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Chapter 9 

Cultivating primary creativities in STEAM gardens 

Donald Gray and Laura Colucci-Gray with Louise Robertson 

Abstract 

Confronted with current global climatic challenges, educationalists are tasked to educate 

children for the future; however, the nature and quality of such education is contested, sitting 

at the interface between vertical discourses of education for economic growth, and horizontal 

discourses advocating education meeting children’s fundamental rights and needs. STEAM is 

a newly emerging construct aiming to bridge such apparent dichotomies through forms of 

contextualised and interdisciplinary learning. Specifically, this chapter will focus on the 

specific idea of STEAM gardens, as a hybrid curriculum construct emerging from the 

confluence of children’s geographies, contemporary studies on cognition and scholarship from 

arts and design. Drawing on current experiences in Scotland, this chapter will describe STEAM 

gardens as a new form of pedagogical innovation which re-positions knowledge and curriculum 

as inextricably linked to ‘space-making’, whereby ‘gardening’ resumes and exemplified modes 

of learning which are both academic and experiential, cognitive and sensorial, individual and 

relational. 

 

STEAM as a hybrid construct of disciplines and ways of knowing the world 

 

The acronym STEAM refers to the interplay and synergies that can be created from the 

dialogue and interpenetration amongst previously distinct subjects. The acronym emerged 

from the more commonly known acronym STEM, which stands for the disciplines of science, 

technology, engineering and mathematics, with the addition of the arts: 

 

Linguistically STEAM can be seen as an expansion of STEM, which is 

commonly referred to as the assemblage of scientific and technological 

disciplines driving the promise of economic growth and prosperity. The arts 

may lack a specific collocation and/or definition, ranging from specific forms 

of visual art (painting, drawing, photography, sculpture, media arts and 

design), to a variety of arts including visual, performing (dance, music and 

theatre), digital media, aesthetics and crafts, and widening even further to 

include the liberal arts and humanities disciplines. (Burnard and Colucci-Gray, 

2020, p. 1) 

 

The acronym STEAM is contested. The debate characteristically pertains to the position of 

the arts in relation to STEM subjects in the school curriculum. Specifically, STEM subjects in 

school belong to that category of curriculum associated with ‘vertical’ discourses of 
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education. The superiority of vertical discourse epitomised by the sciences, in comparison to 

horizontal discourses, associated with experience and craft, is based on claims about its truth 

or power.  In this view, the hybridity of STEAM is often seen as a re-assertion of the 

economic discourse in education, with the arts playing a subsidiary role to STEM, to enhance 

the appeal of scientific subjects and to develop creativity and innovation as a core twenty-

first-century skill. Conversely, Young and Muller (2013) propose a different conception of 

‘powerful’ knowledge, which they refer to as a form of specialised knowledge, requiring 

specialised institutions for its development and delivery. Powerful knowledge is thus 

‘knowledge that they [students] would not have access to at home or at work and knowledge 

that takes them beyond their experience’ (p. 231). By extension, schools can be empowering 

to the extent to which children are able to access this form of knowledge and its specialised 

delivery. In this view, the hybridity of STEAM could be a vehicle for securing a social 

position, for example by enhancing the prospects of future employment in the manual or craft 

industries. 

 

Such debates are particularly pertinent to this chapter, which focuses on the educational 

opportunity of children’s learning in the garden, which is in itself a hybrid, theory-practice 

and multi-disciplinary construct.  

 

Following Biesta (2015), the debate surrounding STEAM calls for an examination of the 

purposes of education. For example, the pressure to deliver knowledge for qualifications, or 

to socialise children into conforming behaviours and expectations, may overtake a third 

purpose, that of ‘subjectification’: ‘which has to do with the way in which children and young 

people come to exist as subjects of initiative and responsibility, rather than as objects of the 

actions of others’. (Biesta, 2015, p. 77)1 In this view, we are interested in STEAM gardens as 

a new concept for the cultivation of new educational sensitivities as they are emerging from 

the fields of sociology, anthropology, the arts and childhood studies, and calling for new 

understandings of children as subjects unfolding in a world in-the-making (Lenz Taguchi, 

