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Abstract

Life sciences education is increasingly expected to address complex socio-environmental challenges, yet
classroom practice often remains dominated by transmissive, assessment-driven approaches that marginalise
creativity, contextual relevance, and epistemic reflection. This paper argues that a coherent conceptual framework
is needed to foreground the shared epistemic foundations of the nature of science (NOS) and science, technology,
engineering, arts, and mathematics (STEAM), particularly their emphasis on scientific knowledge as tentative,
creative, socially negotiated, and culturally embedded. Drawing on illustrative, non-evaluative examples from a
professional development intervention, the paper proposes a NOS-STEAM conceptual lens, and a triadic model
of knowing-doing-being to support curriculum design, teacher professional development, and assessment in life
sciences. This paper offers practical heuristics and policy-relevant insights for advancing rigorous, imaginative,
and contextually grounded life sciences education that bridges global scientific frameworks with local knowledge.
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Introduction

Science education in the 21st century faces unprecedented demands in an era characterised by
volatility, uncertainty, complexity, and ambiguity—often termed the “VUCA” era—(Antonio
& Prudente, 2023). Global socio-environmental challenges require citizens who can think
critically and engage ethically with scientific issues (Herman et al., 2022; Viehmann et al.,
2024). These pressures have intensified calls for curriculum transformation in science
education, shifting beyond static policy prescriptions and rote content coverage toward a more
dynamic, responsive approach (Ngobeni et al., 2023). As Pinar (2004) and others have argued,
meaningful curriculum reform entails viewing curriculum as a verb: an ongoing, active process
of co-constructing knowledge, rather than a fixed noun or mere syllabus (Schubert, 2009). This
notion of curriculum-as-lived experience also resonates with contemporary curriculum studies
debates that foreground curriculum as a conversational, ethical, and contextual practice (Le
Grange et al., 2024). Despite these curriculum aspirations, life sciences education lacks a
coherent conceptual framework that explicitly integrates the epistemic foundations of the
nature of science (NOS) and STEAM (science, technology, engineering, arts, and mathematics)
to support epistemic justice, inquiry, and contextual relevance (Lederman & Lederman, 2019;
Mutongoza, 2025; Perignat & Katz-Buonincontro, 2019). Building on these notions, this paper
positions the shared foundations of the NOS and STEAM as a conceptual lens for reimagining
life sciences education in South Africa and beyond. Accordingly, this paper develops a NOS-
STEAM conceptual lens and a triadic model of knowing-doing-being to guide curriculum
design and teacher professional development in life sciences.

South Africa provides a compelling context for exploring this NOS-STEAM convergence.
Post-apartheid curriculum reforms (notably the Curriculum and Assessment Policy Statement,
or CAPS) have explicitly aimed to promote scientific literacy, environmental responsibility,
and inclusion of Indigenous knowledge systems alongside Western science (Mudaly, 2018;
Photo & McKnight, 2024). These goals speak to epistemic justice: the idea that multiple
knowledge systems and ways of knowing, especially those of marginalised communities,
deserve recognition and integration in education (Mphahlele & Pitsoe, 2023). However, despite
well-intended policy, many South African science classrooms remain teacher-centred and
focused on factual recall to prepare learners for high-stakes assessments (Buma &
Nyamupangedengu, 2020; Ramnarain et al., 2023).

Tensions arising from the persistent misalignment between policy aspirations and classroom
realities highlight the need for pedagogical frameworks that support equitable, inquiry-
oriented, and epistemically inclusive life sciences learning. A NOS-STEAM framework offers
a promising way of addressing these tensions. By deliberately integrating the NOS with the
arts within STEM (science, technology, engineering, and mathematics) learning, teachers can
bridge global scientific frameworks with local knowledge systems while reconciling inquiry-
rich pedagogy with the realities of assessment (Namakula & Akerson, 2024). This, however,
requires teachers to move out of their comfort zones of “chalk-and-talk” to embrace new roles
as facilitators of inquiry and co-creators of knowledge (Ramey & Stevens, 2023). Effective
teacher professional development is therefore key to enabling curriculum transformation. This
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paper draws on a professional development intervention, using it as an illustrative case of how
shared NOS-STEAM tenets can be enacted in practice.

The paper makes two conceptual contributions. First, it synthesises the shared foundations of
the NOS and STEAM into a coherent conceptual lens for understanding curriculum as a living
practice. Second, it proposes a triadic model of knowing-doing-being to guide curriculum
design, assessment, and teacher professional development toward more rigorous, culturally
responsive, and imaginative life sciences education. Together, these contributions support
curriculum transformation that is epistemically grounded, pedagogically sound, and attentive
to the lived realities of South African classrooms.

