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Figure 0.1 � Embodied social and environmental interaction through tree-climbing. 
Photograph by Anastasia Shuraeva.
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Learning is embodied

Imagine some of the learning stages you have passed to reach the developmen-
tal level where you are today. From your time as an infant in the cradle, reach-
ing for the moving colours hanging from the mobile above your head, to the 
dinner situation where your hands struggled with finding the right mix of 
relaxation and tension handling cutlery while your family offered guidance and 
support, to the endless hours in the classroom, struggling with reading and 
writing among classmates to cope with the sound and vision of the alphabet.

However diverse, these learning activities entailed that you were in a par-
ticular location framed by a specific cultural and social intent, affording and 
allowing certain behaviours and specific physical actions involving concrete 
materials in the form of items and artefacts. In all stages, the common denomi-
nator was that learning occurred with and because of you inhabiting your 
body—and that this body was interacting and exchanging with concrete envi-
ronments and objects which co-constituted the learning. The reaching for 
distant colours, the challenge of the knife and fork, and the mastering of form-
ing meaningful words from sentences in a book occurred because you were 
there, situated, interacting with mobiles, cutlery, and sentences in books, 
investing your mind and body in both informal and formal tasks making sense 
socially. Even “seeing” is something you have learned since even if you had 
visual experiences as a baby, you did not know the meaning of what you saw 
until you experienced approaching objects or understood how perspectives 
change as you move through a room (Noë, 2006). Only through repeated 
interactions with, and embeddedness in particular environments, did you 
become familiar with, the world as you know it today (Bahrick & Lickliter, 
2002). This characterisation of learning and knowledge as experiential ele-
ments of lived life not only pertains to the early phases of an individual’s life 
but remains constitutive of learning and knowledge acquisition throughout 
life. Consequently, embodied aspects of learning are also pivotal to learning 
and teaching in school—the central topic of this anthology.

1	 Introduction to the anthology

Theresa Schilhab and Camilla Groth
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The science of embodied cognition

In contemporary cognitive science, the emphasis on embodied aspects of 
learning is on the increase. Within the last three decades, a new scientific field 
has emerged, termed “embodied cognition” (Varela et al., 1991). The name 
serves as an umbrella term for research revolving around cognitive topics like 
learning, thinking, understanding, knowledge, experience, and cognition from 
the perspective of the body. Consequently, the concept of “cognition” reaches 
far beyond what goes on in the head and applies to the much wider conception 
of what could be referred to as meaning-making. The field is highly multidis-
ciplinary and builds on, for example, anthropology, psychology, AI research, 
neuroscience, the brain sciences, linguistics, philosophy, and sociology 
(Barsalou, 2010). This “new” perspective is not just another perspective in 
cognitive science but a new understanding of how the human being is learn-
ing—this paradigm shift in cognitive sciences fundamentally changes the 
understanding of how learning happens. But what are the 4Es, and how does 
this perspective differ from other ways of thinking about learning, such as the 
cognitivist perspective that has formed the educational theory up until very 
recently? Embodied cognition views learning and knowledge as relational phe-
nomena in a living body resonating with its social and physical environment, 
illustrated by the diverse, imagined learning situations in the opening para-
graph of this chapter. Consequently, the essence of embodied cognition has 
been popularised under the name “the 4Es”: the mind is embodied, enacted, 
embedded, and extended (Menary, 2010; Newen et al., 2018; Wilson, 2002).

Embodied: Cognition is embodied in that it happens in the service of the 
body (Maturana & Varela, 1987). From an evolutionary perspective, cogni-
tion arose to preserve the body through and through. Thus, cognition is not 
to be viewed as the mental outcome of neural processing and cannot be iso-
lated from the body, which plays a constitutive role in learning (Deacon, 
2011). Consequently, educational practices need to be grounded in a thor-
ough understanding of the bodily nature of cognition (Kiefer & Trumpp, 
2012). Through social and material engagement, learners gain experiential 
knowledge and skills that are internalised and later automised and become 
second nature, such as walking or seeing.

Embedded: Cognition is always embedded and situated in a context that is 
consequently also affecting how something is learned. This may be a specific 
physical environment and/or a social context—for example, learning in nature 
will be different from learning inside a classroom. The community of other 
learners, teachers, and the general setting and traditions for learning also affect 
the situation of learning (Brown et al., 1989).

Enactive: Cognition emerges from or is constituted by sensorimotor activ-
ity (Noë, 2006).

Engagement with materials and technologies affects the nature of what is 
perceived, learned, and understood (Malafouris, 2013). This view is also 
closely related to a concept called the action-perception loop, which explains 
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the process of learning from previous experiences in an ecological sense. 
Through repetitive interactions with our social and material world, we learn to 
make more realistic expectations and better align our own behaviour and 
actions in future encounters with similar situations (Clark, 2013). Another 
strand of embodied cognition theories explains this through the concept of 
“affordances”. These are opportunities for actions that a person might utilise 
in their environment and that are usually—but not exclusively—presented as 
visual cues. Gibson’s (1979) ecological psychology, which lies behind the the-
ory of affordances, has been important for the development of embodied per-
spectives on cognition, as it is based on the organism’s active engagement with 
its environment. Thus, perception is not reduced to mere processing of incom-
ing information but is always already anticipating the information and what 
happens next at the level of the body (Barsalou, 2015; Rowlands, 2010).

Extended: Sometimes thinking about something in one’s head is not 
enough, and to help ourselves in a task, we may “off-load” cognitive load by 
using external aids. Cognition may be extended through technologies and 
tools such as writing or note-taking to remember something or the use of 
fingers when counting a complicated mathematical problem (Abrahamson & 
Lindgren, 2014). Digital technologies afford considerable opportunities for 
extending cognition beyond the body (Chemero, 2013; Clark & Chalmers, 
1998) but also fundamentally affect the quality and form of learning—for 
example, reading from a book may be quite different from reading on a screen.

The numerical claim lingering to the term “4E” is not to be taken literally, 
though. The paradigm is currently only at the brink of an established line of 
thought—a stage which the philosophers of science would label as pre-
paradigmatic and thus characterised by many conflicting views (Kuhn, 1962). 
Hence, embodied cognition proponents openly discuss to what extent the 
4E-label fits with and encompasses the entire field or whether more aspects 
should equally become enumerated. Some researchers argue for replacing 
extended with ecological, whereas others propose to add Es like emotion 
(affection) to the bunch.

However, inherent to the conjecture is that the 4Es are preconditioning all 
learning with no exceptions. Irrespective of whether the learning in question 
is basic (such as how to balance a cup, reach for mobiles, or learn to walk) or 
sophisticated (such as how to read or construct a persuasive argument), the 
4Es form the backdrop of the learning in question.

It is worth noting, however, that the 4Es—including putative future Es like 
ecology, emotion, and probably more—are co-involved and contribute to any 
learning activity, and cannot be viewed as occurrences in isolation. Also, 
extended mind learning does not exclusively pertain to mere interaction with 
external objects. Quite the opposite: extended learning, like using fingers 
when learning to count, becomes internalised mental processes that reduce 
introductory overt interactions to distant reminders of the material engage-
ment of the learning.
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The consequence is that even operations that would be thought of as “men-
tal” are embodied through and through. Not merely as a result of taking place 
in a mind in a body which is embedded and responding to both physical and 
social affordances but as a result of the content of the mental operation bear-
ing the mark of embodiment. For instance, when we think about a future 
birthday, our thoughts take their form from already experienced birthdays 
(Schacter et al., 2017). Abstract and rational thoughts, planning and hypoth-
esis creation, and fantasies and imagined futures all rest on embodied, directly 
experienced encounters with a highly material and sensory world.

This suggestion is quite radical when considering it to its full potential. 
Fundamentally, the body and its involvement with the world determines learn-
ing—also in those instances where apparent connections with the body seem 
absent, such as learning in virtual games or when controlling thoughts appar-
ently purely linguistically, as exemplified by reading.

Hence, when pupils read about universes, they have never experienced first-
hand—say, distant destinations or even places out of space—they must rely on 
their knowledge of the worlds they have already received (Klomberg et al., 
2022).

Embodied cognition means, in short, that the body gains a fundamental 
role in both cognising and learning, something that mainstream learning the-
ories have neglected to a large degree (Kiefer & Trumpp, 2012; Wilson, 
2002). However, even before the 4Es were developed, a few learning theorists 
have intuitively acknowledged the situated nature of learning (Brown et al., 
1989), and the experiential aspects and learning through doing (Dewey, 
1938). Socio-material learning theories have also, since Vygotsky (1978), 
acknowledged that learning is distributed into the social environment of the 
learner (see also Hutchins, 1995); the 4Es confirm much of these early learn-
ing theories.

Embodied cognition as a learning theory

As a learning theory, embodied cognition emphasises the impact of the pres-
ent and the perspective of the body. There cannot exist a view from nowhere. 
All learning is through and through embodied, perceptual, biased, and senso-
rially rich, involving and evolving the learner and the world to an extent that 
transgresses traditionally conjectured boundaries. When we learn in the now—
be it how to cook a bowl of rice, how to sew a pair of trousers, how to com-
pute the division of numbers, or how to interpret the Shakespeare drama of 
King Lear—we are situated bodies using present and previous experiences to 
cope with the next steps.

However, emphasis on the embodiment perspective does not accentuate 
the now in the sense one might suspect: that the historical and the cultural 
aspects of human life are downplayed. According to an article by the emo-
tional psychologist Louise F. Barrett (2009), each moment of our “mental 
now” draws on three different sources—namely, sensations of our 
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surroundings, sensations of our interior, and our memory. Consequently, in 
the embodied cognition perspective, the extended and embedded mind is also 
about how the sociocultural works by allowing, affording, and subsequently 
cultivating particular behaviours and endeavours, thus creating and condition-
ing the paths we have trod and will tread in future.

However, the educational system—e.g., teachers, schoolmasters, and school 
politicians—is not sufficiently informed about the potentialities and implica-
tions of this insight at the curricular level. This book seeks to amend this.

Rationale for the anthology

When addressing the operationalisation of 4E into educational contexts, one 
way to begin is to explore the implications of the 4E approach for learning in 
school. Which consequences for teaching should we derive from reconsidering 
the role of the enactive body embedded in the social and physical environment 
interacting with tools and artefacts? Acknowledging that the embodied cogni-
tion approach is still an emerging framework typically motivated by proof of 
concept, few scholars have crossed the bridge between embodied cognition 
and teaching to search for take-home messages relevant to teachers and edu-
cational practitioners (Macrine & Fugate, 2022).

Therefore, this anthology aims to establish this new field in the wake of 4E 
cognition—EmLearning—that integrates embodied cognition perspectives 
with education using the 4E approach as a guiding principle. The objective is 
to explore the implications of the approach—i.e., that learning is based on 
experiences, is highly perceptual, embodied, situated, and interactional in the 
sense of involving interactions with materials and the physical and social 
surroundings.

The current compilation takes this challenge seriously. From the perspec-
tive of traditional school disciplines—reading, second language learning, tech-
nological literacy, science learning, and learning through making—the reader 
learns about the potentialities and challenges of pursuing teaching and learn-
ing in school from the embodied cognition stance.

A few notes relating to the content of the anthology are worth considering. 
First, teaching how to read and write receives relatively more attention, as 
these skills precondition most other school subjects. Hence, the first section of 
chapters provides a general approach to embodied cognition in language 
acquisition, whereas the following sections contain chapters directed at read-
ing and writing, nature, science and technology, and the aesthetic and practical 
disciplines.

Second, due to the broad range of disciplines among contributing authors, 
different interpretations of the central terms exist. While some authors build 
on a phenomenological heritage when discussing embodiment perspectives, 
others refer to anthropological associations or are neurobiologically inspired. 
These are separate philosophical and scientific positions with quite distinct 
implications. Therefore, most authors explicitly address which kind of 
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embodied cognition position their chapter endorses and most of them also 
write explicitly how their theme connects to the 4Es.

Given the uncertainty within embodied cognition about a finite set of Es, 
in this anthology, we acknowledge that more embodied aspects are likely to be 
specified in the near future by introducing the notion 4E(+). With this move, 
we allow for additional Es to contribute to charting the landscape and acknowl-
edge that reality never conforms to artificial categories. It always bulges out of 
the form so insistingly cast upon it by the analytic propensities of the human 
mind to simplify and control. This more inclusive approach seems feasible to 
adopt when establishing EmLearning as a field in its own right, focusing on 
challenges and prospects from the educational and teacher points of view.

It is our ambition to inspire you, as a teacher, to adopt an embodied per-
spective in your teaching practices. With this compilation of chapters, we invite 
you to explore where and how to find embodied aspects of teaching. We also 
hope to support you in finding new trajectories that accommodate embodied 
cognition learning in your pupils by providing case examples and reframing 
the learning in terms of 4E. Our objectives are to stimulate and inspire a play-
ful and accommodating way of teaching that improves learning opportunities 
for learners—especially those who have been challenged by traditional teach-
ing strategies—and to enrich the teaching profession with a more humane and 
adaptive mindset that delivers more rewarding solutions to tasks.