2011).  Of particular relevance to this argument are also renovated understandings of 

creativity. We take the lead from Ingold (2014) who argues for a creativity that moves away 

from the consumerist focus on novelty and final products, as well as intellectualist notions of 

creativity as lying in the head, to one in which “the wellsprings of creativity lie […] in their 

attending upon a world in formation.” (p124). 
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This chapter will thus explore STEAM gardens as a form of education in which attention 

shifts away from subject disciplines to performative knowledge, one that is powerful not in 

the sense of asserting power hierarchies over other kinds of knowledge but in its being linked 

to action, with the potential to support and foster children’s creativities as being and 

becoming. This is the knowledge that is created by and through social and community 

exchanges, whereby the arts and sciences are integrated in practical problem solving and 

design activities, spanning several disciplines and seeking to stimulate children’s 

imagination, storytelling and critical thinking as a set of diverse and multiple creativities. The 

arts are viewed broadly, from visual and performance arts to craft skills, such as cooking or 

sowing, seeking to value cultural heritage and to develop school–community collaborations 

(Burnard & Colucci-Gray, 2020, p. 3). 

 

From these perspectives we will, in this chapter, endeavour to explore STEAM approaches in 

the garden as a way to develop new ways of thinking in education, rooted in the hybrid space 

between specialised curriculum knowledge and children’s everyday experiences, and 

resulting from the intra-action of these ways of knowing. As such, we will use the letters of 

the STEAM acronym to illustrate this shift from knowing about to living in the world, which 

arises from a repositioning of children vis-à-vis knowledge and experience. This also means 

shifting the priorities from a short-term economic agenda to longer-term future-oriented 

priorities for a safe and sustainable future, with a view to address the growing urgency to 

change our ways of thinking about our place on the planet in these uncertain and precarious 

times. 

 

Drawing on research from science studies, neurocognitive science, education and the arts, we 

will illustrate how new ideas can be built on already recognised practices of school gardens, 

to reinvigorate teaching with a vitality that can enable young people to renew their 

relationship with the Earth and the natural world, providing a more optimistic outlook for 

their unknown futures. 

 

The educational discourse of school gardens 

 

There is a resurgence in interest in school gardens worldwide, which has arisen in response to 

a range of drivers, from improving the health and wellbeing of children and communities to 

providing a context for meaningful learning, often with a focus on science learning (e.g. Gray 
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et al., 2019). Internationally, school gardens are viewed as the locus for a broad range of 

educational purposes and curriculum outcomes, offering the opportunity to connect schools 

and community and to adapt curricular planning to include holistic and experiential activities. 

Indeed gardens have long been recognised as hybrid spaces, incorporating both the artistic 

and scientific perspective, while at the same time instilling a love for nature, and a deep 

understanding of the interdependent relationships of all living beings, including humans. 

 

There is a long tradition of eminent philosophers and educationalists – such as Comenius, 

Froebel, Pestalozzi, Rousseau as well as Dewey – recognising the potential of gardens for the 

development of the affective and aesthetic dimensions of the self. Essential aspects often 

referred to are the importance of the senses and the particular, subjective experiences offered 

by garden-based learning. For example, Dewey (1928) acknowledged the potential of gardens 

for learning but also the distinction between what we would now call powerful and living 

knowledge. Comparing learning in gardens with the study of botany, he suggested that there 

is nothing in botany that could not be ‘introduced in a vital way with caring and growth of 

seeds’. Furthermore, such learning does not belong to a particular study called ‘botany’ but 

‘belongs to life’ and has a natural correlation with the ‘facts of soil, animal life, and human 

relations’. 

 

In the first instance, gardens offer children the opportunity to come into close proximity with 

‘nature’, although we make the distinction here between ‘wild’ nature and ‘cultivated’ nature. 

Gardens include both, in the sense that human interventions cultivate the garden, but the very 

cultivation of the garden depends on the activities of the pre-existing ‘wild’ nature, which is 

not controlled by the human cultivator. It is through an exploration of the act of cultivation – 

and the dependency on the ‘wild’ – that children learn about their creativities. Not as powers 

to impose a pre-defined schema, but as the expression of ‘skilled practice that brings forth the 

work, and of which it is an outcome, rather than in any set of designs or representations that 

precede it’ (Ingold, 2014, p. 134). It is indeed in the exercise of skilled practice, situated 

within the opportunities and constraints of time and space that children can learn about 

themselves as humans within the natural world and the multitude of interdependencies that 

exist in the soil, in the plants, in the air. How earthworms aerate the soil, how 

microorganisms decompose matter and recycle nutrients, how butterflies and bees transfer 

pollen and assist in the reproduction of plants. We do not view gardens as a miniature of 

large-scale farming (such as a lab experiment seeking to model a large-scale phenomenon for 
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closer analysis), but rather, as an evolving relationship with our own human nature. As stated 

by Miller (1993), ‘The garden matters to people because it “mediates” between various 

