — Inde-
pendent) and not with competency within mathematical topics (Numeracy Levels 1 and 2,
Foundational and Developing, respectively). The Framework aligns its numeracy levels
with the GRRIF (Fisher & Frey, 2021), which progresses from instructor guidance to in-
dependent mastery (Section 3.1.1). While Numeracy Level 2 focusses on developing pro-
cedural fluency, Numeracy Level 4 emphasises flexible application, synthesis, and con-
textual problem-solving, critical elements of independent performance that extend beyond
rote learning.

Contextual information. Participants highlighted the usefulness of disciplinary context
and how it is incorporated into the Framework. Contextual awareness is a key numeracy
element (Galligan, 2003b), and disciplinary context is explicitly part of the expected per-
formance at Numeracy Level 3 and 4 of the Framework. As the Framework is designed as
a multidisciplinary tool, discipline-specific contextual information is intended to be incor-
porated by users.

Illustrative examples, guidelines and workshops on using the Framework. Feedback
highlighted the value of these resources to promote Framework adoption. An illustrative
application is presented here, with additional materials and workshops planned as part of
the upcoming trial. The authors will also seek opportunities to conduct both internal and
external workshops to facilitate implementation of the Framework and obtain feedback to
further refine it.

Intended cohorts. Participants suggested to explicitly state that the Framework is in-
tended for all student cohorts, and that it works equally for students regardless of their
socioeconomic status and background. The Framework functions as an instructional and
pedagogical model, providing educators with a structured approach to design learning ex-
periences, reflect on and compare their approaches with prior practices, and identify
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demonstrations of student numeracy. It is intended to facilitate targeted numeracy instruc-
tion for all students, regardless of study mode (online/on-campus), type of enrolment (full-
time/part-time), academic level, socio-economic background, equity status, and other fac-
tors.

5.2. Potential Framework benefits
1. Structure for teaching and learning, by formalising the identification of students’ numer-
acy needs, facilitating conversations among educators, guiding curriculum changes and
the development of course materials, supporting individualised learning and promoting
innovation.

2. Multidisciplinary applicability, enabling use across units and disciplines, including foun-
dational courses that feed to different disciplines (e.g. nursing, engineering, education).

3. Support for addressing maths anxiety, by giving students a clearer sense of progression
and helping educators who may become anxious when teaching.

4. Transparency and clarity, making explicit the skills students are expected to learn at each
stage of their journey and how these connect to future learning.

5. Comprehensive scope, encompassing the wide range of elements relevant for academic
numeracy.

This feedback reinforced the Framework’s potential as a valuable tool for systematically embed-
ding academic numeracy across tertiary education.

6. lllustrative application

This section presents a practical application of the Framework through an illustrative example
drawn from a typical university-level nursing course. Consistent with the paper conceptual focus,
the example reflects common curriculum requirements rather than a specific course.

The course learning objective considered is “Accurately perform calculations of oral and injected
medication dosages”. Three sets of numeracies are relevant for achieving this objective:

o Target numeracy, corresponding to the applied mathematical skills taught within the
course. For this illustration, these would typically include reading medication charts, med-
icine labels and equipment instructions, calculating drip rates, and the volume of oral or
injected medication, reconstituting medications, determining the required number of cap-
sules or tablets, and applying clinically-appropriate rounding conventions (e.g. rounding
syringe measurements to appropriate accuracy).

e Assumed numeracy, reflecting the foundational skills that students are expected to bring
to the course, and that may be supported through avenues including mathematics learning
advisors, online platforms or software. To acquire the target skills, students are expected
to draw on prior skills, including manipulating fractions, proportions, percentages and
decimals; rounding numbers appropriately, performing unit conversions, and working
with worded problems and formulas.

o Actual numeracy, corresponding to the mathematical skills students possess on entering
the course. This information could be identified via, for example, prior student coursework
or educator input. However, we reiterate that the Framework is designed as an instructional
and pedagogical tool rather than an assessment tool.

To develop these numeracies, students must employ a range of mathematical competencies (Sec-
tion 4.1.2) across the problem-solving cycle (Section 4.1.1). A key application of the Framework
is, therefore, the mapping of target, assumed and actual competencies, providing a structured
mechanism to inform curriculum design and learning support. In this example we do not consider
student data and instead employ the Framework to map only the target competencies (Table 2)
and numeracy level (Table 3).
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We first establish the target numeracy level on course completion, using Table 3. For this entry-
level nursing course, an appropriate level might be Applied (Numeracy Level 3), reflecting that
students require ‘some scaffolding to develop sound numeracy skills and knowledge’ within the
discipline (Section 4.1.3). A consistent assumed numeracy level of students entering the course
would be the previous one, namely Developing (Numeracy Level 2), so students ‘require limited
scaffolding’ within a topic area. We then use Table 2 as a template to map specific competencies
for this context and numeracy level. An illustrative mapping is shown in Table 4.

The mapping demonstrates how the Framework helps clarify the range of competencies needed
to meet the course learning objective. While all elements of the competencies-by-processes table
are relevant in principle, in practice some may be emphasised, and not all may be addressed at
once. The mapping completed here considers the full set for illustrative purposes, but the Frame-
work allows flexibility for educators to adapt it depending on context, scope and purpose.

7. Discussion

This paper introduced the Academic Numeracies Framework, a tool designed to facilitate the
systematic embedding of numeracies within university curricula and study development initia-
tives. Distinctive features include its intent as an instructional and pedagogical tool for learning
and teaching rather than an assessment instrument, its focus on tertiary education, its multidisci-
plinary applicability and the explicit integration of competencies and mathematical processes.
The Framework's multilayered structure is granular and operational at classroom level, making it
well-suited to guide the embedding of numeracies across tertiary institutions, notably the mapping
of students’ target, assumed and actual numeracy, thus informing curriculum design, and learning
support.