Anthology structure

We set the scene of the anthology with Lydia Kokkola’s chapter 2 “Languages 
are grounded in the body”, a comprehensive introduction to a range of funda-
mental associations of language with the body. Kokkola presents updated 
knowledge on the phylogenetic evidence of the development of language 
capacities and touches upon studies addressing conceptual metaphors. Kokkola 
also explains how bodily interactions in a social and cultural environment 
underlie meaning-making in language activities and unfold how, for example, 
second language teachers can benefit.

The chapter 3 “Exploring reading aloud events through embodied learning: 
impacts on early literacy” by Theresa Schilhab, Gitte Balling, and Gertrud 
Lynge Esbensen, operationalises several of the associations between language 
and embodiment discussed in the opening chapter. The authors conjecture 
that the benefits of reading aloud for early literacy in preschoolers can be 
explained using the 4E(+)s as backbone structure. The unfolding also leads to 
a model charting reading aloud processes to be adopted by practitioners.

Pauline von Bonsdorff and Aila Marjomäki present a comparable use of 4E 
principles in primary school in their chapter 4 “Inclusive language teaching”. 
Through examples from Finnish primary schools, this chapter discusses how 
the 4E principles can be implemented in inclusive language teaching. Bonsdorff 
and Marjomäki report from two reading courses that show structure with 
plenty of room for children’s individual and self-organised group work while the 
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teachers’ enable the learners’ literary analyses and storytelling. The authors 
unfold how the courses, among other things, also supported positive cascades of 
learning and personal growth in the pupils.

The chapter 5 by Sarah Bro Trasmundi and Anne Mangen, “Substrates, dis-
plays, technologies, and texts: embodied, experiential reading”, continues the 
unfolding of relations between language and embodied cognition perspec-
tives, now zooming in on reading activities in particular. Contemporary 
research of new digital reading platforms has led to reconceptualisations of 
reading using embodied cognition perspectives. This seems particularly prom-
ising as it renews the status of material affordances of the media or artefacts in 
reading. It also redefines reading as an embodied, multisensory engagement 
with a text.

In the chapter 6 “Embodied learning with and through different writing 
methods” by Satu-Maarit Korte and Minna Körkkö, the impact of changed 
writing affordances is empirically explored. The chapter refers to studies that 
examine differences in memorising written texts amongst children, adoles-
cents, and adults when handwriting or typing on a laptop, tablet computer, or 
smartphone. The chapter reflects on the results to formulate practical instruc-
tional recommendations for teachers.

Kristiane Hauer takes up the thread of embodied reading to discuss how to 
best accommodate long-form silent reading in the chapter 7 “Long-form 
silent reading in the contemporary classroom”. The chapter presents empirical 
cases from primary and secondary schools in Denmark to address the chal-
lenges pupils face when engaging in long-form silent reading. The chapter 
summarises the findings by formulating practices that promote pupils’ experi-
ences of success.

Juan Toro and Sarah Bro Trasmundi’s chapter 8 “Education in the cognitivist and 
embodied paradigms. Why won’t my students read?” is similarly directed at the 
challenges confronting reading pupils. In this chapter, the teacher’s furnishing of 
the reading situation is analysed. Toro and Trasmundi conjecture that inaccurate 
ideas pertaining to the reading process, inspired by cognitivist conceptions, have 
led to counter-productive reading didactics, leaving demotivated pupils in their 
wake. They turn to the embodied cognition perspective to build more ecologically 
valid and sustainable reading didactics.

In the chapter 9 “Thinking through hands in education”, Camilla Groth and 
Marte S. Gulliksen offer a coherent theorisation about how thinking is a pro-
cess that rests on a sensory connection with the world. Special attention is paid 
to hands and learning through making and the “sense-making” that takes 
place in material engagement. The chapter presents examples from the craft 
practices and expands on how the processes offered by material engagement 
help students gain resilience, patience, and problem-solving skills that are also 
relevant to other school disciplines.
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Lovise Søyland picks up on a number of theoretical points made by Groth and 
Gulliksen in her chapter 10 “why whole-body drawing still matters in our digi-
tal age”. Through autobiographical explorations, Søyland reflects on how a 
person’s thinking is mediated through material interaction and specifically 
explores how drawing may be seen as a way of thinking. In her whole-body 
drawing experiences over a few days in the freezing temperatures of Norway, 
we become first-row spectators to the merging of the body with charcoal, 
paper, and thought. Søyland concludes by offering implications for 
education.

In the chapter 11 “Apprenticeship as a model for teaching and learning in 
formal education,” Camilla Groth argues for the benefits of contextualisation 
of the practices learned in the formal classroom setting. Groth highlights the 
situated qualities of apprenticeship and discusses these in light of embodied 
cognition theory. To unfold their implications for teaching, Groth uses a case 
in clay throwing based on her expertise and her online teaching of students 
during the COVID-19 pandemic. The chapter embraces both the embodi-
ment inherent to apprenticeship and the potential of new technologies to 
import some of the situatedness to the classroom through live video 
connections.

The chapter 12 “Conceptualising technology-enhanced embodied pedagogy” 
by Satu-Maarit Korte and Minna Körkkö reflects on the potential of techno-
logical solutions in primary school in light of embodied cognition aspects. 
Based on two significant cases, the chapter unfolds and explains how techno-
logical solutions can motivate and inspire by, for instance, stimulating agency 
and pupils’ ownership of their learning. The authors summarise their reflec-
tions in a model which operationalises the potency of technology when used 
ingeniously.

Gertrud Lynge Esbensen, Theresa Schilhab, and Gitte Balling follow up on 
the previous chapter to take the association between embodied cognition and 
smart technology use to the outdoors in “smart technology in nature-based 
learning—embodied and situated processes”. The chapter 13  explores nature-
based teaching through smart technology use, from the perspective of embod-
ied and situated cognition as a means to simultaneously stimulate 
nature-connectedness and technological literacy. The authors also discuss 
which challenges to consider when using smart technology to promote experi-
ences of nature

In the chapter “How nature-like artworks induce perceptual processes benefit-
ting education in general and science education in particular” by Theresa 
Schilhab, the focus is on perceptual processes as important precursors for 
learning in general and for science learning in particular. Based on the author’s 
reflections on an exhibition and art teaching practices at an arts centre, the 
chapter discusses to what extent experiencing nature-based artworks stimu-
lates and cultivates perceptual processes and how these may depart from per-
ceptual processes that occur in nature
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Alexander Refsum Jensenius’ chapter 15 “Embodied music learning” pres-
ents the term “musicking” using the embodied cognition framework. The 
chapter outlines different ways we may relate to musical activities, from a 
theoretical understanding of music, to actively listening, through to actual 
music-making. Further, Jensenius addresses how music education in school 
may become more embodied when adopting more interactive and flexible 
attitudes to musicking, and perhaps also using contemporary music tech-
nologies. He corroborates his assertions by sharing how he developed his 
own embodied didactics with his students.

Gunn Helene Engelsrud focuses on the integrity of the individual in her chap-
ter 16 “Teaching and learning in physical education teacher education” from 
the perspective of “bodily resonances” and “letting be”. Engelsrud addresses 
the subjective space between the teacher and the pupil as something the teacher 
can inhabit when opening themselves to the first-person experience of the 
pupil. The chapter presents the idea that education and the learner’s personal 
development and formation can benefit from working with emotional and 
embodied tacit processes at the level of the individual pupil and thus challenges 
the “one-size-fits-all” kind of classroom teaching.

The chapter 17 “Embodied learning in interaction: the case of aikido” by 
Susanne Ravn discusses specific instances of resonating with the other using 
the case of practising the martial arts form aikido. Ravn explores several of the 
processes presented in the former chapter in an actual intersubjective encoun-
ter between actors. Through her own experiences of aikido, Ravn’s case unfolds 
how practitioners develop their skills and abilities to participate not only in 
relation to, but through, the movement of the other.

In chapter 18, Camilla Groth and Theresa Schilhab sum up the take home 
messages of the preceeding chapters to frame the contours of the emerging 
field of EmLearning. The chapter concludes with a check list with the dual aim 
of creating an overview of the topic and nudging the readers to embody 
Emlearning in their own practices.
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The existence of many different languages has led to the suggestion that word-
meaning connections are arbitrary. This is partly true, but from the perspective 
of language learning, the embedding of languages in a particular context and 
its enactment by the community are more important. Analyses of language in 
use reveal that seemingly “arbitrary” expressions are less random than they 
might appear. The phenomena known as “conceptual metaphors” reveal how 
language is used to extend thinking. Many conceptual metaphors are con-
nected to how the human mind-body functions. The chapter concludes with 
a few comments on the implications of the aforementioned for education.

The evolution of the first language

The human body has evolved to learn the languages heard in the infant’s envi-
ronment. Unlike for reading, history, geography, or many other school sub-
jects that require extensive experience to achieve mastery, our bodies evolved 
to learn languages. This learning begins prior to birth. Newborns are able to 
distinguish the cadences of their mothers’ voices (Bader-Rusch, 2003; Moon 
et al., 2013). Infants’ hearing systems quickly learn to recognise, discriminate, 
and categorise sounds that are present in their environment, which results in 
less attention being paid to sounds that are not meaningful (e.g., Imada et al., 
2006). At 2 years, they can produce novel utterances, and by 5, they can com-
municate information about the here and now, recall the past, and hypothesise 
about the future. Only extreme disability and/or abuse can prevent a child 
from learning their first language. The same cannot be said of second language 
acquisition, which is characterised by significant individual variation (e.g., 
Cook, 2016, pp. 135–54; Ellis, 2004). Adult immigrants who learn a lan-
guage after puberty frequently “sound foreign” in terms of both pronuncia-
tion and grammar, whereas their young children do not. Such differences 
indicate that young children have richer perceptual detectors than adults but 
also that such openness is not efficient in the long term. Honing the percep-
tual field down to the language(s) encountered in early childhood can be 
assumed to have an evolutionary advantage, not least because of the strong 
social bonds that are formed and maintained through language.

2	 Languages are grounded in 
the body

Lydia Kokkola
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Noam Chomsky’s attempts to explain this phenomenon in the 1960s had a 
significant impact on the field of linguistics (for a summary, see Chomsky, 
2002). Chomsky was fascinated by children’s production of grammatical forms 
they had never heard, as this indicates that language is not learned solely 
through imitation. He proposed that humans are born with a “Language 
Acquisition Device” (LAD) which enables infants to latch onto specific features 
of the languages in their surroundings. He further proposed that there must be 
a Universal Grammar (UG) underlying all languages, which the LAD is 
designed to detect. The concept of the LAD was inspired by the appearance of 
computers. Chomsky’s idea was that the infant brain has a sensitivity to certain 
phonetic, grammatical, syntactical, and semantic features. A limited number of 
examples suffice to “throw a switch” in the LAD that would enable them to 
learn rapidly. His studies of children’s grammatical development, known as 
“generative grammar”, were partially aimed at uncovering UG. We now know 
that there is no neurological evidence to support the existence of the LAD 
(Kauppinen, 2020, pp. 193–7). As Michael Arbib (2012, pp. 285–6) explains,

[T]he very diversity of human language makes it clear that, whatever the 
extent of biologically based universals that may unite human languages, 
most of what defines any specific language is rooted in a cultural, rather 
than biological, process of historical evolution.

However, he claims that the human brain evolved to be “language ready” 
(Arbib, 2002, p. 24). Studies of children’s grammar have proven useful for 
both educators and phonologists, but innatist claims following Chomsky are 
unsupported by evidence.

More productive evolutionary accounts of language acquisition draw on two 
different kinds of data. One is to investigate archaeological (i.e., skeletal and 
fossilised) remains to investigate the impact of language on the body. Given the 
vital role of the throat for breathing and eating, using it for language can be 
considered a high-risk activity. Archaeological remains indicate that language 
emerged around 100,000 years ago and can be seen in changes in the throat 
mechanisms (Donald, 1999; Kauppinen, 2020, pp. 193–7). Interestingly, this 
bodily change is still visible today in the second type of evidence used to sup-
port evolutionary theories: comparisons between primate bodies. Newborn 
humans, like monkeys, have a larynx that is lower than the larynxes of people 
who can speak. They need to learn to swallow without choking (hence the need 
to pat babies’ backs after feeding). Fairly rapidly, babies learn to separate the 
different functions of the throat, thereby allowing language to emerge.