Literature review

The NOS and scientific literacy

According to Abd-El-Khalick (2013), the NOS includes the fundamental characteristics of
scientific knowledge, namely, that it is provisional, grounded in empirical observation,
influenced by theoretical perspectives and human subjectivity, shaped by imagination and
creativity, and situated within broader social and cultural contexts. Collectively, these ideas
portray science not as a simple accumulation of facts, but as a dynamic human enterprise for
constructing explanations about the world (Erduran & Dagher, 2014; Mody, 2025). An
understanding of the NOS is widely regarded as a critical component of scientific literacy
(Ramnarain & Padayachee, 2015).

Scientific literacy involves knowing scientific concepts, understanding how scientific
knowledge is generated and validated, and applying scientific thinking to real-world issues
(Holbrook & Rannikmae, 2009; Kelp et al., 2023). Lederman (2007) and Ben-Horin et al.
(2023) argued that learners who grasp the NOS are better equipped to make sense of scientific
information and to engage in informed decision-making about socio-scientific problems. For
example, knowing that scientific conclusions are tentative may help learners remain critical
and open-minded about emerging scientific evidence (Mueller & Reiners, 2023).
Understanding that science is socially and culturally embedded can foster appreciation for how
science both influences and is influenced by society, politics, and culture (Ferndndez et al.,
2022).

Global science education reforms consistently call for emphasising the NOS in curricula. In
South Africa, post-2000 curricula explicitly incorporate NOS-related aims (Department of
Basic Education [DBE], 2011). The life sciences CAPS document outlines several aims that
align with the tenets of the NOS (DBE, 2011). The curriculum emphasises that learners should
not only acquire factual knowledge, but also develop the cognitive and process skills necessary
to investigate phenomena, analyse and evaluate data, and apply their understanding to
unfamiliar contexts (Bertram et al., 2021). The curriculum foregrounds the historical and
cultural situatedness of science, highlighting the evolution of scientific knowledge and its
interaction with Indigenous knowledge systems, and positioning science as a human, socially
embedded endeavour (DBE, 2011). This reflects a shift from the apartheid-era biology
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syllabus, which was content-heavy and positivist, towards a curriculum that values inquiry and
the understanding of science as a process (Ngobeni et al., 2023; Ramnarain & Padayachee,
2015).

Despite these curriculum intentions, research suggests persistent implementation gaps.
Ramnarain and Padayachee (2015) found that South African life sciences textbooks still
overwhelmingly portrayed science as a fixed body of knowledge, with less emphasis on science
as inquiry or science in society. This misalignment means that without teacher professional
development and curriculum resources, learners may not adequately learn about the NOS
(Chanetsa & Ramnarain, 2025; Philander & Botha, 2021). Furthermore, many science teachers
themselves have fragmented or naive conceptions of the NOS (Chuene & Singh, 2024).

Explicit integration of the NOS into science teaching has been linked to better reasoning about
scientific and socio-scientific issues (Hogstrom et al., 2024) and may promote greater
willingness to engage in science learning (Namakula & Akerson, 2024). However, integrating
the NOS into classroom practice can be challenging. It requires discussions about how
knowledge is constructed, which many life sciences teachers are not entirely prepared for
(Chuene & Singh, 2024; Preminger et al., 2024). Abd-El-Khalick and Lederman (2000)
emphasised that NOS instruction should be explicit and reflective; learners should not only
engage in inquiry activities but also reflect on what those activities show about the NOS. This
approach aligns with engaging, learner-centred teaching, which provides a natural conceptual
bridge to STEAM.

STEAM education and the role of the arts

STEAM education is an approach that integrates the arts into STEM to enhance creativity,
engagement, and contextual learning (Land, 2013). In a STEAM framework, the arts are not
just add-ons but access points for guiding learner inquiry, dialogue, and critical thinking in
STEM subjects (Cook et al., 2025; Danielson et al., 2022). The core idea is that scientific
learning can be enriched by artistic processes that foster imagination, empathy, innovation, and
a connection to personal and cultural expression (Cook et al., 2025; Okwara & Pretorius, 2023).
STEAM advocates argue that the arts humanise STEM learning, making it more holistic and
better suited to developing the adaptable, inventive thinkers needed in the 21st century (Cook
et al., 2025; Okwara & Pretorius, 2023). Notably, STEAM’s inclusion of the arts enables
cultural relevance and emotional engagement by validating learners’ cultural backgrounds
(Salehjee & Watts, 2023). Therefore, the arts can serve as a bridge between scientific content
and the learners’ communities and identities, which is crucial in diverse classrooms.