The Framework integrates established perspectives on numeracy development, drawing on Niss
and Hgjgaard (2011), PISA (OECD, 2017) and the GRRIF (Fisher & Frey, 2021), and supports
intentional instructional design and scaffolding. By making explicit the numeracy competencies,
problem-solving processes and numeracy levels, the Framework assists educators in designing
teaching and learning activities aimed to progressively shift responsibility from the instructor to
the student. The Framework complements GRRIF by providing a tool for educators to identify
specifically where scaffolding and targeted support are needed to support students’ transition to
independent numeracy.

Our research project adopts an action research approach (McAteer, 2013) combined with mixed
methods analysis (Creswell & Creswell, 2018), with the goal of developing a fully tested and
trialled version of the Framework. This paper addresses the conceptual stage, proposing and con-
ceptualising the Framework and describing its key features. The Framework comprises four ele-
ments: Mathematical processes, mathematical competencies, numeracy levels, and descriptors,
presented in a concise two-page format (Section 4.2) for easy use. We also presented an illustra-
tive application for the nursing discipline, to demonstrate its practical use.

Educator feedback through focus-group sessions informed the Framework’s conceptual develop-
ment and explored its perceived value. Participants suggested several enhancements, including a
student version (in development), illustrative examples (Section 6), and clarifications around
wording of descriptors, competency levels, contextual information and intended student cohorts
(Section 5.1). They also highlighted key Framework benefits, notably that it brings structure to
teaching and learning support by helping identify student support needs, facilitating conversa-
tions, informing curriculum changes and promoting innovation. Participants further highlighted
its potential to help alleviate maths anxiety, its multidisciplinary applicability, its comprehensive
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Table 4. Illustrative application of the Academic Numeracies Framework mapping target competencies for the entry-level nursing course learning objective “Accu-
rately perform calculation of oral and injected medication dosage”.

Academic
Numeracies Framework

(Nursing Application)

Formulating
(translating to a mathematical problem)

Solving
(applying mathematical procedures)

Interpreting
(judging validity and meaning of the solution)

Communication

Understand and convey information about mathe-
matical and numerical content and concepts in
various ways

- Understand and restate dosage problem clearly, including
what is being asked, and which information has been pro-
vided

- Show step-by-step working clearly using correct mathemat-
ical notation.

Explain results clearly in words (e.g., “this calculation
means that 2 mL is needed in the syringe™).

Mathematising

Students ethically transform a real-world problem
into a mathematical problem, identifying assump-
tions, context, and the limitations of the solution.

the number of tablets is the amount of drug prescribed di-
vided by the amount per tablet).

Translate medication orders into a mathematical model (e.g.

- Maintain appropriate accuracy when calculating required
dosage.

Relate numerical result back to medication context (e.g., the
result is the number of tablets for a given dose)

Assess the domain of validity of the solution (e.g., the ap-
plied rounding is valid for 10mL syringes).

Representation

Students ethically generate, use and interpret
mathematical representations relevant to a prob-
lem or situation

Choose the right representation for the problem (fractions,
ratios, decimals, conversion tables, algebraic expression).

- Use fractions, ratios, tables or formulas to perform calcula-
tions.

Interpret graphs, charts, or numeric answers in the clinical
setting (e.g., syringe markings).

Reasoning and Argument

Students convincingly and ethically explain, de-
Jfend, and justify selected representations, solving
process and obtained solutions.

Justify which method to use (e.g., ratio-proportion vs. for-
mula approach).

- Apply logical checks through the calculation (e.g., units re-
main consistent, intermediate results are reasonable).

Evaluate plausibility of results (e.g., rejecting an answer of
20 tablets for a 200 mg dose).

Devising Strategies
Students ethically select, devise or develop a plan
or strategy to solve mathematical problems.

Plan the calculation steps (e.g., convert units — apply for-
mula — round result).

- Adapt strategies if an error is identified (e.g., recalculate us-
ing a different approach).

Reflect on whether the method used was efficient and accu-
rate, and whether another approach is possible.

Using symbolic language and

operations

Students understand, interpret, ethically manipu-
late, and make use of suitable variables, symbols,
expressions, and operations, or rules to solve
mathematical problems.

Define and write quantities using appropriate symbols and
units (e.g. Dose ordered (mg), Stock strength (mg/tablet)).

- Carry out calculations using fractions, decimals, ratios, and
percentages.

Translate symbolic/numeric results back into practical lan-
guage (e.g., “Dose is 2 tablets”).

Using mathematical tools

Students use appropriate mathematical tools, such
as calculators, computer-based tools, and geome-
try tools, to ethically carry out mathematical pro-
cedures.

Identify appropriate tools (calculator, conversion chart, sy-
ringe scale).

- Use tools correctly to perform calculations or measure val-
ues.

Confirm tool outputs are sensible (e.g., syringe reading
aligns with required dose).




scope and capacity to promote transparency and clarity. This feedback reinforces the Frame-
work’s usefulness for systematically embedding numeracy in higher education.

Systematic implementation of numeracy development initiatives across universities is important
to fully achieve intended benefits (Galligan, 2013a). It would also be beneficial to adopt the tool
in small-scale educational settings, and then extend its use towards a whole-of-institution ap-
proach. Progress towards this goal requires active promotion of this tool and appropriate support
to educators, particularly domain-expert educators seeking to connect the mathematical compe-
tencies and numeracy levels with course and program learning objectives. A concerted approach,
bringing together experts across the institution and providing tailored resources and training (e.g.
example applications and workshops) would be particularly useful.