A number of evolutionary theorists have compared the development of 
babies with other primates. Giacamo Rizzolatti and Corrado Sinigaglia (2008), 
as well as Arbib (2012), have focused on the mutuality of gestures, actions, 
and emotions, as well as neurological evidence to propose the mirror system 
hypothesis. This hypothesis proposes that mirror neurons allow all primates to 
learn by imitating, but only humans are capable of the level of imitation needed 
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to support the breakthrough into language. Michael Tomasello (2019) noted 
that children are better at copying than chimpanzees. He describes his theory 
as “new Vygotskian” as he highlights the role of interaction in learning, iden-
tifying what he terms the “9-month revolution” when infants start to use their 
hands to point out things they want information about—e.g., noticing a toy 
(Tomasello, 2019). From an embodied perspective, the key point about the 
studies comparing primates is that human language emerges in the context of 
a broad range of gestures, non-words (e.g., “uh oh”), exaggerated facial 
expressions, and joint attention. Language emerges after initial communica-
tion has been established through a sequence starting with turn-taking (e.g., 
mutual gaze, smiling, laughing), gesture (e.g., pointing to identify a shared 
point of attention), pantomime (e.g., acting out a routine associated with 
going to bed), and protosign (conventionalised gestures, such as blowing to 
indicate that the food is hot). In short, words (protospeech) emerge in a con-
text where the whole body is being used to communicate. It is first shared and 
then gradually develops as a tool for thinking.

The evolutionary advantages of human language are obvious. While many 
animals and birds can communicate what is happening in the here and now 
(e.g., warnings that predators are coming), few animals seem able to commu-
nicate information about past events. (Many species mourn, which indicates 
the capacity to reflect on the past.) “Deferred imitation”—acting out an event 
that happened earlier—starts to appear in children’s play from about their first 
birthday. Although infants may imitate behaviours (e.g., actions related to 
their sleeping routine) earlier, at the age of 1, children begin to playfully imi-
tate behaviours which they know are “wrong”, such as a change in the sleeping 
routine and then laugh to show that they know this is “wrong”. This type of 
play appears to be a prerequisite for language development.

Language as embodied, embedded, enactive, and extended

In the previous section, I rejected what is known as the code metaphor. This 
term describes the belief that language is somehow “inside” us and/or that 
the brain produces linguistic forms. Adopting a 4E approach to language 
requires researchers to examine how the whole human body in its lived envi-
ronment produces meaning through language, and also how language extends 
our possibilities for meaning-making beyond the here and now. Stephen 
Cowley (2014) summarises:

[E]mbodiment links phenomenal experience to verbal patterns as, dur-
ing ontogenesis, humans become actor-observers. In so doing, speaking 
and cooperating come under a degree of collective control. People gain 
skills in using a multi-scalar linguistic resource that allows embodiment 
to evoke impersonal products as people manage later events.

(p. 2)
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Cowley highlights the human body acting in the world, but as already noted, 
language also changes the body. Evolutionary archaeologists have discerned 
when pre-humans began to use language from its impact on bodily remains. 
The lowering and enlarging of the larynx are embodied features of language 
that can be detected from remains. Other changes in the body are also evident, 
for instance, the lengthening of the vocal cords during puberty, resulting in a 
slightly deeper voice that is easier to hear. These changes also limit the range 
of sounds a person can hear and produce, which is the key reason why it is so 
difficult to gain “native-like” pronunciation in a language learned post-puberty. 
There is a two-directional embodied process: the body produces language, 
and language production shapes the body.

Language is also embedded in a rich context of shared attention, gestures, 
and other bodily movements. In Learning How to Mean, Michael Halliday 
(1975) highlighted the child’s active role in this process. His empirical evi-
dence showed how early language is divided into functional units rather than 
grammatical units. These functional units are typically a combination of vocal 
utterances and gestures: the child might grab a hand to mean “come here” and 
use their own words to ask for drinks or a specific game. Conversation emerges 
as the child offers a sound in a gestural context, and the adult responds by 
extending the speech and providing the desired action.

Language is enacted as caretakers treat the infant as a conversational part-
ner, combining voice, gesture, gaze, and contact with the surroundings. At 
around 12–14 months, infants develop the capacity to use language to move 
beyond the here and now, recalling events in the past, anticipating events in 
the future, and expressing humour through deliberate misalignment.

Once language has developed to the extent that it can refer beyond the set-
ting, language can extend cognition, making it possible to think about abstract 
concepts. Literacy extends cognition even further, partly because it reduces 
pressure on the memory systems and partly because it is more precise. 
Becoming literate also changes our bodies: The pathways in the brain are 
affected by learning to read (Wolf, 2008). For instance, learning that the let-
ters p, b, d, and q are discrete involves overcoming object permanence that 
allows us to recognise physical objects irrespective of the angle from which it 
is viewed. This capacity for extending cognition by producing permanent lan-
guage (writing) is worth celebrating but has distracted attention from the fully 
embodied, embedded, and enactive aspects of language.

The 4E nature of language not only affects the way in which it is learned 
but is also evident in how it is used (e.g., Matheson & Barsalou, 2018). 
Languages are symbolic systems that enable humans to extend cognition 
through time and context. Early work by Ferdinand de Saussure (1916/2011) 
drew attention to the arbitrary nature of the connection between the form of 
a word, known as the “signifier” (e.g., “open”), and the concept it represents 
(e.g., the shop is open for business). The arbitrary nature of language is also 
evident in the existence of many languages. Instead of the word “open”, the 
card on a shop door might read “auki”, “öppen”, or “offen”, or show a green 
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square. The mirror system hypothesis summarised earlier accounts for this 
through the grounding of language in communicative situations. As the shop 
sign example shows, language is embedded in a context, often one that allows 
thinking beyond the here and now (the shop is open at this moment when the 
sign is visible but will cease to be open at some point in the future).

The capacity of languages to extend cognition is evident in abstract con-
cepts. Abstract concepts, by definition, cannot be touched, seen, tasted, heard, 
or smelled, and yet we have words for “freedom”, “guilt”, and “angular 
momentum”, which allow these concepts to be communicated. When com-
municating abstract ideas, individuals typically use concrete situations or 
examples (Barsalou & Wiemer-Hastings, 2005). Some of these may, quite lit-
erally, involve the body. For instance, when talking about “angular momen-
tum”, a speaker may shape their hand to form a particular angle and then move 
it. Teachers who pay attention to their use of such gestures can communicate 
mathematical concepts more easily, and encouraging pupils to do the same 
improves learning (e.g., Nathan, 2022, pp. 66–8). Combining mathematics 
education—especially geometry, fractions, and symmetry—with dance has 
proven effective (Senior, 2016). In addition to thinking about how bodily 
movements might be used to improve education on seemingly abstract topics, 
4E research into human languages has revealed a great deal about how abstract 
concepts are formed, as well as how they are processed and communicated.

Language in use: Conceptual metaphors and categorisation 
systems

Markus Kiefer and Natalie Trumpp (2012) reject the dichotomy between con-
crete and abstract concepts to argue that “abstract concepts are embedded 
into concrete situations that express the content of the abstract concept” (p. 
19). One of their examples is “guilt”, a concept experienced in the body as an 
emotional state. Guilt is described as “weighing a person down”, as having a 
“load” on our shoulders. The internal experience of guilt is experienced and 
communicated through concrete analogies. As such, languages are neither 
entirely symbolic nor fully arbitrary because they are grounded in the body.

The grounding of language in the body has been extensively investigated in 
relation to conceptual metaphors. A conceptual metaphor (or “cognitive met-
aphor”) refers to the understanding of a concept through analogy to some-
thing from another domain. One of Saussure’s (1916/2011, pp. 88–9) classic 
metaphors describes language in terms of chess (see also Geeraerts, 2009, pp. 
48–50). Chess pieces are symbolic: We cannot determine the rules of play 
from observing the pieces. Even when we know the rules, the behaviours of 
each piece are determined by the context of other pieces. For language, “each 
linguistic term derives its value from its opposition to all the other terms”, and 
“the system is always momentary; it varies from one position to the next” 
(Saussure, 1916/2011, p. 89). This metaphor makes the limited nature of 
arbitrariness accessible: Each chess piece can only move in a restricted number 
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of ways. However, we should also note how the metaphor fails: The aim of 
chess is to beat one’s opponent. The aims of language production are decid-
edly more varied.

The chess metaphor draws attention to itself as an artificial comparison. 
However, most embodied metaphors are so naturalised, we do not even notice 
that they are metaphors. For example, nine-tenths of the population is right-
handed, and so the word that means “right” also means “correct” in many 
languages. In contrast, “left” is often associated with somewhat negative ideas 
(e.g., “left over”, “left out”). Research into extended metaphors by, most 
notably, George Lakoff and Mark Johnson (1980) indicates that language 
draws heavily on bodily experiences to conceptualise abstract ideas. As Lakoff 
explains, “[R]eason has a bodily basis” (1987, p. xi). Claims building on this 
line of enquiry are fundamentally experiential (for an overview, see Haser, 
2005, pp. 4–7). The underlying idea is that humans imaginatively exploit the 
knowledge they gain from bodily experiences to conceptualise abstract ideas. 
For instance, the decimal system is an abstraction based on the physiology of 
the digits on our hands. In cognitive linguistics, attention is drawn less to the 
decimal system and more towards the use of the term “digit” to refer to both 
a number and to a finger or thumb. These conflations—metaphors—provide 
lines of enquiry into how we think.

As indicated by the title of Lakoff’s Women, Fire, and Dangerous Things: 
What Categories Reveal About the Mind (1987), all forms of categorisation 
(not only metaphor and metonymy) provide insight into how ideas are pro-
cessed. This is sometimes referred to as “prototype theory”, which recognises 
that some items within any given category are central, while others are border-
line. For example, “apple” is a prototypical example of the category “fruit”, 
but “tomato” lies on the border between “fruit” and “vegetable”. Note how 
both “fruit” and “vegetable” are defined by experiences of eating. Nuts and 
mushrooms are also edible and produced for the same purposes as apples, but 
we tend not to think of them as prototypical examples of either fruit or vege-
tables. “Toadstools” are distinguished from “mushrooms” primarily on the 
basis of the human digestive system, not the features of the fungi. Moreover, 
Lakoff observes how rapidly the human mind endeavours to produce classifi-
cations. The title of his book appears to have a random list of words—women, 
fire, and dangerous things—but we read the list as suggesting that these items 
have something in common: “the chain of inference—from conjunction to 
categorisation to commonality—is the norm” (Lakoff, 1987, p. 5). Later, he 
discusses Dyirbal (an Aboriginal Australian language) which does have a cate-
gory that combines these things: “balan” (pp. 92–104). As fascinating as his 
discussion of Dyirbal is, the important point in terms of understanding how 
language is grounded in the body is not that this is a category that exists in a 
natural language but rather the rapid chain of inference among non-Dyirbal 
speakers. Simply placing the words in a list causes us to seek commonalities 
and conclude that the speaker considers women to be fiery and dangerous.
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Lakoff notes that although many of our categories appear to be based on 
the things that are being classified, “a large proportion of our categories are 
not categories of things; they are categories of abstract entities” such as the 
palatability of mushrooms and toadstools (1987, p. 6). If we accept that our 
categories do indeed reveal how the mind works, the importance of political 
correctness in speech becomes more urgent. Take, for example, the widespread 
metaphor that light is good and dark is bad (e.g., “Her face lit up” vs “I 
was in a dark place”). Humans have poor night vision, and so darkness is a 
time of elevated risk. Thus the metaphor appears to be driven by relevant, real 
human experiences. However, the categorisation system of the mind can also 
affect how we interpret what we see. Studies of visual perception demonstrate 
that what we see is determined by our mindset (Balcetis, 2006; Balcetis & 
Lassiter, 2010). So while light is good and dark is bad may make sense in 
relation to daylight, the extension of the metaphor into other areas can be 
problematic. For instance, describing a person as “fair” could either mean that 
they are honest or that they have light-coloured hair. Language affects what we 
pay attention to.

The experiential approach to understanding how metaphors function has 
been challenged by, amongst others, Verena Haser (2005). One of her con-
cerns is that Lakoff and Johnson’s ideas can be falsified by evidence, such as 
the existence of competing metaphors. For instance, she challenges the 
metaphor theories are buildings by noting that one can refer to a key 
proponent of the theory as a “father” or as “fathering” the theory (Haser, 
2005, pp. 216–24). Haser is correct in her assertion that all metaphors 
break down. A theory is not actually a building; light (or its absence) has no 
moral value; chess and language are not the same. Cognitive linguists fol-
lowing Lakoff and Johnson do not suggest that metaphors are fixed; they 
simply highlight the tendency to use bodily experiences to communicate 
abstract ideas.

Haser’s critique is most valuable in her call for empirical evidence that might 
allow the hypotheses to be falsified. Raymond Gibbs and his colleagues have 
found innovative ways to provide such evidence. As they explain,

Empirical research is needed to establish connections between embodi-
ment and metaphor in thought and language. Only by explicitly attempt-
ing to find how patterns of embodied experience relate to metaphoric 
thought and language, and doing this in a way that a hypothesis can, in 
principle, be falsified, can a strong case be made for, or against, embod-
ied metaphor. … Yet there is a large amount of empirical evidence from 
linguistics and psychology that demonstrates how metaphor gains much 
of its conceptual and expressive power from the systematic mappings of 
embodied source domains onto more abstract target domains of 
experience.