STEAM is inherently transdisciplinary (Wilson et al., 2021). Rather than teaching subjects in
isolation, STEAM education involves tackling real-world problems that require multiple lenses
(Filipe et al., 2024). Furthermore, STEAM invites diverse ways of knowing, including artistic
and Indigenous perspectives, into learning (Matindike & Ramdhany, 2025). Emerging meta-
analytic evidence suggests that STEAM interventions can support learning outcomes, though
effects vary by context, design, and implementation (Amanova et al., 2025).
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Teachers involved in STEAM education often report renewed enthusiasm and deeper
understanding of content themselves as they collaborate across disciplines (Quigley & Herro,
2019). However, implementing STEAM calls for careful planning, collaboration between
teachers of different subjects, and a shift in assessment approaches to value creative processes
and products (Erawan & Mariana, 2025; Perales & Ardstegui, 2021). Furthermore, some
science teachers worry that adding arts can dilute scientific rigour (Okwara & Pretorius, 2023).
Yakman’s (2017) conceptualisation of STEAM includes maintaining the integrity of each
respective discipline while contributing to a richer whole. In practice, support and professional
development are needed for teachers to feel confident in integrating arts into their science
teaching, especially if they lack an arts background (Bertling et al., 2025).

Shared foundations: A synthesised lens

Although science and the arts may appear to inhabit different domains, they share deep
structural affinities: curiosity, creativity, and the human drive to construct meaning.
Recognising this shared pursuit of understanding is vital for curriculum transformation in life
sciences because it demonstrates how the NOS and STEAM education align through parallel
ways of knowing and doing. This alignment forms the basis of the NOS-STEAM conceptual
lens suggested in this paper. Fulton and Simpson-Steele (2016) captured this overlap,
illustrating how scientific and artistic inquiry share common processes of noticing, imagining,
exploring, designing, and communicating. Table 1 shows these parallels.

Table 1
The common processes in the sciences and arts (Fulton & Simpson-Steele, 2016)

In the sciences Common process In the arts
Data collection Noticing Observation
Curiosity Wondering Imagination
Experimenting Exploring Rehearsal
Design Visualising Composition
Explanation Communicating Performance/exhibition

Recent scholarship affirms that the NOS and STEAM align on a set of shared commitments
that together constitute a powerful conceptual lens for curriculum transformation. Both
frameworks challenge transmissive, content-heavy teaching by emphasising science as a
human, imaginative, and socially embedded process (Erduran & Dagher, 2014; Mejia et al.,
2023). The six interrelated dimensions depicted in Table 2 illustrate how the epistemological
tenets of the NOS and the pedagogical practices of STEAM overlap to form a unified
conceptual lens for curriculum transformation in life sciences.
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Table 2

Shared foundations of the NOS and STEAM

Dimension

NOS

STEAM

Shared educational
implication

Imagination and
creativity
(Amanova et al.,
2025; Dedk &
Kumar, 2024)

Scientific inquiry and
hypotheses require
imagination.

Artistic and design
processes cultivate
creative exploration.

Creativity links
cognitive and
affective learning.

Inquiry and
evidence (Cheung
& Erduran, 2023)

Knowledge is
constructed through
observation,
experimentation, and
reasoning.

Learning occurs
through iterative
cycles that link
conceptual
understanding to
practical creation.

Both treat inquiry as
an active and
reflective process.

Communication
and representation
(Thyberg et al.,
2024)

Scientists use
models,
argumentation, and
visualisation.

Artists use visual,
verbal, performative
modes.

Multimodal
representation
deepens
metacognition and
expression.

Context and culture
(Gandolfi, 2024)

Science is socially
and culturally

The arts draw on
identity, culture, and

Connecting global
science with local

iteration
(McComas et al.,
2020)

explanations evolve
with new evidence
and critique.

develops through
rehearsal and
refinement.

embedded. lived experience. culture supports
epistemic justice and
inclusion.
Tentativeness and | Scientific Creative work Iteration nurtures

resilience and
reflective learning.

Aesthetics and
judgement
(Yulianti
Herpratiwi, 2024)

Theories are valued
for coherence,
simplicity, elegance.

Art is valued for
harmony, balance,
expressive power.