The Framework’s flexibility and cross-disciplinary nature provide a shared structure and language
to support diverse applications, including facilitating discussions, supporting curriculum design
and implementation, and improving educators’ understanding of student capabilities. In turn, this
aids in contextualising and targeting learning approaches. This is particularly important for adult
learners, for whom relating new knowledge to previous experiences is critical (Knowles, 1980).

This tool is timely given the recent Australian Government policy requiring educator providers
to identify and support at-risk students (PCA23), as it provides an avenue to support this require-
ment. Moreover, an online copy of the Framework is available and is open licensed.

This research is ongoing. The next steps on Framework development include a structured trial of
the Framework at an Australian regional university, and the release of web-based and student-
facing versions currently under development. An initial trial would evaluate the Framework as a
curriculum and teaching support tool, rather than measuring student learning outcomes. Testable
elements include the clarity and usability of its structure and descriptors, the interpretability and
perceived value of the numeracy levels, and cross-disciplinary applicability. Contextual factors
(e.g. effectiveness of learning interventions) would be beyond the scope of this tool-focused trial.
Implementation would involve recruiting educators through professional networks and supporting
them via workshops, examples and guided activities to map assumed, target and/or actual numer-
acies within their courses or programs. Follow-up questionnaires and interviews will inform
Framework refinements, demonstrating that it supports systematic development.

Adult learners’ engagement with numeracy extends beyond competency, encompassing important
‘affective’ dimensions (Hoogland & Diez-Palomar, 2022). Supporting positive attitudes and dis-
positions is therefore critical for success (Mazana et al., 2019). The Framework can support these
efforts by clarifying expectations and promoting inclusive numeracy instruction. The confidence
aspect of numeracy is not yet incorporated into the Framework and will be addressed in future
1terations.

Finally, this work is part of a broader research program which is also examining mathematics
preparation and support across Australian universities. A recent national audit of 40 institutions
documents the diversity, decentralisation and fluidity of these provisions, alongside emerging
challenges in sustaining effective academic numeracy pathways (Rylands et al., 2025 and in prep-
aration). The preliminary results from the audit suggests that an institutional approach to numer-
acy support is largely lacking. Insights from this work will provide important contextual evidence
of the current support landscape and further inform how the Framework can be used to bring
greater coherence, alignment and strategic focus to numeracy support across courses, programs
and institutions.

Acknowledgements

The authors acknowledge Dr. Nawin Raj for contributions to earlier stages of the project.

38


https://research.usq.edu.au/item/z8q78/academic-numeracies-framework

39 R. Salmeron, D. Howarth & L. Galligan

Declarations
1. Ethics approval: The project was approved by the institution’s Human Research Ethics
Committee (Project ID: ETH2025-0438).

Competing / conflict of interests: No conflict of interest to declare.

Use of Generative Al: Generative Al (ChatGPT, Copilot) was used for minor editing of
the manuscript. The authors reviewed all content created via generative Al, edited it as
needed, and take full responsibility for the publication.

References

Association of American Colleges & Universities (AAC&U). (2025). VALUE Rubrics: Quanti-
tative Literacy (2025). https://www.aacu.org/initiatives/value-initiative/value-ru-
brics/value-rubrics-quantitative-literacy

Australian Curriculum, Assessment and Reporting Authority (ACARA). (2017). National Liter-
acy and Numeracy Learning Progressions. Australiancurriculum.edu.au. https://v8.aus-
traliancurriculum.edu.au/resources/national-literacy-and-numeracy-learning-progres-
sions/

Boersma, S., Diefenderfer, C., Dingman, S. W., & Madison, B. L. (2011). Quantitative reason-
ing in the contemporary world, 3: Assessing student learning. Numeracy, 4(2), Article 8.
https://doi.org/10.5038/1936-4660.4.2.8

Brady, K. (2017). Developing first-year students’ academic numeracy skills: Taking a whole-of-
institution approach. In Proceedings of the Australian Conference on Science and Math-
ematics Education (ISBN 978-0-9871834-5-3). https://openjournals.library.syd-
ney.edu.au/I[ISME/article/view/10782

Callingham, R., & Griffin, P. (2009). Towards a framework for numeracy assessment. In Math-
ematics Education Beyond 2000: Proceedings of the 23rd Annual Conference of the
Mathematics Education Research Group of Australasia.
https://www?2.merga.net.au/documents/RP_Callingham_Griffin_2000.pdf

Clarke, D., Cheeseman, J., Sullivan, P., & Clarke, B. (2009). The Early Numeracy Research
Project: Developing a framework for describing early numeracy learning. In Mathemat-
ics Education Beyond 2000: Proceedings of the 23rd Annual Conference of the Mathe-
matics Education Research Group of Australasia. https://www2.merga.net.au/docu-
ments/RP_Clarke Sullivan_Cheeseman_Clarke 2000.pdf

Creswell, J. W., & Creswell, J. D. (2018). Research design: Qualitative, quantitative, and
Mixed Methods Approaches (5th ed.). SAGE Publications.