(Gibbs et al., 2004, p. 1207)



22  Lydia Kokkola

Empirical evidence of the kind Gibbs et al. and Haser call for has been provided 
by Madalina Bucur and Costanza Papagno (2021). They produced a meta-
analysis of 32 studies using brain activation imaging to investigate whether 
different parts of the brain were used to process abstract and concrete concepts. 
Their study deliberately excluded literal and figurative sentences, and focused 
exclusively on the data related to single words (verbs and nouns). Their cluster 
analyses of the areas activated in response to individual words demonstrate at 
least partially segregated brain areas for concrete or abstract processing; this 
segregation was strongest for nouns. This was surprising because so much of 
language combines the concrete with the abstract. For instance, the words 
“chair”, “tree”, and “ball” appear to be concrete, but they can also be used in 
an abstract sense: “chairing a meeting”, “tree diagram”, and “having a ball”.

Bucur and Papagno removed literal and figurative sentences from the data, 
which may explain their findings. Accounts of how polysemous words and 
metaphorical language are processed are needed. For instance, Raposo et al. 
(2009) found clear neurological differences in the processing of “kick the ball” 
and “kick the bucket”: Processing the former indicated activation in the sen-
sorimotor system, whereas processing the latter did not. Their example is par-
ticularly interesting in that it is perfectly possible to kick a bucket. The idiom 
originates from kicking a bucket under a condemned man on the gallows, 
thereby causing him to hang from the noose. However, the phrase is more 
commonly used today as a coarse way to describe a person’s death, and thus 
“kicking” in this context has little to do with the actions of the feet, with the 
result that the brain activation in response to the phrase does not stimulate the 
sensorimotor system.

Implications for education

Studies of how languages emerged and how children learn languages empha-
sise the role of the whole body in meaning-making through language. The 
main takeaway from this for both L1 and L2 language education is that sepa-
rating words and grammatical forms from their embedded, enacted contexts 
lowers children’s chances of success. When a caretaker reads a book to a child, 
they will adjust their reading to the child’s responses, enacting through their 
voice, touch, and gaze while the book provides additional visual support. 
When the level of enactment is lowered—for instance, when listening to a 
recording of a book—the quality of the communication is lowered. The chal-
lenge for language teachers, especially L2 teachers who must model a language 
culture that is not their own, is to find ways to impart as much of the addi-
tional information as possible.

The second takeaway from evolutionary accounts of language learning 
relates to the way maturation reduces the enabling conditions for language 
learning. Infants rapidly learn to focus their attention on salient aspects of the 
language in their surroundings and dismiss what Arbib refers to as “ignorable 
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details” (2012, p. 291). As a result, by the time children start school, their 
perception skills have already narrowed, and this process continues through to 
puberty. Post-pubertal learners find it very difficult to perceive aspects of a 
language that are salient in the target language but not in the speakers’ L1. On 
a policy level, this finding supports plans for the early introduction of L2 edu-
cation. On an individual level, teachers will need to focus on exercises that 
help learners perceive those aspects of the language that are only salient in the 
target language.

The research on how abstract language is grounded in the body also has 
implications for education. Metaphors and categorisation practices reveal that 
abstract ideas are deeply grounded in our experiences of the world through 
the senses. Using gestures that draw on these connections (e.g., shaping the 
hands to form angles when teaching mathematics) helps children learn more 
efficiently, and for children to learn to make such bodily connections them-
selves is even more effective (Nathan, 2022).

Research that starts at the other end—investigating language—indicates 
that although words may be stored differently, accessing and using language 
inevitably leads to more complex scenarios in which the sensorimotor system 
is involved in meaning-making. The willingness of humans to seek connec-
tions between seemingly disparate concepts (such as women, fire, and danger-
ous things) when they are presented as a list can be used to promote imaginative, 
critical thinking but may inadvertently lead people to form inappropriate con-
nections. Both these findings are important for textbook designers and teach-
ers planning classroom activities.
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Introductory scene

Preschoolers are seated in a half circle around an adult in a corner of the room 
decorated to support ear and eye contact. It is filled with soft, coloured pillows 
to cosy up against and invite relaxed moments. The teacher is about to read 
aloud a story about a young frog doing cheeky things like colouring books 
without permission and bathing the mobile phone because it is dirty. The 
children know that once they are seated, the teacher reads and points to illus-
trations and asks them questions relating to the text. The teacher has arranged 
for colleagues to take care of those children who declined to participate. The 
teacher looks forward to the story, conversations, and various associations 
offered by the children. When they reach the crux of the story—the use of 
crayons in forbidden places—one child will definitely talk about her little 
brother entering her room without permission, another about her last drawing 
and why she likes water colouring, and a third will share thoughts about a 
snake taking the place of the frog and being just as cheeky.

The teacher enjoys reading to the children and knows the story by heart. 
She modulates her voice according to the storyline. She has practised her sassy 
tone when speaking as the frog, and the children are thrilled. Her voice deep-
ens when she impersonates the story’s stressed schoolteacher who tries to save 
the book from the frog’s colour attack. After the reading-aloud session, the 
children repeat selected sentences and speak about being sassy and how funny 
it is that the teacher’s hair stands up straight in the air when he shouts and 
scolds the frog for misbehaving.

Introduction

The embodied cognition approach assumes that competent language use in 
conversations and reading emerges from first-person experiences with real 
phenomena (e.g., Pulvermüller, 2005). Accordingly, the language competen-
cies at play when we—for example—exchange words with others, talk to 
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ourselves, and read on our own originate from lived experiences (Klomberg 
et al., 2022).

Following this line of thinking, throughout life, we attribute meaning to 
utterances, conversations, and texts based on previous and current experi-
ences. These experiences are characterised by situated learning in social and 
physical contexts that involve meaningful verbal and non-verbal actions and 
interactions (Kontra et al., 2012). Since experiential processes dominate com-
petent language use, we are urged to re-conceptualise which didactic tools to 
select when teaching pupils to read.

Following the embodied cognition approach, when pupils learn to read, 
their experiences become important in two distinct dimensions: (1) as part of 
the physicality of the reading process that is, where we are, what we do, and 
how we feel when we read and (2) as part of attributing meaning to the text 
(Mangen & Schilhab, 2012; Schilhab et al., 2018). We advocate that we can 
illuminate both dimensions if we consider reading to be embodied, enacted, 
embedded, and extended—the 4Es (see also, Kravchenko, 2021).

Both dimensions—i.e., the physicality and the meaningfulness of reading—
are to some extent recognised by contemporary reading research on pre-
literacy reading. In the last four decades, reading researchers have studied the 
significance of reading aloud events for early literacy development (e.g., 
Altwerger et al., 1985; Ninio & Bruner, 1976). Studies of reading aloud, 
shared reading, and other forms of literacy events show that these types of 
events are largely social and cultural and take meaning from their environ-
ment. In this sense, they underline that learning to read is highly situated.

Books and shared reading are of significant importance for the develop-
ment of reading comprehension and vocabulary as books present a wider 
vocabulary than experienced in ordinary conversations (Mol et al., 2008). 
Reading aloud events are not about giving a precise reading of a specific book 
but rather stimulating the child to participate and interact in the practice. The 
book-sharing dialogue includes asking open-ended questions and encouraging 
the child to participate. By involving the child, the adult can combine the 
labelling of objects in the book with the child’s own life experiences, creating 
a more personal context for comprehension. During reading, the adult is able 
to fine-tune the conversation, adding the information the child needs to create 
a meaningful understanding of the text. As the child develops a more complex 
understanding and vocabulary, the adult begins to pay more attention to the 
text and through emphases and pauses invites the child to join in the reading. 
Recent research points at reading aloud as an event that involves not only 
words and sounds but also rhythms, rhymes, and gestures, which engage the 
bodies of both reader and child (Hedemark & Lindberg, 2018). Thus, the act 
of reading is an embodied event where literacy practice becomes inscribed in 
the body of the child.

Whereas contemporary reading research acknowledges that learning to 
read can be viewed as a social practice, aspects like embodiment, enactment, 
and extendedness seem less well understood. Moreover, the social practice 
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position under-describes how children change from attributing meaning in 
lived practices to creating imaginary universes based on texts.

In this chapter, we detail the situatedness of reading-aloud events to show 
how 4E aspects inform reading-aloud practices. We argue that the 4E frame-
work provides powerful tools to understand how reading aloud may facilitate 
a child’s leap from focusing on concrete objects in the environment to objects 
of their minds. We present a model for five central domains that emerge when 
we frame a reading-aloud event using a 4E understanding. The model serves 
to explicate and demonstrate the embodied depth of a reading-aloud situation 
and condenses the insight gained from 4E into a tool that can assist pedagogi-
cal choices.

From online to offline meaning attribution

According to 4E studies on language acquisition, when toddlers initially learn 
to master the referential aspect of language—e.g., that the notion “apple” 
refers to an edible fruit—the phenomena or items referred to by concepts are 
often at the centre of practices and conversations (Pulvermüller, 2005). For 
example, infants and toddlers learn how to verbally greet others—e.g., parents, 
siblings, friends, or strangers—as part of an elaborate greeting practice that 
imbues the verbal act with meaning (Wehberg et al., 2007).

Hence, listening to the word “greeting” includes senso-motoric processes 
associated with the typical greeting practice (Barsalou, 2009). These might be 
the sight of family members wearing overcoats, carrying umbrellas, holding 
car keys, or entering the hall; the sound of opening and closing the door; 
phrases like “bye” and the interoceptive feeling of waving and smiling. During 
acquisition, the mental processes are thus “online”, which signifies that the 
meaning-making is distributed across individuals, items, and the environment 
in the now and therefore involves co-processing of the environment, percep-
tual activity, enactment, and so on (Wilson, 2002).

Later, children also master linguistic referencing and understand “greeting” 
without the simultaneous experience of concurrent greeting practices. A friend 
may refer to a meeting with another friend in conversation, and a teacher may 
refer to the “cultural meeting” between immigrants and indigenous peoples in 
a historical context. In such cases, the processes sustaining the mentalising are 
“offline” since meaning-making processes rely more on remembrance and less 
on momentary perception and interactions with the environment (Klomberg 
et al., 2022).

The 4E approach suggests that these offline linguistic processes involve 
imagining activities. Hence, understanding the sentence “the ranger saw an 
eagle in its nest” depends on the simulation of the lived practices in which this 
sentence would make sense (Zwaan et al., 2002). However, bringing forth 
explicit memories and feelings of what is the case when using words like 
“greeting” tax executive functions (e.g., Diamond, 2013). These functions are 
necessary for building and sustaining the offline imagining and for inhibiting 
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interfering thoughts or stimulations that would distract. Adequate executive 
function activity has been found to correlate with improved learning and life 
satisfaction and can be exercised in learning environments that stimulate chil-
dren’s capacities for imagery and concentration (Diamond & Ling, 2016). 
Rich experiences with simulating are crucial for proficient readers since read-
ing depends on the creation of “situation models”—mental representations 
created by the reader of the setting or events described in a text (Therriault & 
Rinck, 2007).

In the following section, we discuss the reading-aloud event described in 
the introductory scene. As part of the session, the adult reader demonstrates 
the reading practice, creates meaningful reading sessions, poses as a role model, 
and sustains the early readers’ exploration of the cognitive challenge of offline 
meaning-making. In other words, the modelled reading-aloud event articu-
lates and conceptualises the different embodied aspects which pertain to online 
and offline linguistic practices. Therefore, the model can be used to obtain an 
overview of how each of the domains is thought to contribute to early literacy 
and which should be pursued in an actual reading-aloud session.

Reading aloud in light of the 4Es

An ideal reading-aloud event can be described in terms of five domains 
informed by the 4Es. These domains constitute embodied practices in which 
perceiving bodies that interact with the social and material dimensions of the 
event mix online and offline processing when they participate. The domains 
are labelled social embeddedness, physical embeddedness, materiality and mean-
ing of language, joint space, and cognitive processes. Figure 3.1 presents the 
model for reading aloud that we have developed based on the 4E perspective 
(see also Schilhab, 2023a, 2023b).

The five domains are all under the influence of the 4E aspects. While some 
4E aspects may be more relevant in characterising one domain than another, 
all domains contain mixed elements of embeddedness, extendedness, enact-
ment, and embodiment. The interrelated nature of the domains may make it 
difficult to tease out in actual reading events; however, articulation and analy-
sis will assist in identifying which domains preschool teachers who read aloud 
are employing or could potentially endorse.