Aesthetic judgement
enriches
understanding of
quality and purpose.

These shared foundations reveal that the NOS and STEAM are not competing agendas but
complementary dimensions of a broader educational paradigm. The NOS offers
epistemological clarity, while STEAM provides pedagogical and affective means to enact these
ideas through experiential, culturally relevant practice. Viewed together, they form a NOS-
STEAM conceptual lens that positions curriculum as a living process of knowing, doing, and
being. This idea reflects curriculum-as-lived experience and foregrounds curriculum enactment
as situated, interpretive, and relational. This lens underpins the argument in this paper: that re-
envisioning life sciences education through the NOS-STEAM convergence can promote more
inclusive, imaginative, and epistemically just learning.
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While the NOS-STEAM conceptual lens offers a coherent framework for curriculum
transformation, it is not without challenges. Literature notes that creativity and arts-based
pedagogies can be difficult to operationalise in science classrooms constrained by time,
assessment pressures, and large class sizes, risking superficial integration (Bossér, 2024;
Perignat & Katz-Buonincontro, 2019). There are also concerns that arts integration may dilute
scientific rigour if epistemic aims are not made explicit and disciplinary boundaries are poorly
negotiated (Colucci-Gray et al., 2019). In addition, without adequate professional
development, teachers may struggle to align creative activities with core scientific concepts
and NOS tenets (Lederman et al., 2014; Perignat & Katz-Buonincontro, 2019). Acknowledging
these tensions highlights the need for deliberate pedagogical design, explicit epistemic focus,
and sustained teacher support when enacting the NOS-STEAM lens in practice.

Tensions in the South African science education landscape

It is important to situate the discussion within the specific tensions of the South African science
education context, many of which are echoed in international debates. South Africa’s
educational landscape is marked by tensions between progressive curricular ideals and practical
constraints (Bertram & Rusznyak, 2024).

Firstly, the pressure of high-stakes summative assessments often leads teachers to prioritise
content coverage and assessment preparation over exploratory learning (Kanjee et al., 2022).
Even teachers who personally value inquiry may feel constrained by factors such as completing
the syllabus on time, large class sizes, and limited resources, which discourage them from
inquiry-rich teaching and learning (Ramnarain et al., 2023). This results in the predominance
of teacher-centred pedagogy. Although this tension is not unique to South Africa, it is
particularly acute due to accountability measures and historical inequalities in school
resourcing (de Clercq, 2020; Ehren & Hwa, 2025). Without system-level shifts, teachers need
support to innovate within the existing system, striking a balance between covering content
and engaging learners in learning (Ingulfsen et al., 2023).

In post-colonial contexts like South Africa, there are calls to decolonise the curriculum, which
includes integrating Indigenous knowledge and locally relevant knowledge (Blackie, 2024; de
Beer & Kriek, 2021). However, in practice, meaningful integration of Indigenous or local
knowledge into science classes has been limited (Blackie, 2024). The NOS offers one rationale
for bridging this gap; if science is culturally embedded and there are multiple ways of observing
and solving problems, then local knowledge can be discussed as an additional way humans
construct an understanding of nature. Complementarily, STEAM offers practical avenues;
using local crafts, music, or storytelling as part of science teaching naturally incorporates
Indigenous perspectives.

Lastly, sustaining teacher growth and innovative classroom practices in the face of several
systemic pressures remains a challenge (Nwoko et al., 2023). Professional development
opportunities may be sporadic or short-term due to funding and logistical challenges (DBE,
2019). Implementing STEAM, which might require materials for art projects or technology
use, can seem daunting in these conditions. The tension of sustainment also involves
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administrative support; if schools are fixated on assessment results, teachers may feel pressure
to revert to transmissive teaching (O’Shea, 2021).

The South African science education context is at a pivotal juncture where the vision of a
forward-looking, socially responsive curriculum must contend with practical realities and
historical inequities. The NOS-STEAM conceptual lens directly addresses these tensions by
showing that assessment and deeper learning are not mutually exclusive, integrating global
scientific content with local knowledge in a culturally responsive way, and supporting teacher
professional development while promoting sustainable change through community and
institutional support. Together, these possibilities emphasise curriculum as a living, negotiated
process that is continually reinterpreted in practice.