Dalim, S. F., Aris, S. R. S., Hoon, T. S., Nadzri, F. A., Deni, S. M., Yahya, N., & Si, E. M.
(2023). Framework for numeracy and digital skills attributes in higher education. Re-
search in Social Sciences and Technology, 8(3), 16-35.
https://doi.org/10.46303/ressat.2023.18

Education Scotland (ES). (2016). National numeracy and mathematics progression framework.
https://education.gov.scot/media/kxvn4nos/nnmpf 2016.pdf

Eide, T. W., Meyer, B. D., Azadani, E. N., Townsend, J. A., Fowler, S. M., & Gross, E. L.
(2025). Use of a modified gradual release of responsibility pedagogy in student prepara-
tion for an objective structured clinical examination. Journal of Dental Education. Ad-
vance online publication. https://doi.org/10.1002/jdd.13912

Faulkner, F., Hannigan, A., & Fitzmaurice, O. (2014). The role of prior mathematical experi-
ence in predicting mathematics performance in higher education. International Journal
of Mathematical Education in Science and Technology, 45(5), 648—667.
https://doi.org/10.1080/0020739X.2013.868539



https://www.aacu.org/initiatives/value-initiative/value-rubrics/value-rubrics-quantitative-literacy
https://www.aacu.org/initiatives/value-initiative/value-rubrics/value-rubrics-quantitative-literacy
https://v8.australiancurriculum.edu.au/resources/national-literacy-and-numeracy-learning-progressions/
https://v8.australiancurriculum.edu.au/resources/national-literacy-and-numeracy-learning-progressions/
https://v8.australiancurriculum.edu.au/resources/national-literacy-and-numeracy-learning-progressions/
https://doi.org/10.5038/1936-4660.4.2.8
https://openjournals.library.sydney.edu.au/IISME/article/view/10782
https://openjournals.library.sydney.edu.au/IISME/article/view/10782
https://www2.merga.net.au/documents/RP_Callingham_Griffin_2000.pdf
https://www2.merga.net.au/documents/RP_Clarke_Sullivan_Cheeseman_Clarke_2000.pdf
https://www2.merga.net.au/documents/RP_Clarke_Sullivan_Cheeseman_Clarke_2000.pdf
https://doi.org/10.46303/ressat.2023.18
https://education.gov.scot/media/kxvn4nos/nnmpf_2016.pdf
https://doi.org/10.1002/jdd.13912
https://doi.org/10.1080/0020739X.2013.868539

40 Academic Numeracies Framework

Fisher, D., & Frey, N. (2021). Better learning through structured teaching: A framework for the
gradual release of responsibility (3rd ed.). Association for Supervision & Curriculum
Development. https://www.researchgate.net/publica-
tion/398814741 Fisher D_Frey N 2021 Better learning_through structured teach-
ing A_framework for the gradual release of responsibility 3rd ed

Frith, V., & Prince, R. (2016). Quantitative literacy of school leavers aspiring to higher educa-
tion in South Africa. South African Journal of Higher Education, 30(1), 138-161.
https://doi.org/10.20853/30-1-552

Gal, ., van Groenestijn, M., Manly, M., Schmitt, M. J., & Tout, D. (2005). Adult numeracy and
its assessment in the ALL survey: A conceptual framework and pilot results. In Murray,
T. S., Clermont, Y., & Binkley, M. (Eds.), Measuring adult literacy and life skills: New
frameworks for assessment (pp. 137—191). Statistics Canada.
https://www150.statcan.gc.ca/nl/en/pub/89-552-m/89-552-m2005013-
eng.pdf?st=WqPGhY59

Galligan, L. (2013a). A systematic approach to embedding academic numeracy at university.
Higher Education Research & Development, 32(5), 734-T747.
https://doi.org/10.1080/07294360.2013.777037

Galligan, L. (2013b). Becoming Competent, Confident and Critically Aware: Tracing academic
numeracy development in nursing. Adults Learning Mathematics: An International
Journal, 8(1), 20-30. http://www.alm-online.net/images/AL M/journals/almij-volume8-
1-april2013.pdf

Galligan, L., Coupland, M., Dunn, P. K., Martinez, P. H., & Oates, G. (2020). Research in
mathematics education in Australasia 2016-2019. In A. Waywood, M. Attard, J. Ander-
son, & R. Vale (Eds.), Research in mathematics education in Australasia 2016—2019
(pp- 269-292). Springer. https://doi.org/10.1007/978-981-15-4269-5_11

Geiger, V., Forgasz, H., & Goos, M. (2014). A critical orientation to numeracy across the cur-
riculum. ZDM Mathematics Education, 47(4), 611-624. https://doi.org
/10.1007/s11858-014-0648-1

Golbeck, A. L., Ahlers-Schmidt, C. R., Paschal, A. M., & Dismuke, S. E. (2005). A definition
and operational framework for health numeracy. American Journal of Preventive Medi-
cine, 29(4), 375-376. https://doi.org/10.1016/j.amepre.2005.06.012

Goos, M., Geiger, V., & Dole, S. (2014). Transforming professional practice in numeracy teach-
ing. In Y. Li, E. A. Silver, & S. Li (Eds.), Transforming mathematics instruction: Multi-
ple approaches and practices (pp. 81-102). Springer.

Hadley, K., & Oyetunji, W. (2022). Extending the theoretical framework of numeracy to engi-
neers. Journal of Engineering Education, 111(2),376-399.
https://doi.org/10.1002/jee.20453

Hogan, J. (2000). Numeracy across the curriculum. The Australian Mathematics Teacher, 56(3),
17-20. https://search.informit.org/doi/10.3316/aeipt. 103894

Hgjgaard, T. (2009). Competencies, skills and assessment. In R. Hunter, B. Bicknell, & T. Bur-
gess (Eds.), Crossing Divides: Proceedings of the 32nd Annual Conference of the Math-
ematics Education Research Group of Australasia (Vol. 1). MERGA.
https://pure.au.dk/ws/files/462/THJ09-MERGA32-paper.pdf