First domain: Social embeddedness

Children are highly susceptible to both their social and physical environments. 
Building on Vygotsky, the anthropologist Hasse develops the concept “social 
designation” to identify processes where more experienced peers identify and 
teach children cultural meaning in everyday life: verbally and with body signs 
and actions (Hasse, 2015). When readers handle a book as part of the reading 
process, they simultaneously demonstrate the value attributed to books and 
reading. This applies to the entire reading situation and connects to the 
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reader’s status as a role model. It matters whether they are seated in a comfort-
able chair, dwell on particular words and illustrations, prioritise the reading 
above other tasks, and so on. It matters that the reader invites children to a 
reading event as a particular and socially significant activity. The reader’s mind-
set and actions demonstrate that reading is an important and distinctive activ-
ity determined by particular routines and embraced with particular care and 
concentration. The embodied activity of the reading adult can be imitated in 
ways similar to how they act in an eating situation, sleeping situation, play situ-
ation, and greeting situation.

The reader’s actions in relation to the text have similar meaning-making 
connotations. The reader might, for example, signify the meaning of the words 
and sentences by modulating their voice in accordance with the content, lin-
gering on or displaying interest in certain expressions, and pausing in selected 
places to provide the listener with time to dwell on and absorb the situation.

Second domain: Physical embeddedness

The actions of the role model and the reading situation also occupy a 
physical space with included objects. The reading platform might be a 

Figure 3.1 � An ideal reading-aloud event can be described in terms of five domains 
informed by the 4Es. The domains are labelled social embeddedness, physical 
embeddedness, materiality and meaning of language, joint space, and cogni-
tive processes.
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book with or without illustrations, a fold-out book with pop-up cardboard 
figures, or a tablet or phone with an app including technology-based and 
multimodal functions.

The surroundings might be a secluded room with dim lights and no win-
dows. It can take the form of a circle on the floor with sack pillows or a bed or 
sofa with velvety pillows. Cake and juice might be served, or eating is prohib-
ited. The reader might also include puppets or other props, be dressed spec-
tacularly, decorate the room with candles or tree branches, or play classical 
music or birdsong as an ambient soundscape.

Thus, the materiality of the physical space can be used to support the con-
tent of the text and the reading event through staging and externalisation of 
the associations and internal movements stirred up by the entire situation 
(e.g., Glenberg, 2008). In these instances, the physical embeddedness also 
works to extend the mind as material points for memorisation processes.

Third domain: The materiality and meaning of language

In a reading-aloud event, language appears both as a material object that can 
be perceived through the senses and that which gives rise to meaning. The 
former refers to the size of vocabulary and how the sounds relate to the alpha-
bet and written words, as well as what can be said grammatically or not. 
Authors are expert writers, so part of the reading-aloud experience is exposing 
children to original ways of stringing words and sentences together. The mate-
rial dimension of language is also about rhyme and rhythm. For example, a 
child may learn that texts differ from ordinary speech by, for example, belong-
ing to a certain genre. The listener, therefore, becomes familiar with different 
narrative structures such as fairy tales, horror stories, fables, and so on.

The other aspect of language learning is meaning, where the focus is on 
what the words correspond to in the world. A child may learn that language 
designates “worlds” that do not necessarily exist: stories about counterfactual 
realities and of cheeky frogs who draw, and stories like Alice in Wonderland, 
which do not follow real-world logic but follow rules nevertheless.

Language as meaning can be used to open up insights into the imaginary 
worlds of others. Through the world of the naughty frog, a child becomes 
familiar with how it feels to be cheeky and what consequences it might entail.

Fourth domain: Joint space

In a reading situation, a shared experience is established around a common 
third (e.g., Ruch et al., 2017) constituted by the adult’s voice acting, illustra-
tions, the children’s attention, and the conversations elicited. The experience 
gravitates around the presence of the reader and their practices and props, and 
the invested minds of the children. They meet in joint attention when the 
reader slowly orchestrates the unfolding of the story while meeting their gaze. 
The reader’s glance alternates between the pages they read and eye contact 
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with their listeners. Within this room of joint attention, a safe space arises: joy, 
thrills, laughs, misunderstandings, associations, intuitions, and feelings are 
welcome. The space is characterised by following a time of its own. The nooks 
and crannies of the children’s minds are stirred up by the entire setting, and 
the reader’s care for premature ideas and associations can be viewed as a play-
ground for imagining what is read. Here, the adult must behave calmly and 
assertively, acknowledging ideas that pop up and inviting a meaning negotia-
tion; these occurrences may signify the very first step to interpreting story 
worlds.

Ideally, the children ask questions, present ideas, and associate with previ-
ous experiences or fragments they have heard. They are supported in practis-
ing the use of language understandably and competently. They explore what 
mental acts are needed to access relevant experiences, memories, and associa-
tions. Within the joint attention dimension, children learn culturally approved 
ways of placing their bodies when adults read to them and how and when it is 
accepted to speak during the activity. This learning process begins while the 
toddler sits on a caregiver’s lap or stands beside the caregiver while they explore 
a picture book together.

Fifth domain: Cognitive processes

The joint space exists as the sensation of meeting and being met by others in 
a world that is ethereal and fragile—but real. It may be carried by the cush-
ioned interior, the bodily manifestations, the practices and pitch height of 
peers, and the spirited presence of everyone in the room. But it takes a particu-
lar form characterised by the willingness of the adult and children to enter an 
imaginary world ignited by the author’s narrative.

In this space, there is room for practising finding “relevant” associations 
and formulating them so that they appear relevant. However, these actions 
have a mental side, which can be more or less guided by the reader. Through 
the joint space, the child is provided the opportunity to “taste” ideas that seem 
intuitively relevant, why they feel relevant, how to transform an intuitive feel-
ing into words shared by others, and so on. The child is also guided to reject 
associations and sensations as irrelevant when the narrator appears as a qualify-
ing “soundboard” when either actively reinforcing or downplaying the child’s 
responses.

This dimension is described in part by the concept of “derived embodi-
ment” introduced by Schilhab (e.g., 2011, 2015, 2017). Derived embodiment 
occurs when language users, through linguistic exchanges with knowledgeable 
peers, acquire abstract ideas and knowledge about phenomena and occurrences 
they have no first-hand experience with. It is through the spectator/respondent 
dyad that learners practise how to access, create, and reenact appropriate imagin-
ings. As Schilhab argued, these quite delicate mental activities rely heavily on 
social interactions in which peers help endorse, shape, and cultivate the learner’s 
imaginative creations through joint attention processes.
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Constraints and qualities of the event

Many of the dimensions of a reading-aloud event—such as increasing vocabu-
lary, learning turn-taking, and being guided to reflect on particular experi-
ences—are associated with other activities, for example, ordinary conversations. 
So, what makes a reading-aloud event special and didactically important?

Firstly, not all reading-aloud events are productive in the sense discussed 
here, which is why we operate with an “ideal reading-aloud event”. Its success 
depends on access to a quiet space, a teacher who is comfortable with reading 
and performing in front of children, the quality of the narrative, as well as how 
familiar children are with being read to. According to Gulløv (2014, p. 32),

Children who are used to looking at books and having stories read aloud 
to them are more eager to participate when staff members begin to read 
to the group. Children not trained to listen often lose interest and will 
soon leave the activity, looking for more engaging things to do. They 
prefer to play with children who, like themselves, have no at-home expe-
riences with reading.

Nevertheless, we argue that in the ideal situation, the space established by the 
teacher and the children has its very own qualities not found in other “joint 
attention” spaces. Compare, for example, joint attention involved in a “put-
on-the raincoat-because-we-have-to-go-out” situation. The focus here is for 
the child to find the rainwear and get dressed in the right way within a reason-
able time so that the waiting time for others is minimised. In the reading-
aloud space, there is time and space for associations, i.e., thoughts and wild 
inventions that can be tested on the adult. Often, the narrative has certain 
material qualities—the story is set in otherworldly places and follows an untyp-
ical logic, which affords linguistic exchanges that challenge children to fanta-
sise and explore their experiences, intuitions, and thoughts. Such journeys are 
seldom welcome at the table, under transport, when learning to swim or doing 
homework.

Thus, a reading-aloud event with its joint attention focus is particularly use-
ful for cultivating children’s executive functions and abilities to grasp meanings 
without concrete objects.
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Introduction

This chapter explores how language learning in primary school can be 
enhanced through an approach that affirms the embodied, enactive, embed-
ded, and extended character of language. Here, “language learning” refers not 
just to learning a new language or expanding one’s command of grammar and 
vocabulary in any language but to the ongoing process of developing, elabo-
rating, and refining language as a personal means of expression. We believe a 
holistic, multimodal mode is the default mode of children’s spontaneous com-
munication and adult communication alike. Humans communicate out of a 
fundamental desire to share and explore. We speak because we have something 
to say and want to make contact and because we are curious.

While language is an instrument for thought and communication, it is also 
more: a structure that supports us, an environment we inhabit (Merleau-
Ponty, 1945/1992, 1969/1995a, 2001; von Bonsdorff, 2015). Moreover, 
language is not the same as thinking, nor does it provide transparent access to 
thought. While language provides rich opportunities for expression and com-
munication, it also offers resistance. From this perspective, marks of hesitation, 
fragmented sentences, breaking rules of grammar, or introducing new, non-
normative expressions can be seen as meaningful communicative gestures 
rather than failures or faults.

Through examples from a Finnish primary school, we shall discuss what a 
holistic 4E approach can mean in practices of teaching and learning language. 
This approach is important when working with children and youth because 
the formation and transformation of self and world through communication 
are especially pertinent in this period of life. From a platform of phenomeno-
logical philosophy and 4E research, we present ways of implementing the 4E 
principles “embodied, enactive, embedded, and extended” in educational con-
texts with young people.

We combine philosophical and theoretical perspectives with insights from 
the classroom. While Pauline von Bonsdorff carries the main responsibility for 
theory, practice is provided by Aila Marjomäki, who worked as a teacher in 
special education from 1987 to 2019 with research breaks during 2006–10. 
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Pauline von Bonsdorff and Aila Marjomäki
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That said, we have influenced each other’s thinking through conversations 
over the years, not least in the research project Spaces for Children (Academy 
of Finland, 2007–10). After her research break, Marjomäki revised her teach-
ing and developed new methods with teacher colleagues, described in the 
section titled “Explorations”. Our understanding of how a 4E approach can be 
implemented thus stems importantly from a participatory, dialogic, action 
research perspective. This leads to a grounded view of how the 4E principles 
can contribute to school, not just in teaching and learning but also in support-
ing personal growth in the school community.

Exposition

Here, we present some starting points for a 4E approach to teaching language 
in schools. We use Maurice Merleau-Ponty’s (1908–61) philosophy of lan-
guage as a backbone, complemented with more recent research. In our view, 
this contributes to a deeper understanding of the 4Es, their interrelations, and 
implications for teaching and learning language.

Merleau-Ponty, best known for his philosophy of perception and embodi-
ment, is often mentioned in theories of embodied cognition and learning. His 
philosophy of language, although an integral part of his thinking, is less well 
known. Much of it was only posthumously published (e.g., Merleau-Ponty, 
1969/1995a). Merleau-Ponty discussed language in his philosophy of percep-
tion (1945/1992) and in reflections on the individual style of philosophers 
and authors, and explored language as co-constituting structures and styles of 
being (1966, 1964/1995b, 2001, p. 65). In addition, he was interested in 
language acquisition and emphasised the continuity between early non-verbal 
vocalisations and verbal expressions, pointing out that vocal communicative 
intentions exist before words (2001, 18–9).

As a first starting point for 4E approaches, language is extended. Following 
Merleau-Ponty, language is a structure of the world as we experience it (the 
lifeworld), which is formed through cultural practices, knowledge, and belief 
systems. The relationship between persons, their lifeworlds, and language is 
intimate and inseparable while also dynamic. Our mother tongue is especially 
and inextricably part of what we are rather than just a possession, e.g., a sign 
system, that we use. Moreover, although experiences can be primarily visual, 
musical, kinaesthetic, emotional, etc., rather than linguistic, we share and 
communicate them through language, either as such or to complement other 
media. In that sense, language reaches everywhere and can map our whole 
world, while that world cannot be reduced to language only. Hence, language 
is always already an extended system involved in all forms of knowing and 
communicating. At the same time, it is not the only means of coming to know 
but operates alongside others.

Next, language is both embodied and enactive. Following Merleau-Ponty, 
these aspects are intimately connected. He emphasises that language, like per-
ception, is dynamic and based in our innate desire to act, explore, and 
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communicate (cf. Trevarthen, 2001). More than an instrument, and like the 
body, language is a capacity for action (von Bonsdorff, 2015, p. 107). 
Consequently, for Merleau-Ponty, language is primarily speech or utterances 
(parole), whether spoken or written, and only secondarily a fixed system of 
signs and grammar (langue). The primacy of speech and the will to communi-
cate is connected to how an infant learns its mother tongue: initially a sound-
scape with expressive form which gradually, through interactions, becomes 
structured and internalised as language (Merleau-Ponty, 2001, pp. 17–22). As 
we indicate in this chapter, an approach that affirms and builds on the desire 
to communicate is fruitful in the school context.