“oppositions that define human experience”, such as “man and nature” or “action and 

contemplation”’. In that sense, gardens are not simply an education about specific plant 

species and the rate at which they may be grown, but are also an education of ourselves, how 

we grow and the qualities we can develop. As mentioned earlier, this understanding of human 

nature in relation to and not separate from the nature of the garden also resonates with new 

understandings of creativity. Following Ingold (2014) the creativity of the garden does not 

begin or end with an idea in mind; and it is different from the creativity of a designer seeking 

to impose form onto an inert matter, but rather, it is the creativity of the designer and maker, 

one that ‘carries on through, without beginning or end’ (p. 126). It is in this sense that this 

chapter will refer to knowing and learning in the garden as living knowledge, as it grows with 

the actions of the children.  

 

From school gardens to STEAM gardens 

 

As mentioned already, gardens offer great potential for learning of different subjects, with 

these subjects usually located within the STEM disciplines (understanding life processes, 

measuring, construction, etc.), but also offering opportunities for the arts, such as drawing, 

painting and design, as well as providing inspiration for literacy and other forms of 

expressive arts using sound and movement. What we argue here is that, while each 

disciplinary area in itself can benefit from a garden-oriented approach, it is the synergy 

between the STEM and arts disciplines, which has the greatest potential for children’s 

engagement, through the integration of cognitive, physical and psychosocial development.  

In this chapter, we draw upon our experiences as two academics (Gray and Colucci-Gray), 

who have particular interests in science and sustainability issues, and a former headteacher 

and artist (Robertson), to integrate the theoretical and practical dimensions of STEM and the 

arts, which underpin the rationale for STEAM gardens, using pedagogical exemplars. Gray 

and Colucci-Gray have been working for the past three years in partnership with a social 

enterprise organisation, One Seed Forward, in establishing and developing gardens in 

regeneration areas in the city of Aberdeen, along with the development of educational 

materials (Gray et al., 2019). Robertson has considerable experience as a practising artist and 

former headteacher in primary schools incorporating arts activities into the development of 

the gardens within those schools. Here we draw upon our respective experiences to look at 
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the potential for science and arts activities in school gardens; specifically we consider how 

the synergy amongst these activities might be progressed to move from a focus on individual 

‘curriculum subjects’ or skills, to the emergence of a practical knowledge for living in the 

world. 

 

S: From soil science to the sensing soil  

 

In a landmark article published in the journal Ecology & Society, Rockstrom et al. (2009) 

identified nine ‘planetary boundaries’ within which human society must operate: the safe 

operating space for humanity. Of these nine, three levels have been trespassed: biodiversity 

loss and the biogeochemical flows of phosphorous and nitrogen. Many of these changes 

derive from large-scale industrial agriculture, with overuse of chemical fertilisers, herbicides 

and pesticides as well as other large-scale industrial processes linked to increasing human 

consumption. Yet, such problems are not solely scientific but require a cultural shift in 

practices as well as perspectives and institutions.  The question is what is the nature of such a 

shift and how do we go about engendering it for current and future generations? 

 

While scientific practice often tries to separate human experience from the phenomenon 

being investigated, this practice is also at the roots of a dualistic attitude in western culture, 

which separates intelligence and bodily experience, with science belonging to the realm of 

the intellect and the arts belonging to the realm of creativity and the senses (Burnard & 

Colucci-Gray, 2020). In the same vein, learning as part of school science occurs through the 

regimentation and limitation of the senses, as children are taught not to tamper or interfere 

with the outcomes of an experiment. For example, observation in the lab is reduced to simple 

visual observation of data as recorded by an instrument of some sort, perhaps a thermometer, 

a light meter or a balance for measuring weights. Occasionally, there may be more subjective, 

qualitative assessments, for example has it changed colour, does it feel smooth or rough? 

Such practices are set out to address the specific of ‘what is to be learnt’ (allegedly 

responding well to the educational purpose of achieving a qualification), but fail to develop a 

full sensory awareness of both the environment and the matter that is being observed. As 

such, the result is a limited, restricted understanding of the world in which children live and 

grow. It is important for children to bring their own experiences of the world around them to 

the science class. Only through attentive awareness of their surroundings will they be able to 
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draw out more meaning from the science and elaborate their experiences to a greater 

understanding, and application of, the other elements of STEM subjects.  