Theoretical framework

The theoretical framework merges the conceptual overlap of the NOS and STEAM with a
social constructivist view of learning and an activity-theory perspective on teacher change. At
its heart is the notion of curriculum as a dynamic, negotiated process, a view informed by both
curriculum theorists and the principles of the NOS and STEAM. Pinar’s (2004) idea of
curriculum as an intellectual pursuit rather than an institutional or bureaucratic one underpins
this approach, suggesting that curriculum development is an ongoing act of inquiry by teachers
and learners. Fundamentally, the curriculum comes alive through the interactions of learners,
teachers, and content in context—curriculum-in-action, not merely through documents and
plans. This view resonates with curriculum-as-lived experience and foregrounds curriculum
enactment as relational, ethical, and situated.

This paper draws on illustrative examples from a professional development intervention. The
professional development design drew on social constructivism (Vygotsky, 1978). From a
social constructivist point of view, knowledge is constructed through social interaction and is
deeply influenced by cultural context. Vygotsky often turned to artistic metaphors to explain
learning. Veresov (2004) showed that even his formulation of the zone of proximal
development, anchored in the two developmental planes of learning, first through social
interaction and then through internalisation, was originally expressed through a metaphor from
Russian theatre, depicting development as a dramatic encounter between actors on a stage. The
professional development activities were designed to foreground collaborative dialogue, shared
problem-solving, and joint reflection, allowing teachers to co-construct understandings of
NOS-STEAM concepts in relation to their classroom contexts. These interactions also
informed the interpretation of the illustrative examples, which were analysed as socially
mediated processes rather than isolated individual practices.

Finally, the framework assumes that teacher professional development is a journey that
involves changes in knowledge, practice, and belief, and that these do not happen suddenly or
in a linear sequence (Kager et al., 2023; Rodgers et al., 2022). Drawing on activity-theoretic
perspectives, teacher change is understood as emerging from participation in a broader activity
system shaped by tools, rules, community, and contextual constraints, rather than as an
individual cognitive shift alone. Thus, an implicit part of the framework was reflective practice:
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encouraging teachers to reflect on their experiences during and after the professional
development intervention. Reflection acts as the bridge between action and theory (Riyanti,
2021), aiding teachers in the integration of NOS-STEAM concepts into their unique teaching
philosophy. Reflection also supports teachers’ professional judgement, a key emphasis in
contemporary curriculum studies (Philp-Clark & Grieshaber, 2024).

While this integrated theoretical framework offers a robust lens for understanding curriculum
enactment and teacher learning, it is not without limitations. Applying activity-theoretic
perspectives in resource-constrained contexts can be challenging because systemic factors such
as limited time, materials, and institutional support may restrict opportunities for expansive
learning and sustained change (Opfer & Pedder, 2011). Similarly, social constructivist
approaches rely on collaborative engagement (Vygotsky, 1978), which may be uneven across
professional development contexts. Acknowledging these constraints reinforces the need to
interpret the illustrative examples cautiously and highlights the importance of contextual
sensitivity when applying the NOS-STEAM framework in diverse educational settings.

In summary, the theoretical framework guiding this paper is an integration of NOS-STEAM
conceptual alignment with social constructivist and activity-theoretic perspectives on learning.
It sees the teacher as a reflective practitioner and the curriculum as a living process, guided by
principles of inquiry, creativity, and contextual relevance. This theoretical framing underpins
the paper’s two conceptual contributions: the NOS-STEAM conceptual lens and the triadic
model of knowing-doing-being. To ground these conceptual arguments in practice, the
following section briefly introduces the context from which the illustrative examples are drawn.

Context and illustrative cases

Although this paper draws on insights from a professional development intervention for life
sciences teachers, it does not report empirical findings. Instead, examples from a 2023-2024
professional development intervention are used as illustrative cases to ground the conceptual
argument, with analytic deductions drawn from recurring patterns in teacher reflection and
practice informing the design of the triadic model and the interpretive claims advanced in the
conclusion. No evaluative or generalisable claims are made. These cases therefore function as
conceptual illustrations rather than as empirical evidence.

The professional development intervention involved a group of in-service life sciences teachers
from diverse South African school contexts who voluntarily participated in the intervention.
All participants taught life sciences in the Further Education and Training phase and had prior
teaching experience but limited explicit exposure to the NOS or STEAM. The intervention,
conducted online, introduced teachers to the NOS concepts and STEAM education through
inquiry-based, collaborative, and arts-integrated activities. Participants were supported in
designing lessons that reflected these shared principles through structured online workshops,
collaborative discussion, guided reflection, and feedback on teacher-generated artefacts.