Hoogland, K., & Diez-Palomar, J. (2022). Common European numeracy framework — Litera-
ture overview and review. HU University of Applied Sciences. https://husite.nl/cenf/wp-
content/uploads/sites/349/2024/05/Research-CENF-Numeracy-Literature-Overview-

and-Review.pdf



https://www.researchgate.net/publication/398814741_Fisher_D_Frey_N_2021_Better_learning_through_structured_teaching_A_framework_for_the_gradual_release_of_responsibility_3rd_ed
https://www.researchgate.net/publication/398814741_Fisher_D_Frey_N_2021_Better_learning_through_structured_teaching_A_framework_for_the_gradual_release_of_responsibility_3rd_ed
https://www.researchgate.net/publication/398814741_Fisher_D_Frey_N_2021_Better_learning_through_structured_teaching_A_framework_for_the_gradual_release_of_responsibility_3rd_ed
https://doi.org/10.20853/30-1-552
https://www150.statcan.gc.ca/n1/en/pub/89-552-m/89-552-m2005013-eng.pdf?st=WqPGhY59
https://www150.statcan.gc.ca/n1/en/pub/89-552-m/89-552-m2005013-eng.pdf?st=WqPGhY59
https://doi.org/10.1080/07294360.2013.777037
http://www.alm-online.net/images/ALM/journals/almij-volume8-1-april2013.pdf
http://www.alm-online.net/images/ALM/journals/almij-volume8-1-april2013.pdf
https://doi.org/10.1007/978-981-15-4269-5_11
https://doi.org/10.1007/s11858-014-0648-1
https://doi.org/10.1007/s11858-014-0648-1
https://doi.org/10.1016/j.amepre.2005.06.012
https://doi.org/10.1002/jee.20453
https://search.informit.org/doi/10.3316/aeipt.103894
https://pure.au.dk/ws/files/462/THJ09-MERGA32-paper.pdf
https://husite.nl/cenf/wp-content/uploads/sites/349/2024/05/Research-CENF-Numeracy-Literature-Overview-and-Review.pdf
https://husite.nl/cenf/wp-content/uploads/sites/349/2024/05/Research-CENF-Numeracy-Literature-Overview-and-Review.pdf
https://husite.nl/cenf/wp-content/uploads/sites/349/2024/05/Research-CENF-Numeracy-Literature-Overview-and-Review.pdf

41 R. Salmeron, D. Howarth & L. Galligan

Hoogland, K., Diez-Palomar, J., & O’Meara, N. (2020). Common European Numeracy Frame-
work — A multifaceted perspective on numeracy. Paper presented at the 14th Interna-
tional Congress on Mathematical Education (ICME14), Shanghai, China.
https://www.researchgate.net/publication/368921986_COMMON_EUROPEAN NU-
MERACY_FRAMEWORK -A MULTIFACETED PERSPECTIVE ON NUMER-
ACY

Howarth, D., Salmeron, R., & Galligan, L. (2025). Exploring student attitudes and institutional
challenges in advancing adult numeracy: Insights from focus groups. In T. Sundtjenn,
D. Kaye, S. Howe, M. Jorgensen, & D. Dalby (Eds.), Relationships with mathematics in
adult learning: Proceedings of the 31st International Conference of Adults Learning
Mathematics: A Research Forum (ALM) (pp. 58—61). Adults Learning Mathematics — A
Research Forum. https://alm-online.net/wp-content/uploads/2025/06/ALM31-_ Proceed-
ings_final-without-doi.pdf

Kadijevich, D.M., Stephens, M., Solares-Rojas, A., Guberman, R. (2023). Impacts of TIMSS
and PISA on Mathematics Curriculum Reforms. In: Shimizu, Y., Vithal, R. (eds) Math-
ematics Curriculum Reforms Around the World. New ICMI Study Series. Springer,
Cham. https://doi.org/10.1007/978-3-031-13548-4 22

Kappassova, S., Abylkassymova, A., Bulut, U., Zykrina, S., Zhumagulova, Z., & Balta, N.
(2025). Mathematical literacy and its influencing factors: A decade of research findings
(2015-2024). Eurasia Journal of Mathematics, Science and Technology Educa-
tion, 21(7), Article em2671. https://doi.org/10.29333/ejmste/16615

Kift, S., Nelson, K., & Clarke, J. (2010). Transition pedagogy: A third generation approach to
FYE — A case study of policy and practice for the higher education sector. The Inter-
national Journal of the First Year in Higher Education, 1(1), 1-20.
https://doi.org/10.5204/intjfyhe.v1il.13

Knowles, M.S. (1980). The modern practice of adult education: From andragogy to pedagogy.
Englewood Cliffs, NJ: Cambridge Adult Education.

Lefevre, J.-A., Douglas, H., & Wylie, J. (2017). Declines in numeracy skill among university
students: Why does it matter? Perspectives on Language and Literacy, 43(1), 25-29.

Lipkus, I. M., & Peters, E. (2009). Understanding the role of numeracy in health: Proposed the-
oretical framework and practical insights. Health Education & Behaviour, 36(6), 1065—
1081. https://doi.org/10.1177/1090198109341533

Lisciandro, J. G., Olds, A., & Jones, A. (2020). Philosophy, pedagogy and practice in transi-
tional education: An introduction. In Jones, A., Olds, A., & Lisciandro, J. G. (Eds.),
Transitioning Students into Higher Education: Philosophy, Pedagogy and Practice (pp.
1-8). Routledge. https://doi.org/10.4324/9780429279355

Ma, Y. (2024). The effect of metacognition on university students’ performance in mathematics.
Journal of Education, Humanities and Social Sciences, 30, 56-61.
https://doi.org/10.54097/85m7{y24

Madison, B., & Dingman, S. (2010). Quantitative reasoning in the contemporary world, 2: Fo-
cus questions for the numeracy community. Numeracy, 3(2), Article 5.
https://doi.org/10.5038/1936-4660.3.2.5