 

While gardens have historically been introduced in schools as a means to develop the 

teaching of science, and have been linked with the growing of food to encourage healthy 

eating and greater sensitivity to environmental matters, gardens are also recognised as arenas 

for artistic, aesthetic and sensorial practice. From this viewpoint, artistic practices can extend 

sensorial engagement.  Their purpose is to develop young people’s perceptions in such a way 

that they notice things, literally developing their sensitivity to observe and take cognisance of 

those aspects of experience which are more qualitative, subjective and serendipitously 

beautiful (e.g. the fleeting image of a melting snowflake on the ground or the water droplets 

on a spider web). Arguably, the integration of artistic sensitivity with a scientific purpose 

develops a more resilient and more attentive inquiring capability. Engaging the arts and 

science with the full engagement of the senses was pioneered by J. W. von Goethe in the 

eighteenth century in his phenomenological scientific method. He stated: ‘Insofar as he 

makes use of his healthy senses, the human being is the greatest and most precise scientific 

instrument that exists’ (Goethe, as quoted in Amrine, 1998, p. 37). And: ‘Every act of looking 

turns into observation, every act of observation into reflection, every act of reflection into 

associations; thus it is evident that we theorize every time we look carefully at the world’ (p. 

33). An important point is that much of Goethe’s method and his inspiration came from the 

work he conducted in his garden in Weimar, Germany. In this view, observing the soil does 

not equate to viewing something from the privileged and yet distant height of the human eye, 

but it legitimatises the primacy of the body in directing human attention. Such is the 

education of perception, by which we become practised in both paying attention and 

responding skilfully to salient aspects of our environment (Gibson 1979, p. 254, as cited in 

Ingold 2014, p. 135). 

 

Box 1: Soil art 

 

Compare two methods of examining soil. The first is the often-practised ‘soil in the jar’ 

investigation, where children will put a soil sample in a jar and shake it up, leaving the soil to 

settle over time. After several hours, or even days, the soil will have settled clearly into 

distinct zones: clay, silt and sand layers with organic matter, perhaps, floating on the surface. 
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Here the children are observers but are kept separate from the investigation itself. If we 

compare this with using the hands to feel the soil, the nose to smell the soil and even the ears 

to listen to the soil as it is rubbed through the fingers or dropped onto a surface, children will 

have a very different experience, a sensorial experience that stimulates their imagination: 

What does it smell like? What does it feel like? Why does it smell like this? Why does it feel 

like this? Why is it this colour? This texture? Starting from their sensory experience, children 

can investigate the different properties of soil through artistic experiments. The different 

pigmentation in a range of soils can be used to create paintings, which not only illustrate the 

specific characteristics of different soils but will also capture what was unique and 

serendipitously beautiful about that particular artefact and/or sample of soil. For example, 

understanding that clay is a type of soil leads on to the use of different soil types for 

modelling and construction, recognising how the creativity of human intellect developed and 

continues to develop in correspondence with the environment around us. 

 

 

T: From technology to time 

 

In a world where everything is fast – instant communication, emails, fast-food, fast transport, 

fast fashion – and schooling is determined by dates in the calendar, school term times and 

exam dates, all of which are mediated through a technology designed to ‘speed things up’, 

gardens and gardening remind us of the existence and the importance of different types of 

time. Miller (2010) uses the ancient Greek terms chronos and kairos to distinguish between 

two types of time. Chronos is the most familiar to us. It is measurable and sequential, divided 

into seconds, minutes, hours and days, the times of the day and the year. It is scientific time. 

Kairos, however, is the recognition of the appropriateness of time. It is the right or opportune 

moment for an event or an act. Children are invariably confronted with the first of these two 

forms of time: dates are set, times are given and we are programmed to do certain things at 

certain times, often without giving much thought to the appropriateness of the time. Central 

to the management of time is technology – in the form of transport or built into computer 

calendars. Technological artefacts unify the experience of time as a linear arrow proceeding 

from point A to point B. However, in the garden, kairos is paramount. Children soon become 

aware of the appropriateness of certain acts at certain times (for example picking a berry 

before time is directly experienced as sourness). Patience becomes a virtue for observing, 
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noticing and by extension learning. The pace of learning in a garden invariably becomes 

slower but slowness does not infer laziness, or tardiness. Slowness can be considered as 

appropriateness, as in tune with nature’s time, the ‘right’ time being that that aligns with the 

natural cycles and biorhythms of the planet. This has been recognised by the slow movement, 

which began with Slow Food in Italy as a counter to the MacDonald’s fast-food chains 

springing up around historical and cultural sites in Rome. Slow Food was the catalyst for a 