Rather than being analysed as research data, the various artefacts generated during the
intervention, including teacher reflections (such as guided reflective activities and written
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prompts), creative outputs (such as visual representations, storytelling tasks, and activity
design), and lesson planning attempts, were used heuristically to illustrate how the NOS-
STEAM conceptual lens can operate in practice. These artefacts serve as conceptual anchors
that demonstrate how teachers’ experiences exemplify or challenge the NOS-STEAM
conceptual lens. In this way, the professional development context provides a backdrop for
exploring the affordances and constraints of implementing inquiry-rich, creative, and
contextually responsive pedagogy in South African life sciences classrooms.

Illustrations & design heuristics

Illustrative shifts in NOS understanding

The professional development intervention offers a glance at how teachers began to rethink the
NOS when they encountered pedagogy that foregrounds inquiry, creativity, and context. Two
patterns offer useful insight. Firstly, creativity serves as a doorway to the NOS. Arts-based
tasks made the creativity of scientific work accessible to teachers. Secondly, several teachers
recognised that their continual emphasis on “correct answers” had obscured how knowledge is
generated, argued, and revised.

Some enduring challenges remained, particularly distinguishing between scientific theories and
laws, and recognising the subtler dimensions of science’s social and cultural embeddedness.
Thus, the professional development intervention functioned as a window into the types of
experiences that can initiate or support NOS learning, rather than as evidence of a completed
transformation.

The value of STEAM

Although the professional development intervention was not explicitly positioned around the
shared foundations of the NOS and STEAM, teacher-generated artefacts highlight why the
NOS-STEAM intersection offers a compelling framework for rethinking life sciences teaching
and learning. Transdisciplinary teaching and learning encourages learner participation
(Atkinson-Toal, 2024). Role-play, poetry and other art forms can engage learners who might
otherwise remain passive during lessons. These tasks situate science alongside everyday
experience, inviting ethical reasoning, empathy, and communication, which are skills closely
aligned with scientific literacy (Bossér, 2024). Taken heuristically, these examples, informed
by observation of participant interactions, discussions with participants, and engagement with
teacher-generated artefacts, suggest that STEAM can operationalise a NOS-informed view of
the life sciences curriculum: learning as doing, representing, arguing, and caring, rather than
merely recalling.

Navigating systemic pressures

The illustrative materials shed light on practical design heuristics for working within policy
and assessment constraints. Firstly, creative tasks should explicitly align with prescribed
learning outcomes. When teachers connect STEAM tasks to CAPS content and skills,
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innovations are experienced as legitimate rather than supplementary. Secondly, integrating
local and Indigenous knowledge into life sciences teaching enhances understanding and
relevance without undermining learning outcomes. The arts offer a natural pathway for this
localisation while maintaining scientific accuracy. Finally, the professional development
intervention underscored the value of communities of practice. Based on observed peer
interaction during online discussions and shared artefacts, peer exchange appeared to help
teachers refine resources, share ideas, and sustain momentum. Such networks provide
additional resources but do not replace the need for institutional support.

In this context, navigating these tensions demonstrates that alignment and transformation are
not mutually exclusive. Creative reinterpretation of existing policies and assessments can serve
as catalysts for meaningful change.

Why the NOS and STEAM reinforce each other

Interpreted heuristically, the illustrative examples from the professional development
intervention, informed by observation, dialogue, and engagement with teacher-generated
artefacts, suggest three mechanisms through which the NOS and STEAM can be mutually
enabling in practice. Firstly, making, modelling, and performing render the process of
knowledge production visible, which naturally opens discussion of tentativeness, creativity,
and evidence. Secondly, encountering multiple valid representations foregrounds interpretation
and perspective, supporting theory-ladenness and socio-cultural embeddedness. Finally,
affective experiences of joy and identification often pave the way for the rigorous explanation
and critique. These mechanisms are not presented as causal explanations but as practice-based
design insights that can guide decisions in curriculum and professional development.

Continuing challenges and analytical limits

The preceding illustrations offer only a partial view of the complexities involved. Time
pressures, assessment requirements, and limited support determine what is feasible. Some
teachers remain sceptical of arts-integrated pedagogies until they witness their advantages,
while others need more support in the understanding of the NOS. For policy and system
stakeholders, the key insight is that lasting change requires investment in sustained, supported
cycles of planning, enactment, and reflection, alongside recognition of more diverse forms of
evidence in school-based assessment.