In Merleau-Ponty, the embodied and enactive character of language is 
intrinsically tied to its expressive dimension, to the desire to say something and 
find the right expression. This is about personal intentions rather than correct 
language and about language as mine, my utterances (parole), not language as 
a general system (langue). It is precisely in the effort to express something 
personal and specific that meaning is born, and a self simultaneously articu-
lated (cf. von Bonsdorff, 2015, p. 108). Yet expression for Merleau-Ponty 
does not come from a supposed “inner” self but is, rather, a modulation of the 
medium (language) and of the speaker: “a modulation simultaneously of the 
world and of our existence” (Merleau-Ponty, 1945/1992, p. 214, 1969/1995a, 
2011; von Bonsdorff, 2015, p. 103).

The effort to speak is connected to gesture on many levels. “The spoken 
word is a real gesture, and it has meaning of its own, just as gesture has”, writes 
Merleau-Ponty (1945/1992, p. 214). Words are part of our “phonetic ges-
ticulation” in seeking the right expression—a gesticulation that reaches 
towards memory and imagination (von Bonsdorff, 2015, pp. 106–7; cf. 
Wittgenstein, 2009). In addition to speech as gesture, bodily gestures play a 
role in accompanying speech. David McNeill has shown the inseparability of 
hand movements and speech: gesture and speech are simultaneous and inter-
dependent. Gesture “orchestrates” speech, being more than illustration: it 
helps the speaker articulate their ideas and find the right verbal expressions 
(McNeill, 2016). Merleau-Ponty points to the importance of the gestural 
dimension in shared situations: I participate “in a sort of blind recognition” 
that precedes interpretation (1945/1992, p. 216).

If there is a close relationship between embodied and enactive, as suggested, 
there is also one between enactive and embedded. For Merleau-Ponty, the body 
“opens me to the world and places me in a situation” (1945/1992, p. 192). 
Enactivists emphasise the social dimension of learning, including “participa-
tory sense-making” (Dierckxsens & Bergmann, 2022, p. 300). This points to 
how any individual is part of—i.e., embedded in—groups. Similarly, linguistic 
meaning is grasped in shared situations and contexts of language use (Merleau-
Ponty, 1945/1992, p. 209, 2001, pp. 36, 47, 53; cf. Engelland, 2014, Reddy, 
2008 and Trevarthen, 2011). In bilingual families, embeddedness can be 
experienced concretely, as when my toddler son referred to “how Mummy 
speaks” and “how Daddy speaks” instead of saying “Swedish” and “Finnish”. 
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The close relationship between one’s group and language is also manifested in 
children’s secret, sometimes clandestine, languages.

“Enactive” indicates a dynamic direction from the individual to the social 
and physical world and emphasises the creative character of action. When we 
speak, we are in a situation and participate in world-making through ongoing 
processes of change and transformation. In these processes, values are inte-
grated. Dierckxsens and Bergmann (2022, p. 304) argue that ethics is “a pro-
cess of responding to social affordances and participatory sense-making”. 
Moreover, “ethical values and norms … are intertwined with how we feel our 
bodies in their surroundings”. Yet this is not only the concrete here and now, 
for language is “extended into the social imaginary” (Dierckxsens & Bergmann, 
2022, p. 307.)

Following Dierckxsens and Bergmann (2022, pp. 309–11), storytelling is 
crucial for the development of critical ethical learning because it provides pos-
sibilities for both distancing and participation—sharing with and being influ-
enced by others. In a school context of language learning, storytelling represents 
a creative approach. The aesthetic and expressive dimension of language is fun-
damental also in Merleau-Ponty: in elaborations on style as a way of being and 
gesture as expressive and participatory; in pointing to the inherently hazardous 
character of language; in foregrounding the imagination and play-acting, we 
need to learn a language (2001, pp. 77, 29, 48). This implies playing with self-
presentations and interpretations that can be accepted or rejected by others. 
Playful Learning has indeed been established as a concept both in Finland 
(plchelsinki.fi/) and Denmark (playful-learning.dk/english/). In the next sec-
tion, we describe how these starting points can be implemented.

Explorations

We shall describe two courses of teaching Finnish, the Reading Circle, and the 
Reading Lamp, developed in a Finnish primary school through the coopera-
tion of class teachers and a teacher of special education. Both courses are about 
developing reading and storytelling skills among peers by proceeding from 
speech to texts, affirming the primacy of expression and communication as 
outlined earlier. To understand the significance of these formats, a few words 
should be said about Finnish special education as it is practised in language 
teaching.

Normally, pupils are identified as in need of special education based on 
learning difficulties. These are measured using exact parameters, such as speed 
of reading, reading comprehension, and spelling. Special education is pro-
vided in small groups outside the normal classroom, focusing on identified 
problems. The aim is to help the pupil attain a minimum competence as 
defined by curricula. As a result, pupils become increasingly aware of their 
shortcomings. In the worst-case scenario, these even become defining features 
of personal identity, emphasising one’s difference (being a “special child”) as 
compared to peers.
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Lately, inclusion has become more popular. Instead of separating pupils with 
special needs from the class, teaching is provided in class through teachers’ coop-
eration, and observing pupils’ individual needs. The Reading Circle and the 
Reading Lamp are examples of inclusion. Both courses ran for four to six weeks 
and were taught jointly by the class teacher and the teacher of special education, 
sometimes with the help of a school assistant. Three parallel classes from grades 
1–6 participated (70–80 pupils per grade, aged 6–13). The groups included 
pupils from different ethnicities and/or recent experiences of immigration, as 
well as native pupils with learning challenges. Teaching was provided in the class 
(20–25 children, 2–3 adults) without separating pupils with special needs.

The Reading Circle (two to three weekly hours) started with a presentation of 
literary genres adjusted for children’s age. Each child chose a genre that interested 
them, wrote it on a paper, and added their name on the other side. Consequently, 
groups were formed anonymously and based on personal taste. Groups first stud-
ied the genre on the city library’s web page and then chose a book and checked 
its availability. While waiting for the book, they shared expectations based on title, 
cover, and blurb. They then set up a reading schedule. Before each meeting, 
everyone prepared three questions based on their reading. In weekly roundtable 
meetings, groups discussed their readings while drawing characters, places, events, 
and details from the story on a Reading Circle Cloth (see Figure 4.1). Each child 
had their own area of the cloth, sometimes joining with another pupil. The aim 
was not to create a unified picture, and artistic quality was irrelevant. The teachers 
circulated in the room but did not interfere with the groups. In another weekly 
meeting, groups prepared a PowerPoint presentation on the author, plot, events, 
and characters of the book for the Literature Conference that ended the course 
(in the final year, this was replaced with a Book Fair where sixth graders gave read-
ing tips for grades 4 and 5). The atmosphere at these events was excited and 
attentive. Sometimes groups brought food servings typical for the book from 
home or an object related to the story.

Stimulating curiosity and imagination and facilitating storytelling on pupils’ 
terms were the aims of the second course, the Reading Lamp (two weekly 
hours). Based on an introduction by the teacher, often including image, sound, 
movement, drama, or objects, pupils wrote words in their booklets. They then 
chose one word to share with the others, which could be a word already men-
tioned. This made it easier to participate. A detail of the introduction was then 
picked, and children were asked to write about it, allowing their minds to flow 
freely. The idea was to create materials for the story. Next, they shared one 
sentence. In the lower grades, stories were usually finished in class, sometimes 
through a compilation of children’s sentences, whereas older children created 
individual stories and could continue at home. Each writing process ended 
with a reading event. The venue was a windowless room, where chairs formed 
a half circle around an armchair and a table with pupils’ booklets and a lamp. 
Upon entering, the only light was from the corridor. When everyone was 
seated, the lamp was lit, and children read their stories in random order, 
according to how the booklets happened to lay on the table. No one had to 
read, and they could ask a friend or an adult to do it for them. After each 
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reading, there was time for questions and comments. Teachers neither read 
nor corrected the booklets and provided help only when asked to. While shar-
ing words, sentences, and stories created collective experiences in an atmo-
sphere of freedom and respect, sharing was not compulsory. On the one hand, 
children were allowed to borrow from each other; on the other, they were the 
owners of their narratives. They could change their stories while reading: ani-
mate, specify, add details, or skip unnecessary parts.

The courses shared certain pedagogical and design principles. Both had a 
recognisable structure. As annually recurring creative practices with articu-
lated form, they became familiar to the pupils who eagerly expected next year’s 
course, as shown by questionnaires about their willingness to participate in a 
similar course again. The structure comprised themes and variations, prepared 
parts and improvisations, starting points, and closures. This provided a clear 
yet varied rhythm. Both courses started with stimulating curiosity and imagi-
nation, continued with variations between individual work and sharing experi-
ences, and ended with performative events. Learning environments were 
adapted to the activity at hand: The courses spread in the school building 
beyond the classroom. As the role of the teachers changed, so did power rela-
tions. The special education teacher was no longer a personal trainer for chil-
dren with problems but worked holistically and with every child. Language 
challenges were treated as technical problems that could be solved. The 
Reading Lamp accepted purely oral storytelling: booklets were not read by 
teachers except on request. In the Reading Circle, parents or teachers could 
help pupils by reading for them.

Figure 4.1 � Reading Circle Cloth drawn by a group of second-grade pupils (8 years old). 
Photograph by Heikki Hanka.
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Discussion

Our observations and insights are based on an experienced special education 
teacher’s work during six academic years. They indicate what a holistic 4E 
approach can yield in terms of learning and growth when applied consistently. 
We now pinpoint some principles and outcomes of the courses, and how they 
relate to the 4E. We foreground aesthetic, playful, and expressive ingredients 
because they prompted spontaneous, self-motivated aesthetic agency (von 
Bonsdorff, 2018) in pupils performing as experts and narrators, thereby strength-
ening linguistic competencies. The children’s ownership of the process, in plan-
ning, steering, and presenting their group work, and in crafting and narrating 
their individual stories granted them genuine authorship and created mutual rec-
ognition. Thus, the courses’ outcomes include ethics and personal growth.

Children spontaneously adapted their language to context, realising and 
practising its embeddedness. While drawing, chatting was colloquial, with 
incomplete sentences and exclamations—i.e., verbal gestures—complemented 
with visual means and bodily gestures—i.e., “she was dressed like this”. Yet in 
the conference, they used complete sentences and accurate vocabulary, taking 
the role of experts. It was also here that bodily gestures were most prominent, 
possibly a sign of belonging in the world of literature. Presenters were confi-
dent in the situation and dared to articulate interpretations and insights in the 
moment before an audience, enacting their role as conference speakers while 
manifesting how engaged thinking goes hand-in-hand with gesturing.

Teaching and learning were extended in the school far beyond the class-
room, adding to pupils’ engagement and embedding learning in memorable 
ways. In the Reading Lamp, the performative enactment was being a story-
teller. The audience sat in the dark and listened to a voice from the direction 
of the light. The shared, attentive listening created an intimate and safe atmo-
sphere. Children with reading or writing challenges could be recognised as 
brilliant narrators—not despite but irrespective of challenges. When teachers 
and children were no longer identified through problems, a space opened for 
being oneself with others in manifold ways.

Pupils were recognised as readers, writers, and storytellers with individual 
interests instead of being subject to assessments according to predefined crite-
ria. Their interest in reading and writing grew with their will to share interpre-
tations and stories with peers. Drawing facilitated the exchange of impressions 
and interpretations as pupils gave visual form to them, multimodally exploring 
and adding to the world of the work. Facing each other rather than a teacher 
supported equality and dialogue: children listened with curiosity and attention 
to each other, accepting disagreements and showing the fundamental enactive 
force of communication. This again proved the arts as a fruitful arena for 
civilised disagreement (von Bonsdorff, 2013). Embedded and extended, liter-
ary discussions spread to informal situations in school. There were cascades of 
new ideas and interests, such as reading the rest of a book series or writing a 
novel or a sequel to a story. The understanding of relationships between sto-
rytelling in different media, such as film, theatre, dance, etc., increased.
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Ethical growth and learning concerned teachers as well as pupils. The teach-
ers’ roles changed from directors or conductors to producers, facilitators, and 
co-readers (they, too, read the books chosen by pupils). To give up authority 
and share responsibility with pupils required courage and flexibility. The 
diminished role of adults was graciously compensated by children taking on 
more responsibility. In the Reading Circle, they assessed the suitability of a 
book for their age group, perfectly capable of ethical deliberation without 
adult interference.