range of slow movements, which now encompasses areas such as slow travel, slow cities and 

slow education. In the garden, children begin to recognise that speed is not always necessary, 

or important. The appropriateness of acts and events at particular times is important. Compost 

takes time to develop; seeds must be planted at appropriate times, when the weather is 

appropriate (after frosts have passed) and not by the calendar or clock; germination cannot be 

rushed but can be nurtured by appropriate care and the right conditions. From this 

perspective, time is perceived as a multiplicity of different times, in the form of weather 

patterns, seasonal cycles, intensity and rhythms (e.g., the ‘tempo’ of the rainfall or of the 

sunlight in the course of a day or year). Observing the weather and the cycle of the days and 

seasons is thus a significant experience for children to both learn about and make sense of the 

experience of ‘time’.  

 

Box 2: Weather watchers 

 

In one of the schools we draw upon, children were involved in a weather watchers project, 

which developed over a whole school year. Here the children used rain gauges to measure the 

rainfall in the garden, thermometers to measure temperature and wind chimes to capture the 

wind. The scientific way of gathering information, the technical skills to set up the rain 

gauges and the use of mathematical skills to plot rainfall and temperature progressed hand in 

hand with the artistic skills of creating a weather map using a range of materials to make 

weather symbols. The children could draw upon their sensory experiences linked to features 

of the weather and the measurements they obtained over time to embrace a holistic 

understanding of weather. Taken a stage further they could map close observations of the 

development of the garden, plant growth and so on with the dominant weather features at 

particular points over the school year. Patience became a virtue and led to an understanding 

that kairos is as important, if not more so, than chronos. 
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E: From engineering to enactivism 

 

If we are charged with changing ways of thinking, as Rockstron et al. (2008) intimated, it is 

important first to consider what form of thinking may have contributed to our ecological 

dangers. In the sciences, perhaps the most pervasive idea for over three centuries, since the 

publication of Newton’s Mathematical principles of natural philosophy in 1687, is that nature 

operates on a mechanical model. According to this view, everything can be reduced to an 

understanding of its parts, which operate in a mechanical fashion, thus making prediction 

possible by analysing simple cause-and-effect relationships. While this mechanical and 

reductionist model of science has been extremely successful, today we recognise the 

limitations of such a paradigm, particularly when dealing with complex biological systems. In 

the twentieth century, new insights have become apparent which show that, while a 

mechanical model is possible in a closed simple system, it has fundamental flaws in an open 

dynamic system, which is the foundation on which nature and the Earth’s planetary systems 

operate.  

 

It could be said that modern education operates on the same principle as reductive science. It 

fragments learning into subjects, with each subject similarly disaggregated into small parts 

learned discretely and then tested in some form, whether by formative or summative tests or 

high-stakes examinations. That is not to suggest that there is no place for such learning; the 

idea of ‘bite-size chunks’ and similar strategies is firmly embedded in educational practice. In 

science teaching, however, this often consists of learning the ‘facts’ or a piecemeal approach 

to performing experiments, starting with a distinct hypothesis that is often detached and 

analysed separately from the context and wider relationships within which it is embedded. 

Education arguably developed into this form of practice as a result of policy directives which 

reduced the purpose of education to providing a productive workforce, with little regard for 

children’s wellbeing, nor for the impact that this may have on the life support systems of the 

planet (Gray et al., 2019).  

 

A key element to be considered when seeking to overturn this model of education and to 

cultivate children’s experiences in the garden is the very concept of learning, which is much 

more than the accumulation of abstract notions in the head. Recent research and thinking 

indicates that body–mind–environment interactions play a fundamental role in cognition 

(Gallagher & Lindgren, 2015), and movement and sensory engagement are important in this 
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process. This was recognised over one hundred years ago by John Dewey who would use the 

hyphenated body-mind to indicate the essential and integrated nature of the two:  

 

The forces are still powerful that make for centrifugal and divisive education. 

And the chief of these is, let it be repeated, the separation of mind and body … 

Thus the question of the integration of mind-body in action is the most 

practical of all questions we can ask of our civilization. (Dewey, 1928, p. 19) 

 

Here we should also point out that Dewey (1928) recognised the garden as a means to 

connect intellectual and practical elements within their curricula. However, it is important to 

note here that Dewey’s term ‘practical’ was not to be understood as the simple mapping of 

abstract ideas into the practical realm (or the verification of knowledge through an 

experiment for which the answer was already known). Quite the opposite in fact, practical 

engagement would expose children to the questions posed by the garden itself, arising from 

the myriad of interactions between the weather, the wild and the ability of the child to 

wonder.  