Maguire, T., & O’Donoghue, J. (2002). A grounded approach to practitioner training in Ireland:
Some findings from a national survey of practitioners in adult basic education. In Pro-
ceedings of the 8th International Conference of Adults Learning Mathematics (ALM-8),
Roskilde, Denmark. https://www.alm-online.net/images/ALM/proceedings/alm-01-pro-
ceedingsalm8.pdf

Mann, G. (2022). “There’s a reason for all the numbers”: Using a literacy framework in ena-
bling education to bridge the gap between low adult numeracy levels and undergraduate


https://www.researchgate.net/publication/368921986_COMMON_EUROPEAN_NUMERACY_FRAMEWORK_-A_MULTIFACETED_PERSPECTIVE_ON_NUMERACY
https://www.researchgate.net/publication/368921986_COMMON_EUROPEAN_NUMERACY_FRAMEWORK_-A_MULTIFACETED_PERSPECTIVE_ON_NUMERACY
https://www.researchgate.net/publication/368921986_COMMON_EUROPEAN_NUMERACY_FRAMEWORK_-A_MULTIFACETED_PERSPECTIVE_ON_NUMERACY
https://alm-online.net/wp-content/uploads/2025/06/ALM31-_Proceedings_final-without-doi.pdf
https://alm-online.net/wp-content/uploads/2025/06/ALM31-_Proceedings_final-without-doi.pdf
https://doi.org/10.1007/978-3-031-13548-4_22
https://doi.org/10.29333/ejmste/16615
https://doi.org/10.5204/intjfyhe.v1i1.13
https://doi.org/10.1177/1090198109341533
https://doi.org/10.4324/9780429279355
https://doi.org/10.54097/85m7fy24
https://doi.org/10.5038/1936-4660.3.2.5
https://www.alm-online.net/images/ALM/proceedings/alm-01-proceedingsalm8.pdf
https://www.alm-online.net/images/ALM/proceedings/alm-01-proceedingsalm8.pdf

42 Academic Numeracies Framework

mathematics. Student Success, 13(2), 21-31. https://search.in-
formit.org/doi/abs/10.3316/informit.544263422888340

Mazana, M. Y., Montero, C. S., & Casmir, R. O. (2019). Investigating students’ attitude to-
wards learning mathematics. International Electronic Journal of Mathematics Educa-
tion, 14(1), 207-231. https://doi.org/10.29333/iejme/3997

McAteer, M. (2013). Action research in education. SAGE Publications Ltd.
https://doi.org/10.4135/9781473913967

Minty-Walker, C., Wilson, N. J., Rylands, L., Pettigrew, J., & Hunt, L. (2024). Assessing nu-
meracy and medication calculations within undergraduate nursing education: A qualita-
tive study. Nursing Open, 11(7), Article €2226. https://doi.org/10.1002/n0p2.2226

Murray, N., & Nallaya, S. (2016). Embedding academic literacies in university programme cur-
ricula: A case study. Studies in Higher Education, 41(7), 1296—1312.
https://doi.org/10.1080/03075079.2014.981150

Murray, T. S., Clermont, Y., & Binkley, M. (2005). Measuring adult literacy and life skills:
New frameworks for assessment. Statistics Canada.
https://www150.statcan.gc.ca/n1/pub/89-552-m/89-552-m2005013-eng.pdf

Nakakoji, Y., & Wilson, R. (2018). First-Year Mathematics and Its Application to Science: Evi-
dence of Transfer of Learning to Physics and Engineering. Education Sciences, 8(1),
Article 8. https://doi.org/10.3390/educsci8010008

Nakakoji, Y., & Wilson, R. (2020). Interdisciplinary Learning in Mathematics and Science:
Transfer of Learning for 21st Century Problem Solving at University. Journal of Intelli-
gence, 8(3), Article 32. https://doi.org/10.3390/jintelligence8030032

Nelson, K., Creagh, T., Kift, S., & Clarke, J. (2014). Transition pedagogy handbook: A good
practice guide for policy and practice in the first-year experience at QUT. Queensland
University of Technology. https://cms.qut.edu.au/__data/as-
sets/pdf file/0008/226529/transition-pedagogy-handbook.pdf

Niss, M. (2003). Mathematical competencies and the learning of mathematics: The Danish KoM
Project. In A. Gagatsis & S. Papastavridis (Eds.), Proceedings of the 3rd Mediterranean
Conference on Mathematics Education (pp. 116—124). Hellenic Mathematical Society.

Niss, M. A., & Hojgaard, T. (Eds.). (2011). Competencies and mathematical learning: Ideas and
inspiration for the development of mathematics teaching and learning in Denmark (IM-
FUFA-tekst No. 485). Roskilde Universitet. http://milne.ruc.dk/ImfufaTekster/

Organisation for Economic Co-operation and Development (OECD). (2009). PIAAC numeracy:
A conceptual framework (Technical Report No. 35). OECD Publishing.
https://www.oecd.org/content/dam/oecd/en/publications/reports/2009/1 1/piaac-numer-
acy-a-conceptual-framework g17a1d4d/220337421165.pdf

Organisation for Economic Co-operation and Development (OECD). (2012). Literacy, numer-
acy and problem solving in technology-rich environments: Framework for the OECD
Survey of Adult Skills. OECD Publishing. https://www.oecd.org/con-
tent/dam/oecd/en/publications/reports/2012/02/literacy-numeracy-and-problem-solving-
in-technology-rich-environments_glgl5aad/9789264128859-en.pdf

Organisation for Economic Co-operation and Development (OECD). (2013). PIS4 2012 assess-
ment and analytical framework: Mathematics, reading, science, problem solving, and
financial literacy. OECD Publishing. https://www.oecd.org/content/dam/oecd/en/publi-
cations/reports/2013/02/pisa-2012-assessment-and-analytical-frame-
work g1g27388/9789264190511-en.pdf