Conclusions

The courses showed how pedagogical formats that trust the capacity of pupils 
to self-organise within a given structure and to work individually and in groups 
might be conducive to learning outcomes that by far exceed the threshold 
separating the “special” and the “normal” child. Starting with the interests of 
children and trusting their will to explore and exchange can lead to unex-
pected, positive outcomes. This, however, demands that the teacher is willing 
to fully use their pedagogical skills and share responsibility with pupils. In 
regards to language learning, the courses affirm that oral storytelling vs the 
literate skills of reading and writing are different but that giving room for the 
former can nurture positive interest and development in the latter. This is 
especially the case if we allow the fundamental desire to communicate to pro-
ceed with hesitations, gestures, and multimodal practices of sharing and group 
feedback. Grammar and spelling must be taught in school, but they are not 
ends in themselves. Giving more space, and time, for children’s creative and 
explorative language use fosters both learning and responsibility—learning 
that is for life rather than for school only.

Recommendations

If education aims at supporting the overall development of children, language 
teaching should include creative, experimental, playful, and open engagements 
with language, building on children’s natural desire to share, interact, and 
communicate. We recommend that teachers engage seriously and creatively 
with the principles of the 4E approach and suggest the following principles:

Embodiment

Language is not just in the mind but in the whole body, and we express ourselves 
in many ways, including with verbal and embodied gestures. Play-acting, drawing, 
singing, and moving affirm this dimension and help articulate verbal meaning.

Enactivism

We speak because we want to address other people; we act with language. 
Mechanical drills are relatively pointless compared to doing something in and 
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with a peer group. There is no private language, and language as “mine” is 
always also “ours”.

Embeddedness

Language is part of situations, and the more it is positively embedded in these, 
the deeper it touches and engages its learner. Pleasurable social experiences 
contribute to a sense of ownership and to identifying with the language as 
both “mine” and “ours”.

Extension

Language is everywhere; it structures our world. Teaching that leaves the 
classroom can show this concretely.

Finally, we recommend teaching formats that give room for bottom-up 
rather than just top-down initiatives. For the teacher, reflectiveness, flexibility, 
and dialogue are important principles that can be implemented in many ways.
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Introduction

If we think about it, reading is an awe-inspiring and, in a very literal sense, 
unnatural phenomenon: as humans, we were not born to read literary texts. 
Unlike for speaking, there is no genetic blueprint for reading, implying that 
our ability to learn to read letters and symbols had to be “painstakingly bolted 
on” to already existing brain circuitry (Dehaene, 2009). Leading neuroscien-
tists explain our ability to read with reference to the neuronal recycling hypoth-
esis (Dehaene, 2009) or the neural reuse hypothesis (Anderson, 2014; see also 
Trasmundi et al., 2021). Hence, reading is a cultural invention with enormous 
sociocultural implications. While reading is a cultural invention, it draws on 
both neuropsychological processes and embodied cognitive skills, all acquired 
through social practices. The impact of reading is remarkable: it enables us to 
access information and acquire knowledge beyond the local context; engage 
cognitively and emotionally in a range of types and genres of text; learn from 
and interact with other people, times, and cultures; expand and enrich our 
vocabulary and grasp of language(s); train our concentration and cultivate 
various modes of thinking; and participate in society.

Given what we know about the benefits of reading for cognitive and socio-
emotional skills (for an overview, see Schüller-Zwierlein et al., 2022), the cur-
rent changes in reading environments caused by increasing digitalisation 
warrant acute scholarly scrutiny and pedagogical awareness. How does read-
ing change as laptops, tablets, e-readers, and smartphones replace paper and 
books in classrooms, as well as in leisure reading contexts? And what do educa-
tors and practitioners need to know to harness the best of analogue and digital 
technologies to the benefit of their students?

Whether for researchers or educators, the topic of reading and digitalisation 
is too complex for simple definitions and operationalisations. Reading research 
is carried out within a number of different disciplines, applying a vast range of 
theoretical perspectives and methodological approaches, and the teaching of 
reading rests upon numerous assumptions based in various—occasionally 
opposing—models and frameworks of reading. At a general level, this diversity 
maintains an ongoing schism in reading research, wherein (neuro)cognitive 
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and sociocultural perspectives remain ignorant to one another (Mangen & 
van der Weel, 2016). Rather than arguing for the superiority of one approach, 
the objective of this chapter is to present a different understanding of read-
ing—one that acknowledges that reading is both a neurocognitive process and 
a historically contingent sociocultural and deeply personal phenomenon. We 
will, in what follows, make the case that reading can be fruitfully understood 
from the perspective of 4E and distributed cognition (Cowley, 2011; Järvilehto 
et al., 2011; Kravchenko, 2007, 2011).

A 4E and distributed cognition perspective embeds cognitive tasks in envi-
ronments of interactions. In reading, this translates into questions of the cog-
nitive role and function of technologies and substrates in reading different 
types of texts for various purposes. Reading is always intimately connected 
with, and shaped by, the technologies we use when we read, and the increasing 
use of digital technologies reveals how there is more to reading than what 
meets the eye. Navigating in and between texts is different with a screen than 
with a print book, and the substrate of paper affords note-taking and high-
lighting differently than a digital device. Irrespective of how it is defined, read-
ing is fundamentally an embodied and multisensory process (Hillesund et al., 
2022; McLaughlin, 2016). Importantly, the embodied and multisensory 
aspects of reading apply equally to the 5-year-old learning to connect the 
sounds of letters and words to the symbols on the page, to the student reading 
scientific articles on their laptop, and to the commuter reading a paperback 
novel on the train. As such, a 4E and distributed cognition approach invites a 
conceptualisation of reading, which has the potential to establish a multidisci-
plinary field of reading research.

In this chapter, we discuss some ways in which reading is currently chang-
ing due to increasing digitalisation. Applying insights from 4E cognition, we 
discuss how reading is an embodied, multisensory, material engagement with 
a text. Like all personal experiential processes, reading draws on the past, pres-
ent, and future. As such, reading entails traces of multiple time scales that play 
a role for cognitive and affective-embodied aspects. In what follows, we sug-
gest ways in which insights from 4E and distributed cognition (cf. Hutchins, 
1995) may help shed light on these fascinating yet largely uncharted territories 
of reading.

Reading as multisensory engagement with material substrates

Reading is fundamentally multisensory, entailing embodied engagement with 
a text displayed on a material substrate such as a screen display or a paper page 
(Hillesund et al., 2022; Mangen & van der Weel, 2016). Reading is thus best 
described as multimodal material interaction. It involves audio-visual and tac-
tile, haptic, and even olfactory (i.e., smell) perception. A printed text affords a 
tactile sensory-motor interaction and allows the making of material traces—
e.g., “dog-earing” and scribbling in margins. Digital texts afford a different 
kind of mediated material interaction—e.g., swift and efficient look-up of 



Substrates, displays, technologies, and texts  47

words through dedicated search functions. The length of a printed text is 
reflected materially in the thickness, heft, and weight of the book so that read-
ers always both feel and see their progress and location. On a digital device, 
such information is supplied (audio)visually, and experiments have shown that 
these “material anchors” of paper may support cognitive aspects of perhaps 
especially long-form reading (Mangen et al., 2019; Schilhab et al., 2018).

The notion of perceptual texture and the associated role of sensory-motor 
processes in reading is closely aligned with ecological psychology and with 
Gibson’s (1977, 1979) concept of affordances. What we attend to in percep-
tion, according to Gibson, are the affordances of things and objects—the 
opportunities for action that objects, tools, and things provide. Applied to 
reading, the substrate of paper (e.g., in books) and the substrate of screens 
(e.g., in tablets, laptops, and smartphones) differ with respect to interaction 
dynamics.

There is texture and physicality in reading, but existing reading research 
paradigms lack appropriate theoretical and methodological approaches to 
address these key dimensions. For a long time, reading has been understood 
and studied largely as a visual, disembodied process of abstract information 
extraction. On the one hand, research in psychology and neuroscience has 
developed massive amounts of knowledge about what goes on in the brain 
during reading. On the other hand, literacy research has focused on contextual 
dimensions of reading, defining it as a situated practice of linguistic and/or 
semiotic meaning-making shaped by, i.e., sociocultural aspects and commonly 
employing an ethnographic or semiotic lens. Largely missing are perspectives 
taking into consideration the role of the perceptual texture of the substrate 
and how the embodied-affective processes and the reader’s sensory-motor 
engagement with the device and substrate play a role during reading. The next 
section engages specifically with this challenge.

4E and distributed cognition, and the multiscalarity of reading

Grasping the complexity of reading requires theoretical and methodological 
tools which allow systematic investigation into the roles of affect, emotions, 
and embodiment for the reading experience. Emerging insights from 4E and 
distributed cognition are ideally suited for this task.

4E cognition treats reading as an active, bodily engagement with reading 
material (Cowley, 2011; Kravchenko, 2011; Trasmundi & Cowley, 2021; 
Trasmundi et al., 2021). Specifically, the 4 Es—that cognition is embodied, 
enacted, embedded, and extended—share the view that cognition is a process 
beyond the brain. That reading is embodied entails a focus on interaction—for 
instance, the very act of holding a book, scrolling on a screen, positioning the 
body, or controlling the gaze. The bodily engagement with the reading mate-
rial impacts both reading process and outcome. Reading is enacted as it draws 
on habits, norms, and experience, and this is not just a mental memory but a 
bodily knowledge that shapes emotions, motivations, etc. Reading is embedded 



48  Sarah Bro Trasmundi and Anne Mangen

in a particular situation, meaning that it is organised in accordance with a 
broader context, including the purpose, task, and other situational aspects that 
impact how reading is managed. Finally, reading is extended cognition because 
it emerges from how the reader uses the materiality of the reading situation to 
make sense—for example, by relying on pencils, rulers, or Post-its to scaffold 
understanding as part of reading. Rather than deciphering fixed meanings 
from the text, the reader anticipates what might come next by drawing on 
affective-embodied experiences and by adjusting to socio-material constraints, 
whether these relate to the text, the medium, the physical surroundings, or the 
situated expectations.

In the late 1980s, Hutchins coined the term “distributed cognition”, and 
he articulated its main principles in his seminal book Cognition in the Wild 
(1995). The framework underlying distributed cognition is a contemporary 
product of intense developments in cognitive science from the 1960s 
onwards. Crucially, cognition is defined as distributed in and amongst peo-
ple and material artefacts, and over time (Hollan et al., 2000; Trasmundi, 
2016, 2020). In reading, the distributed perspective pivots on the ways in 
which reading involves a web of interrelated processes and mechanisms 
beyond situated time and space. These mechanisms thus relate to different 
temporal scales (see Figure 5.1): At one end of the temporal continuum are 
the processes unfolding in micro scales such as genetic (i.e., pertaining to 

Figure 5.1 � Temporal layers in reading. (from Steffensen & Pedersen, 2014, p. 93; see also 
Loaiza et al., 2020, for an elaborated version of this model).
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brain architecture), physical (e.g., the sensory-motor contingencies of read-
ing substrates), and embodied-affective mechanisms. At the other end of 
the continuum, socially, culturally, and historically contingent mechanisms 
(e.g., conventions and norms) work according to considerably longer 
time scales.

Applied to reading, a combined 4E and distributed cognition approach 
allows us to study cognitive processes as a temporally extended and whole-
bodied material engagement. The way reading tends to engage multiple 
timescales also connects to how it is enabled by knowledge beyond that of 
linguistic meaning. Even recent neuroscientific studies support this idea and 
demonstrate how readers’ brains operate in different ways during reading. 
For instance, studies show how different brain areas that process narrative 
structure, tone, prior knowledge, and emotion are activated with great vari-
ability among subjects and readings (Hruby & Goswami, 2011). However, 
neuroscience struggles to explain why different people read differently. 
Applying a distributed and embodied perspective can add to our understand-
ing in this respect because it focuses not only on the reading brain and its 
mechanisms but on a reader and their whole-bodied engagement. A recent 
study of students in teacher education (Trasmundi et al., 2022) explored how 
personality traits manifest during reading. Correlating personality tests, inter-
views, and video observations of students’ preparatory readings revealed how 
readers’ lived experiences/personalities matter for the reader’s choice and 
organisation of reading location (such as placing things, bringing coffee, 
food, or light conditions), as well as for reading style (engagement with the 
text, including note-taking and affective and embodied engagement). A dis-
tributed perspective on reading thus allows exploration in relation to 
timescales beyond the here and now.