 

As Gallagher and Lindgren (2015) point out, learning is not a process of reproduction of 

external phenomena by symbolic representation in the head, but it is about the combination of 

sensorial and motile engagement of the body with the affective, emotional aspects in 

continuous interplay with the environment. In other words, what ‘enters’ our field of 

perception literally depends on ‘what we can do’ in that field of action-perception, in terms of 

its pragmatic meaning. This pragmatic dimension can thus lead to some important reflections 

about opportunities and constraints within any system, recognising one’s limits and reviewing 

personal choices and actions by acquiring metacognition. We are reminded of John Dewey 

(1926) in relation to creativity and resistance, as he refers to an ongoing dialectics ‘ between 

concrete practices and thinking’, and the formation of sustaining habits of both problem 

solving and  problem finding. 

 

Box 3: Shoebox gardens 

 

As part of a competition organised by One Seed Forward, children were invited to construct 

‘shoebox gardens’, the only condition being that such gardens should include some edible 
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plants. The task was not simply a cerebral process of figuring out what the final product 

would look like in terms of its size and dimensions, but it required manipulation of materials, 

both living and non-living, understanding of the relationships amongst the different elements, 

as well as knowledge of what the plants would require for growing. The shoebox gardens 

could be seen both as artistic creations, responding to aesthetic criteria of form and colour, as 

well as scientific models, displaying selected variables in interaction. From a pedagogical 

perspective, we recognise here the features of ‘design thinking’ – a central process of 

STEAM education – with its five key principles: defining/observing, empathising, 

visualising, creating prototypes, and testing/refining (Quigley & Herro, 2019). In two 

winning examples it is perhaps the empathetic element that is most striking. They connect the 

‘small story’ of the life cycle of the parsley plants and the flowers with a number of other, 

potentially ‘bigger stories’. For example, in a shoebox creation with model dinosaurs and 

parsley against a painted backdrop of blue sky and erupting volcanoes, there is the story of 

how the expansion of plants and the extinction of dinosaurs in the Carboniferous era led to 

the accumulation of biomass which we now access in the form of fossil fuels. Alternatively, 

in a miniature “fairy garden” with its mix of herbs and flowers, there is the story of what 

creatures may find their source of food from a plant of sorrel, beyond the scale of what 

humans are able to see, reach or experience. Through the process of making, these children 

acquired the ability to understand the life of materials, and their instrumental as well as their 

intrinsic value, as they made decisions about the entire life cycle of the shoebox garden, from 

its creation to its disposal.  

 

Enactivist theories have been recently discussed in the field of engineering education, as 

reported by Roth (2017), pointing out how ‘the work-related (hand, body) movements that 

build and manipulate artefacts, or sensing (hand) movements deployed during an 

investigation, later function as symbolic movements’ (p. 257). And in a similar vein, the field 

of mathematics education has taken an embodied cognition stance towards learning by 

recognising the link between abstract thinking and physical gestures (Roth, 2017). These 

ideas are converging with contributions from the field of childhood studies, pointing to the 

strong linkages between bodily actions, language and the imagination (Lenz Taguchi, 2011). 

 

Box 4: Garden logos 
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In another school supported by One Seed Forward, the children were asked to create logos for 

their new garden space. As artistic endeavours, the logos communicated content knowledge, 

showing that children are very aware of the need for sunshine and water, but they also 

recognise the value of butterflies and bees and a variety of plant species. These were only the 

beginnings of potential explorations as the pupils began their journey into the world of the 

soil, the plants and animals, and the intricate interactions between them. Yet, it was also the 

beginning of an embodied literacy, which incorporates nature experiences in the visual and 

expressive language of the children, thus pointing to the ideational function of artistic 

literacy. A range of activities can be devised that integrate STEM understanding and 

expressive arts, combining models, logos and enactive metaphors (Gallagher & Lindgren, 

2015) to reclaim the value of scientific literacy in schools not simply as the listing of facts but 

as the ability to give shape and form to the imagination.  