Organisation for Economic Co-operation and Development (OECD). (2017). PIS4 2015 assess-
ment and analytical framework: Science, reading, mathematics, financial literacy and



https://search.informit.org/doi/abs/10.3316/informit.544263422888340
https://search.informit.org/doi/abs/10.3316/informit.544263422888340
https://doi.org/10.29333/iejme/3997
https://doi.org/10.4135/9781473913967
https://doi.org/10.1002/nop2.2226
https://doi.org/10.1080/03075079.2014.981150
https://www150.statcan.gc.ca/n1/pub/89-552-m/89-552-m2005013-eng.pdf
https://doi.org/10.3390/educsci8010008
https://doi.org/10.3390/jintelligence8030032
https://cms.qut.edu.au/__data/assets/pdf_file/0008/226529/transition-pedagogy-handbook.pdf
https://cms.qut.edu.au/__data/assets/pdf_file/0008/226529/transition-pedagogy-handbook.pdf
http://milne.ruc.dk/ImfufaTekster/
https://www.oecd.org/content/dam/oecd/en/publications/reports/2009/11/piaac-numeracy-a-conceptual-framework_g17a1d4d/220337421165.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2009/11/piaac-numeracy-a-conceptual-framework_g17a1d4d/220337421165.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2012/02/literacy-numeracy-and-problem-solving-in-technology-rich-environments_g1g15aad/9789264128859-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2012/02/literacy-numeracy-and-problem-solving-in-technology-rich-environments_g1g15aad/9789264128859-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2012/02/literacy-numeracy-and-problem-solving-in-technology-rich-environments_g1g15aad/9789264128859-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2013/02/pisa-2012-assessment-and-analytical-framework_g1g27388/9789264190511-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2013/02/pisa-2012-assessment-and-analytical-framework_g1g27388/9789264190511-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2013/02/pisa-2012-assessment-and-analytical-framework_g1g27388/9789264190511-en.pdf

43 R. Salmeron, D. Howarth & L. Galligan

collaborative problem solving. OECD Publishing. https://www.oecd.org/con-
tent/dam/oecd/en/publications/reports/2017/08/pisa-2015-assessment-and-analytical-
framework glg81b0f/9789264281820-en.pdf

Organisation for Economic Co-operation and Development (OECD). (2023). PIS4 2022 assess-
ment and analytical framework. OECD Publishing. https://www.oecd.org/con-

tent/dam/oecd/en/publications/reports/2023/08/pisa-2022-assessment-and-analytical-
framework al24aec8/dfe0bf9c-en.pdf

Office of the Chief Scientist & Australian Mathematical Sciences Institute (AMSI). (2020)
[OCS-AMSI2020]. Mapping university prerequisites in Australia. https://www.chiefsci-
entist.gov.au/news-and-media/mapping-university-prerequisites-australia

Parliament of the Commonwealth of Australia. (2023) [PCA23]. Higher Education Support
Amendment (Response to the Australian Universities Accord Interim Report) Bill 2023.
https://parlinfo.aph.gov.au/parlinfo/download/legisla-
tion/bills/r7060_aspassed/toc_pdf/23093b01.pdf:fileType=applica-
tion%2Fpdf#search=%22legislation/bills/r7060_aspassed/0000%22

Panadero, E., & Romero, M. (2014). To rubric or not to rubric? The effects of self-assessment
on self-regulation, performance and self-efficacy. Assessment in Education: Principles,
Policy & Practice, 21(2), 133—148. https://doi.org/10.1080/0969594X.2013.877872

Pearson, P. D., & Gallagher, M. C. (1983). The Instruction of Reading Comprehension. Con-
temporary Educational Psychology, 8(3), 317-344.

Peters, E., Tompkins, M. K., Knoll, M. A. Z., Ardoin, S. P., Shoots-Reinhard, B., & Meara, A.
S. (2019). Despite high objective numeracy, lower numeric confidence relates to worse

financial and medical outcomes. Proceedings of the National Academy of Sciences,
116(39), 19386-19391. https://doi.org/10.1073/pnas.1903126116

Pettigrew, J., Stunden, A., & McGlynn, S. (2020). Contextualising numeracy skill development
and assessment in a first-year undergraduate nursing subject: A mixed methods research
study. Nurse Education Today, 92, Article 104426.
https://doi.org/10.1016/1.nedt.2020.104426

Polya, G. (1957) How to Solve It. A New Aspect of Mathematical Method (2nd ed.). Princeton
University Press, Princeton.

Quinnell, L. M. (2016). Literacy in mathematics in preservice education (Doctoral dissertation,
Queensland University of Technology). https://eprints.qut.edu.au/101162/

Rylands, L., Brickhill, M., Kennedy, S., Ly, F. K., Peate, J., Salmeron, R., & Galligan, L.
(2025). Post-secondary school preparation in mathematics for university study in Aus-
tralia: Bridging and enabling courses. In J. Pettigrew, A. Shaker, & D. Shearman (Eds.),
Proceedings of the 15th Southern Hemisphere Conference on the Teaching and Learn-
ing of Undergraduate Mathematics and Statistics (pp. 114—127). The University of
Queensland. https://doi.org/10.14264/e8ffd2a

Robinson, J. P., Wyss, M. C., & Hannahan, P. (2020). Millions learning real-time scaling labs:
Emerging findings and key insights. Brookings Institution. https://pa-
pers.ssrn.com/sol3/papers.cfm?abstract id=3956180

Santos-Trigo, M. (2024). Problem solving in mathematics education: Tracing its foundations
and current research-practice trends. ZDM—Mathematics Education, 56(2), 211-222.
https://doi.org/10.1007/s11858-024-01578-8

Toh, T. L., Santos-Trigo, M., Chua, P. H., Abdullah, N. A., & Zhang, D. (2023). Problem pos-
ing and problem solving in mathematics education. Springer.