Conceptual contributions

Read as a conceptual argument, the professional development intervention aids in recasting
curriculum as a living practice, one that interweaves knowing, doing, and being rather than
functioning as a checklist of topics to be covered. It also helps to frame the NOS not as an
additional topic to be covered, but as cultivated through modelling scientific reasoning and
engaging learners in evidence-based discussions. Finally, it conceptualises STEAM as a
pedagogical language through which these ways of knowing and teaching take shape in
practice, particularly in settings where relevance, identity, and resourcefulness underpin
authentic life sciences learning.
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These insights are generative for curriculum transformation. They identify mechanisms that
can enable life sciences education that is both rigorous and contextually grounded. Together,
they strengthen the conceptual basis for the NOS-STEAM conceptual lens advanced in this

paper.

The triadic model of knowing-doing-being in life sciences
education

Building on the synthesis of ideas in this paper, and informed by broader curriculum and
science education scholarship that conceptualises disciplinary learning as involving
interrelated ways of knowing, doing, and being (Barnett & Coate, 2005; Craig, 2018; Rahm,
2014), this paper adapts these traditions to propose a conceptual triadic model (see Figure 1)
of knowing-doing-being specifically for life sciences education. The model captures how
epistemic, pedagogical, and ontological dimensions intersect to enable transformative
curriculum enactment in the South African context. It conceptualises life sciences education as
an intersection of three interdependent domains: knowing (the epistemic dimension,
represented through the tenets of the NOS), doing (the pedagogical dimension, represented
through STEAM), and being (the ontological, affective, and contextual dimension that
encompasses teacher agency, identity, values, emotions, and sociocultural realities).

Figure 1
The triadic model of knowing, doing, and being in life sciences education

KNOWING
(Epistemic
dimension: NOS)

DOING
(pedagogical
dimension: STEAM)

Application of
epistemic
understanding
through inquiry
and creative
action

Understanding how
scientific knowledge
is produced and
Jjustified

Enacting knowledge
through imaginative,
multimodal practice

Transformative
Life Siences
education
(curriculum as
living practice)

Identity,
values, and
sense of
belonging in
the scientific
enterprise

expresses
identity,

culture, and
purpose

BEING
(ontological and
affective dimension)

How teachers and
learners become and feel
as participants in
science

Within this triadic relationship, the NOS provides the conceptual grounding for understanding
how knowledge is generated, validated, and situated. STEAM, in turn, offers a repertoire of
creative, transdisciplinary, and design-orientated practices through which these epistemic
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understandings are enacted in the classroom. The dimension of being integrates teachers’ and
learners’ identities, purposes, and affective orientations, including curiosity, care, empathy, and
emotional engagement, recognising that teaching and learning are embodied and value-laden
acts. Attending to this affective and identity-based dimension is especially important in life
sciences, where topics such as climate change, loss of biodiversity, and ethical responsibility
invoke deep personal and societal meanings.

Taken together, the triadic model extends existing knowing-doing-being frameworks by
explicitly aligning the epistemic commitments of the NOS with the creative pedagogies of
STEAM and the lived, situated, and ethical dimensions emphasised in curriculum-as-lived
scholarship. This conceptualisation underscores that transformative life sciences education
emerges when teachers and learners are simultaneously empowered to know scientifically, do
creatively, and be ethically and affectively engaged in the natural world.

Recommendations

Teacher learning and professional development

An explicit focus on the NOS and STEAM should be prioritised in both pre-service and in-
service teacher learning in life sciences. Embedding these dimensions as core elements of
teacher education would strengthen epistemic awareness, creativity, and transdisciplinary
thinking among life sciences teachers. Such preparation also enhances teachers’ professional
judgement and curriculum agency, both key considerations in contemporary curriculum studies
(Philp-Clark & Grieshaber, 2024), for example, through collaborative lesson design and
reflective dialogue.

Curriculum and assessment alignment

The life sciences CAPS document endorsed inquiry and creativity but marginalised them in
assessment weighting (DBE, 2011). Stronger policy emphasis on authentic assessment and
continuing learning would signal institutional endorsement of a NOS-STEAM framework.
Sustaining NOS-STEAM integration depends on assessment systems that value creativity,
reasoning, and epistemic understanding alongside factual accuracy. For example, authentic
assessment in life sciences could include inquiry projects, learner-designed models, or
performances that explain scientific concepts, or projects linking scientific ideas to local socio-
environmental issues. Aligning assessment with the triadic model would further ensure that
knowing, doing, and being are recognised as interdependent and complementary dimensions
of learning.