 

 

A: Aesthetic awareness in the Anthropocene 

 

As we enter further into the period of the Anthropocene, the human impact on the planet is 

becoming clearer and more devastating. We are not suggesting that an arts/science 

partnership will be a panacea for planetary ills, but it should result in individuals who have a 

more holistic outlook. As Wahl (2005) states: 

 

The artist’s gaze continuously shifts attention between the details of the 

phenomena and their impression as a whole. Artists intend to intuitively 

understand the intimate relationship between the part and the whole; to feel the 

interconnection that unites all detailed diversity into a dynamically 

transforming whole. (p. 61) 

 

As mentioned earlier, the artistic quality of perception was recognised by a number of 

eighteenth-century scientists, such as Alexander von Humboldt, J. W. von Goethe and Ernst 

Haeckel, who actively sought to integrate the arts with their scientific endeavours. With the 

term ‘aesthetic awareness’ we refer to the capability of ‘paying attention’, being the physical 

act of sensorial engagement with things entering the realm of our care and concern. In this 

way, we follow Biesta’s (2015) idea, mentioned earlier, of education as attending to the 
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purpose of ‘subjectification’, not in the sense of delivering individualised and personal 

learning packages, but rather in the sense of enabling the formation of the sense of oneself in 

ongoing communication with the world. In this view, becoming conscious of environmental 

issues is not so much a process of learning about environmental problems, or following 

behavioural guidelines for their solution, but it is about awareness of the role that the body 

plays in the development of the relation, that is, how bodies – humans and non-humans – 

relate together through the activity of learning. 

 

Box 5: Bug hotels and mini-beast games 

 

A classic example of environmental education activities aimed at learning about and 

preserving biodiversity is the construction of bug hotels, which were incorporated into the 

activities undertaken by children. In one of the schools supported by One Seed Forward the 

children were shown how to construct and assemble the materials for small bug hotels. In this 

process we note the incorporation of technological craft skills, such as sourcing, cutting and 

assembling of wooden logs, alongside an understanding of purpose, which incorporated 

creative design ideas from children themselves. In line with the principles of design-based 

thinking described earlier (see Box 3), this activity developed both specialised knowledge 

and skills in STEM while including the ideational, empathetic and communicative power of 

craft, telling a story about the children as scientists-designers-makers, and their close 

relationships with each other and with the subjects for whom the bug hotel was designed. 

 

 

 

Another example of aesthetic engagement in the garden led to the development of hand-

crafted games, which led to the discussion of the role that ladybirds and bees play in a 

garden, and the intricate networks that exist among all the mini-beasts to be found there. 

 

In these examples of craft-based learning we are not simply seeing the application of 

knowledge, but we are seeing the enactment of relational attention. As children design and 

empathise, they build stories for their characters and, in so doing, they make them part of 

their own lives. Such affective and aesthetic elements are powerfully formative moments in 

young children’s lives, and can be built on with ever more creative, expressive and 
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experimentative artistic approaches as they become older and transition into secondary 

school. 

 

M: From mathematics to mattering 

 

There is growing interest in the idea of a relational materialist approach to education, in 

which a recognition of the role of the body and our interactions with the material 

environment around us is fundamentally important in understanding how we come to know 

and to be (Lenz Taguchi, 2011). Lenz Taguchi (2011) explains that the relational materialist 

approach draws on the work of Karen Barad and through a relational materialist approach 

‘we read the world around us from our embodiedness, and being a part of the world, and 

being in an equal state among other organisms and matter’ (p. 40). Because of this, it is 

impossible to isolate knowing from being as they are mutually implicated. 

 

In essence, a relational materialist approach recognises the importance of the intra-action 

amongst different entities, each entity acting on another entity in a reciprocal way. The 

observer, the subject, is no longer deemed to be separate from what is being observed, the 

object, but intra-acts with the material being observed in a way which affects the observer 

and the observed. There is no ontological separation between subject and object, mind and 

body, knower and known: there is a constant coming into being through the intra-action, the 

ongoing relationship that affects both. 

 

From this perspective gardens have become an important context in which to explore the 

material encounters that children have and how this influences their learning and being. For 

example, by adopting ‘a relational materialist approach’ the focus shifts to the agential 

capacity of non-human forces as the primal force propelling children’s knowing through 

garden experiences (Lenz Taguchi, 2011; Gray et al., 2019). 

 

This mutual relationship between the child and the material of the garden can, we suggest, 

generate profound results. Miller (1993) talks about the virtues of gardening in which the 

activity of gardening improves both people and the land. The living and non-living material 

of the garden acts on the gardener just as the gardener acts on the garden, and both are 

improved. Moreover, as mentioned earlier, some consider the act of gardening to be artistic in 
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itself, enabling children to ‘see’ with new eyes and to find a new way of thinking about how 

they relate to the garden, to the natural world. 