Schapira, M. M., Fletcher, K. E., Gilligan, M. A., King, T. K., Laud, P. W., Matthews, B. A.,
Neuner, J. M., & Hayes, E. (2008). A framework for health numeracy: How patients use



https://www.oecd.org/content/dam/oecd/en/publications/reports/2017/08/pisa-2015-assessment-and-analytical-framework_g1g81b0f/9789264281820-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2017/08/pisa-2015-assessment-and-analytical-framework_g1g81b0f/9789264281820-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2017/08/pisa-2015-assessment-and-analytical-framework_g1g81b0f/9789264281820-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2023/08/pisa-2022-assessment-and-analytical-framework_a124aec8/dfe0bf9c-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2023/08/pisa-2022-assessment-and-analytical-framework_a124aec8/dfe0bf9c-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2023/08/pisa-2022-assessment-and-analytical-framework_a124aec8/dfe0bf9c-en.pdf
https://www.chiefscientist.gov.au/news-and-media/mapping-university-prerequisites-australia
https://www.chiefscientist.gov.au/news-and-media/mapping-university-prerequisites-australia
https://parlinfo.aph.gov.au/parlInfo/download/legislation/bills/r7060_aspassed/toc_pdf/23093b01.pdf;fileType=application%2Fpdf#search=%22legislation/bills/r7060_aspassed/0000%22
https://parlinfo.aph.gov.au/parlInfo/download/legislation/bills/r7060_aspassed/toc_pdf/23093b01.pdf;fileType=application%2Fpdf#search=%22legislation/bills/r7060_aspassed/0000%22
https://parlinfo.aph.gov.au/parlInfo/download/legislation/bills/r7060_aspassed/toc_pdf/23093b01.pdf;fileType=application%2Fpdf#search=%22legislation/bills/r7060_aspassed/0000%22
https://doi.org/10.1080/0969594X.2013.877872
https://doi.org/10.1073/pnas.1903126116
https://doi.org/10.1016/j.nedt.2020.104426
https://eprints.qut.edu.au/101162/
https://doi.org/10.14264/e8ffd2a
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3956180
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3956180
https://doi.org/10.1007/s11858-024-01578-8

44 Academic Numeracies Framework

quantitative skills in health care. Journal of Health Communication, 13(5), 501-517.
https://doi.org/10.1080/10810730802202169

Scott, F. J. (2016). An investigation into students’ difficulties in numerical problem-solving
questions in high school biology using a numeracy framework. European Journal of
Science and Mathematics Education, 4(2), 115—128. https://doi.org/10.30935/sci-
math/9458

Shilo, A., & Kramarski, B. (2019). Mathematical-metacognitive discourse: How can it be devel-
oped among teachers and their students? Empirical evidence from a videotaped lesson
and two case studies. ZDM Mathematics Education, 51(4), 625-640.
https://doi.org/10.1007/s11858-018-01016-6

Stack, S., Watson, J., Hindley, S., Samson, P., & Devlin, R. (2010). What’s average? Australian
Mathematics Teacher, 66(3), 7-15. https://files.eric.ed.gov/fulltext/EJ898699.pdf

Steele, B., & Kilic-Bahi, S. (2008). Quantitative literacy across the curriculum: A case study.
Numeracy, 1(2), Article 3. https://doi.org/10.5038/1936-4660.1.2.3

Tout, D., Coben, D., Geiger, V., Ginsburg, L., Hoogland, K., Maguire, T., Thomson, S., &
Turner, R. (2017). Review of the PIAAC numeracy assessment framework: Final report.
Australian Council for Educational Research. https://research.acer.edu.au/cgi/viewcon-
tent.cgi?article=1033&context=transitions_misc

Woolcott, G., Galligan, L., Whannell, R., Marshman, M., Axelsen, T., Schmalz, J., & Sul-
tanova, N. (2021). How are we progressing with academic numeracy at regional univer-

sities? Perspectives from first-year undergraduate studies. Mathematics Education Re-
search Journal, 33, 451-468. https://doi.org/10.1007/s13394-020-00312-3



https://doi.org/10.1080/10810730802202169
https://doi.org/10.30935/scimath/9458
https://doi.org/10.30935/scimath/9458
https://doi.org/10.1007/s11858-018-01016-6
https://files.eric.ed.gov/fulltext/EJ898699.pdf
https://doi.org/10.5038/1936-4660.1.2.3
https://research.acer.edu.au/cgi/viewcontent.cgi?article=1033&context=transitions_misc
https://research.acer.edu.au/cgi/viewcontent.cgi?article=1033&context=transitions_misc
https://doi.org/10.1007/s13394-020-00312-3

	1. Introduction
	2. Academic numeracy
	3. Review of existing general and numeracy-focussed frameworks relevant to this work
	3.1. General frameworks
	3.1.1. Gradual Release of Responsibility Instructional Framework (GRRIF)
	3.1.2. Transition Pedagogy Framework

	3.2. Numeracy frameworks

	4. Academic Numeracies Framework
	4.1. Elements of the Academic Numeracies Framework
	4.1.1. Mathematical processes
	4.1.2. Mathematical competencies
	4.1.3. Numeracy levels
	4.1.4. Descriptor

	4.2. Structure of the Framework

	5. Focus-group feedback – Illustrative evidence
	5.1. Framework enhancements
	5.2. Potential Framework benefits

	6. Illustrative application
	7. Discussion
	Acknowledgements
	Declarations
	References