Resources and partnerships

Although many activities within a NOS-STEAM framework can be implemented with minimal
resources, equitable access requires purposeful systemic support. Education departments and
relevant stakeholders could develop resource kits combining art and science materials with
accompanying pedagogical guides. Such kits might include low-cost materials for modelling,
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visual arts resources for representing scientific processes, and guidance on explicitly linking
these activities to NOS tenets. Partnerships with museums, cultural centres, and environmental
organisations can anchor science learning in local contexts. Investments in digital infrastructure
would further enable teachers to integrate artistic and scientific modes of inquiry.

Curriculum transformation is collective, requiring coherence among teachers, school leaders,
parents, and communities (Mincu, 2022). Leadership training should therefore engage with
NOS-STEAM principles, equipping school management teams to enable innovation rather than
constrain it. Furthermore, community participation can bridge formal scientific and local
knowledge. Such partnerships increase the social relevance of life sciences education and
affirm schools as spaces of creativity, dialogue, and inclusion. These collaborative
arrangements reinforce curriculum as a lived, relational, and contextually grounded practice.

Ongoing research and knowledge building

Continuing inquiry into NOS-STEAM integration is necessary for both theoretical refinement
and practical improvement. Findings from such research should be shared through teacher
conferences and academic networks. As both the NOS and STEAM evolve, integration efforts
should remain responsive to new developments, incorporating emerging domains such as
digital media, environmental humanities, and creative technologies. Sustained research will
also support iterative refinement of the NOS-STEAM conceptual lens and the triadic model.
Findings from such research should be shared through teacher conferences, professional
learning communities, and academic networks.

These recommendations underscore that NOS-STEAM integration represents a conceptual
reorientation of life sciences education. When curriculum, pedagogy, assessment, and policy
operate in alignment, life sciences education can become more rigorous, inclusive, and
contextually grounded. The triadic model of knowing-doing-being provides a theoretical
foundation for this reorientation, emphasising that transformation arises through the
entanglement of epistemic understanding, creative and inquiry-based practice, and the
cultivation of identity, culture, and purpose. Embracing this paradigm allows life sciences
education to move beyond the transmission of knowledge toward the development of curious,
critical, and compassionate citizens. This orientation contributes to broader curriculum futures
debates by positioning life sciences as a space for ethical, imaginative, and socially responsive
learning.

Conclusion

This paper argues that the shared foundations of the NOS and STEAM offer a robust conceptual
lens for reimagining the life sciences curriculum as a dynamic process of inquiry and creation
rather than a static body of knowledge. Conceiving curriculum as a living practice, as an
interaction of knowing, doing, and being, invites a reorientation of life sciences education
toward creativity, inclusivity, and contextual responsiveness. Within this framework, the NOS
clarifies the epistemic character of science, while STEAM provides the pedagogical and
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affective mechanisms through which these ideas are enacted. Together, these frameworks
support a curriculum-as-lived perspective.

Integrating the NOS and STEAM advances two interrelated aims: strengthening scientific
literacy and promoting epistemic justice. It enables learners to not only understand scientific
knowledge but also how and why it is generated and revised, while validating diverse cultural
and expressive modes of engagement with scientific ideas. Embedding Indigenous knowledge
and creative modalities within life sciences learning can help counter historical inequities and
make science more accessible and empowering, particularly in post-colonial contexts such as
South Africa.

The illustrative cases suggest that NOS-STEAM integration can serve as a catalyst for
professional development. As teachers adopt inquiry-based and arts-integrated pedagogies,
they often reconsider their assumptions about science and learning, gaining renewed agency,
curiosity, and confidence. Such growth is crucial in systems where systemic pressures can limit
innovation, suggesting that conceptually grounded professional development can reconnect
teachers with the intellectual and imaginative purposes of life sciences education. The NOS-
STEAM conceptual lens also provides practical pathways for navigating these systemic
pressures by showing how innovation can coexist with policy demands and resource
constraints.

Ultimately, the shared NOS-STEAM conceptual lens positions life sciences education as a
means of cultivating learners who think critically, act creatively, and engage ethically with
complex global challenges. It aligns with international imperatives while addressing local
needs for contextual relevance and inclusion. Embracing this paradigm enables life sciences
education to move beyond the transmission of knowledge toward the nurturing of curiosity,
imagination, and social consciousness—qualities essential not only for understanding the
world but for transforming it. In this way, the NOS-STEAM conceptual lens and the triadic
model contribute to broader curriculum futures debates by offering a theoretically grounded
and contextually responsive pathway for transformative life sciences education.
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