 

Box 6: Garden matters in the school 

 

In the school led by Robertson the garden had grown to incorporate the vegetable growing 

space as well as the storytelling corner and the play area, with tables located in the garden for 

more specific activities of construction and observation. We note that the decorative potential 

of hand-crafted planters was linked to discussions around position (for sunlight) and the 

requirements for water and nutrients, followed by careful observation of growth and flower 

and seed production. Nevertheless, there was also the pleasure of harvesting a crop and 

collecting fresh flowers to take indoors. In such an integrated process of knowing the detail as 

well as being a part of the whole lies the power of STEAM gardens: they bring the child’s 

experiences to matter in the school by the act of redesigning the space in a way that responds 

to the child’s aesthetic engagement and movement. The garden physically matters as it is 

physically related to the body-mind.  

So, while there is much to do in the way of mathematics in the garden, such as measuring 

space, calculating areas, graphing growth patterns, weighing produce and so on, we see that 

matter comes to matter both through the reciprocal actions that each entity acts on the other, 

and through the development of shared experiences amongst participants, both human and 

non-human. Just as the fungal hyphae beneath our feet spread out for kilometres; just as the 

pollen is distributed by butterflies and bees beyond the garden gate, the seeds are spread by 

human hand, animal fur and faeces, and blown on the wind, the knowledge gained by 

children is enhanced through their imagination and creativity to encompass the worldwide 

web of planetary processes. Children are not shaped by the narrow confines of a single 

discipline, but the disciplines are porous and permeable, inviting ideas, creativity and 

imagination cultivated through deeper observation and aesthetic appreciation of the life forms 

around them. 

 

Conclusion. From the parts to the whole and back: Cultivating diverse creativities of 

children and gardens 
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We have in this chapter argued for the integration of STEM and arts disciplines in the context 

of the school gardens as a means to engender a radical shift from knowing as the acquisition 

of specialised knowledge to knowing as being. 

 

Specifically, we have drawn on the particular nature of the garden as both art and science, 

thus affording the opportunity for a plurality of educational experiences supporting an array 

of diverse creativities. A garden can be known scientifically, through the classification of 

plant and animal species and their particular properties and behaviours. However, the garden 

can also be known qualitatively for its artistic aspects, recognising that colour, pattern and 

design are integral dimensions of the garden’s own creative way of responding to the 

environment in which it takes its own form. A garden is never fixed but it actively changes its 

configuration in correspondence with the temperature, the weather, light and the seasons. 

Similarly, children attending to the garden also respond to the Earth’s changing patterns with 

their own undergoing of creativity (Ingold, 2014), in a continuously emerging process of 

becoming, responding to and with the ever-changing becomingness of the garden. As 

Burnard and Colucci-Gray (2020) state: ‘Future-making education needs to unravel, unsettle 

and rupture, to get underneath the skin of diverse and multiple creativities, in the uncertain 

terrain of unfamiliarity’ (p. 426). Such diverse creativities however are not neutral capacities, 

but they develop within and in between the constraints and the opportunities of a shared 

Earth. In the face of the current changing climate, we need to consider how our human-

constructed distinctive capacities, as well as delineated, disciplinary areas can be literally ‘put 

to work’ in a holistic and synergistic way. We need to be able to see the relationships and 

interdependencies amongst disciplines in the same way that we need to understand and feel 

the relationships and interdependencies within the natural world and our part in that complex 

web of life. Specifically, the STEAM garden is not a set of activities or simply a place for the 

application of curricular knowledge, but it is the expression of skilled practice, as Ingold 

(2014) defined it: ‘the capacity of living, growing things continually to surpass themselves’ 

(p. 128). 

 

We conclude with an invitation. It is our responsibility as educators, as parents, as guardians, 

as human beings, as residents of planet Earth, to strive towards a relational pedagogy that 

helps us and children to recognise how important our thinking and our behaviours are to the 

health of the only planet we have, and ultimately to our own health and wellbeing. 
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Unlocking research in practice: Provocations for group discussion 

 

1. In what way could we come together as a group of colleagues to co-plan for integrated 

learning opportunities in the school grounds/garden? 

2. In what way can we involve our pupils to co-design a school garden and co-plan for 

shared and meaningful learning outcomes? 

3. How can we use arts and craft to involve pupils in sensorial observation of their 

school environment?  

4. How can we create meaningful partnerships with community members to learn 

together and support the ongoing creativity of the school garden? 

5. How can we use arts and sciences in the garden to stimulate children’s awareness of 

time and their place in the natural systems? 
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