Touch and texture in reading

Increasing digitisation warrants attention to the ways in which the different 
textures of substrates play a role in reading. Reading text on the substrate of 
paper engages the hands and fingers in more distinct and retrievable ways than 
reading on a screen. Paper provides the reader with material anchors that facil-
itate spatial orientation and temporal assessment of the text, whereas a digital 
screen display does not provide such fixed anchors (Schilhab et al., 2018). 
Displayed on a screen, the text is an intangible appearance that lacks phenom-
enological depth and a physical address—it is not “there” in the same way as a 
text on paper (or other similar substrates). A digital text thrives on malleability, 
flexibility, and adaptability: it can be adjusted and personalised in ways that a 
paper text cannot. The lack of depth, fixity, and permanence also apply to 
seemingly stable textual appearances on screens (e.g., PDF texts read on a 
smartphone or a short story read on an e-reader), where there is no scrolling 
but where pages are turned in ways that may visually resemble a book (e.g., 
tapping on screen “lifts” the page).
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Studies with younger students show that the materiality of paper and books 
is important and that an appreciation of touch in reading is not simply a nos-
talgic longing among older readers who grew up without screens. A survey 
study with students in grades 6–12 (Mangen & Baron, in press) showed that, 
when asked what they liked most about reading in print, more than 20% 
reported the physicality: that they liked the tactile quality of paper, the process 
of touching and turning pages. Moreover, studies show that students, whether 
in schools or at universities, continue to prefer print reading over screen read-
ing, especially for longer texts and for the types of reading that require sus-
tained focus and cognitive effort (Mizrachi et al., 2018). Such findings should 
not be surprising, given that the sense of touch is vital for most tasks we carry 
out. More than any other sense modality, touch gives us the distinct feeling 
that objects in our lifeworld are really “out there”: “Without vision or hearing, 
one would inhabit a very different experiential world,” writes Ratcliffe (2013, 
p. 132), “whereas one would not have a world at all without touch”. The role 
of touch in many cognitive and emotional processes—for instance, in read-
ing—has yet to be adequately acknowledged in research, and it needs to be 
empirically assessed, especially if we are interested in reading motivation, expe-
rience, and affection beyond mere functional outcomes such as memory or 
comprehension. By implication, it is important for teachers to acknowledge 
that print and physical books have an important role in the classroom along-
side digital technologies, especially for the reading of longer and more com-
plex texts. Printed texts also afford note-taking and highlighting differently 
than digital texts (Baron, 2021; Mangen & Baron, in press).

When reading on paper, the entire text is perceptually present as a coherent 
material object. The weight and size prompt a perception of a wholeness even 
when reading a specific text sequence. All pages of the text are materially pres-
ent and retrievable by specific haptic input (e.g., browsing, using the fingers to 
locate different text segments, keeping one finger in one location as a book-
mark). Our page-by-page progress through the text is kinesthetically, tactilely, 
and visually contingent. The temporal dimension of reading relates to a spatial 
dimension too. The page-turning contributes to the understanding of struc-
ture and progress. Being halfway through a book is not only relevant in terms 
of anticipating how much reading lies ahead of you—it also provides the 
reader with chronological knowledge of how far in an argument or narrative 
one is (Mangen & Kuiken, 2014; Mangen et al., 2019). In contrast with all of 
this, when reading on a screen, we may see (e.g., using page numbers), but we 
cannot sense our progress through the text. The sensory-motor contingencies 
of paper inform about the length and volume by concurrent tactile, haptic, 
and kinesthetic information; when reading on a screen, such feedback is ren-
dered visually.

Recent empirical studies show that the differences in sensory-motor contin-
gencies and substrate texture are important aspects of the reading experience 
and understanding. An ethnographic study on “embodied reading” (see 
Jensen, 2022) investigated how students in teacher education programmes 
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manipulated reading by exploiting their bodies’ interactions with the environ-
ment. For instance, data shows how readers manipulate the distance of the 
hand-eye-text relation, how they point in the texts, read out loud, underline, 
speed up and slow down reading processes, etc. What remains uncertain is 
how the different contingencies—or coordination dynamics—relate to the dif-
ferent media (e.g., screen and paper) when other aspects of the reading situa-
tion change (e.g., genre, purpose, culture, and skill).

In both digital and analogue reading, there are functional manipulations of 
the material—for instance, page-turning. However, there seems to be less fid-
dling and less ability to constrain visual attention through digital devices. Also, 
text proximity seems to be more flexible with analogue reading materials, such 
as zooming in or out at specific points of the text; this is hypothesised to be 
crucial for maintaining attention. Systematic empirical studies are needed to 
shed light on what, when, and how often these manipulations occur and with 
what purpose. What is beyond doubt is that the hands are crucial reading aids, 
and their function seems to span functional-aesthetic experiences (e.g., 
Mangen, 2008, 2016; Trasmundi, 2024).

Conclusion and educational implications

The role of social normativity in guiding action and attention in material 
engagement is rarely acknowledged, whether in research on reading or in ped-
agogical practice. The ongoing digitalisation of educational contexts and 
resources raises important questions regarding the impact of materiality for 
reading, as well as for learning overall. An increasing awareness of the role of 
embodiment and materiality in reading entails that teachers pay adequate 
attention to how various types of texts, and various purposes of reading, are 
better served by reading on paper, in books, rather than on screens. Reading 
longer texts—for example, textbook chapters, monographs, and novels—is 
where students overwhelmingly prefer to read in print (Baron, 2021; 
Hargreaves et al., 2022). Digitalisation is part of any learning setting where 
technologies (e.g., pen, keyboard, print books, screens) are used, and the 
material affordances of these technologies are intrinsically entwined with 
affective-embodied and cognitive processes as we engage with these technolo-
gies towards any learning outcome. Hence, replacing handwriting and print 
reading with a digital equivalent—e.g., keyboard writing, reading exclusively 
on tablets—are not neutral choices.

Reading is fuelled by digital technology, and because reading is grounded 
in habitual material engagement processes, the material engagement with texts 
changes patterns of reading behaviour. Supplementing existing paradigms 
with a view of reading as embodied and distributed allows a more systematic 
study of such patterns of engagement, and knowledge derived from such 
research will better equip teachers and students alike to deal with the range of 
different reading material they encounter. Preparing coming generations for 
an increasingly complex information society requires an improved 
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understanding of how various technologies and their affordances enable and 
constrain reading towards different outcomes. In effect, that means providing 
a rich repertoire of texts and considering medium on the basis of which types 
of texts are to be read and for what purpose. In addition, it entails taking into 
account the preferences and expectations of students themselves rather than 
assuming that they prefer to read on screens. Finally, if teachers are trained to 
detect the particular impact that various reading media have when they are 
embedded in a particular reading situation, they can make informed decisions 
about which reading medium to choose and direct their attention to relevant 
challenges during students’ readings as they emerge.
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Introduction

Why do people write? In today’s world, writing is essential not only to succeed 
at school and work but also to function as an active member of society. It 
stems from our need and desire to communicate with others, and we can use 
writing to express our feelings, reflect on our experiences, and share our 
thoughts (Graham, 2018; Graham et al., 2020). Moreover, at school, when 
writing has become automatic after the first years of learning to write, the 
objective of the writing action changes, and writing is used to support learning 
(Frangou, 2020; Gillespie Rouse et al., 2017). While writing generally fosters 
learning and development, creative writing is seen as a process in which the 
writer can make sense of his/her experiences and emotions, create and build 
meanings, and gain knowledge, which leads to reflection and thinking about 
life from new perspectives (Martin et al., 2021). Writing can also be collabora-
tive and, hence, a social activity in which we learn with and from each other, 
leading to the expansion of our intellectual and creative resources.

Manual writing tools, such as the pen, have been a means of communica-
tion and expression for thousands of years. Hailed as the beginning of automa-
tion, the typewriter has been a means of producing characters for about 100 
years (Frangou, 2020). The use of computers has increased rapidly in recent 
decades, and most recently, touchscreen tablets and smartphones have chal-
lenged the dominance of computers and have rapidly come into use alongside 
them. The latest generation favours digital tools for reading and writing over 
traditional pen and paper (Bouriga & Olive, 2021; Mangen, 2018). 
Accordingly, contemporary society’s needs have led to the progressive intro-
duction and application of information and communications technologies 
(ICTs) in education. In the renewed Finnish National Core Curriculum for 
Basic Education, which was implemented in 2016 (Opetushallitus, 2014), 
cursive handwriting instruction was replaced in all subjects by ICT use. 
According to the curriculum, students must actively practice their skills in 
both traditional and multimedia learning environments that make extensive 
use of digital technology.
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In this chapter, we examine the latest research related to writing using dif-
ferent methods for different age groups. We conclude the chapter by reflecting 
on writing in light of the 4E theoretical framework, comparing the key find-
ings, and offering recommendations on writing instruction as part of literacy 
learning in order to meet society’s future needs.

Connections between writing and writing methods

Writing is the expression of thoughts through visual symbols, which always 
occurs through some medium. In the field of writing research, Christina Haas 
(1996) proposed a hypothesis for an inextricable link between writing and 
writing methods (how writing is executed), whereby each writing tool influ-
ences the writing process differently, depending on how it operates. An exam-
ple is how the process of letter formation differs considerably between 
handwriting and word-processing programmes. For the former, letters are 
drawn by hand, one at a time, with attention alternating between the writing 
medium and the written text until the process becomes automatic (Alonso, 
2015). When typing on a computer keyboard, all ten fingers can be used, and 
as keyboard skills become automatic, attention shifts from the keyboard to the 
computer screen (Alonso, 2015). The number of fingers used for typing on 
touchscreen devices varies depending on the size of the screen, but young 
people commonly use their thumbs when typing on smartphones (Frangou, 
2020; Nicolau & Joaquim, 2012).

Writing with any method is a complex cognitive function that combines 
conceptual, linguistic, and physical processes (Van Wijk, 1999). Content infor-
mation and the means for expressing any kind of information in words are 
encoded grammatically into coherent sentences, which are then processed into 
motor activity to produce text that can be read (Frangou, 2020). As the writ-
ing process becomes automatic, the associated cognitive load changes, freeing 
up resources to allocate to text design, for example (Yeganeh Doost et al., 
2017). Different writing methods, as well as control over these methods, can 
affect the strength of the memory traces of something written. This is due to 
the sensory and motor experiences of the writing process, which differ depend-
ing on the writing method (Frangou, 2020). Both can result in the same text, 
but it may be remembered differently by the writer.

Previous studies on writing methods and recollection are inconsistent in 
their results. Studies based on psychological or cognitive neuroscience 
approaches have noted a memory-enhancing effect of handwriting that does 
not arise when typing on a keyboard (Mangen et al., 2015). In contrast, some 
studies using a multidisciplinary approach to education and behavioural sci-
ence have found that keyboard use makes text easier to recall (Bui et al., 2013). 
Whatever their conclusion, the studies mainly focused on single letters, words, 
or short notes; therefore, the generalisability of the findings is questionable, 
especially in a school context where the intention is to memorise larger 
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ensembles than individual words, revealing the need for research on authentic 
learning environments (Frangou, 2020).

Writing as an embodied activity

The embodied theory of learning highlights the intertwined nature of physical 
activities and cognitive mechanisms, suggesting that the activation of the body 
and gestures can positively impact learning (Wilson & Golonka, 2013). 
Writing can be defined as a biophysical, psychomotor, and cognitive process 
that produces a final text (Van Galen, 1991); therefore, writing can be consid-
ered from the perspective of embodied learning. Essential elements of embod-
ied cognition, the 4Es, are involved in learning to write: embodied, enactive, 
extended, and embedded learning (Lund et al., 2019). Embodied learning 
refers to learning as a cognitive and bodily process; enactive learning is learn-
ing that is both active and interactive; extended learning includes learning with 
or through a medium, such as technology, a pen, or a laptop; embedded learn-
ing occurs within physical and sociocultural learning environments. Recent 
studies (e.g., Frangou et al., 2018; Mangen et al., 2015) suggest that the 
memory-enhancing effect of handwriting arises from embodied cognition: 
handwriting activates sensory-motor processes that promote recall. Meanwhile, 
certain studies have highlighted that typewriting requires higher information 
processing and thus greater cognitive effort, negatively impacting short-term 
memory (Bouriga & Olive, 2021).

Growing research examines the embodied learning experiences of students 
and the development of embodied learning environments, for instance, when 
learning languages (Kosmas & Zaphiris, 2020), mathematics (Georgiou & 
Ioannou, 2021), biology (Chettaoui et al., 2022), and reading and writing 
(McClelland et al., 2015). These studies apply various technologies to investi-
gate writing as an embodied act. The findings so far indicate that an embodied 
pedagogy that combines physical activities with cognition has the potential to 
improve students’ attention, self-control, academic achievements, and engage-
ment. The settings of the existing studies varied but noted similar factors con-
tributing to students’ learning. These included, for instance, congruence 
between body movements and the learning content, multimodal interaction, 
embodied technology features, and a learning approach that favours students’ 
activity and collaboration.

The concept of embodied cognition in learning to write is relatively new, 
and only a limited number of models within educational research illustrate 
how the body and cognition relate (e.g., Frangou, 2020). Further studies 
must be conducted on learning to write, aiming to investigate how writing 
skills can be enhanced by applying more embodied and body sense-activating 
features in writing instruction. Given the promising results of existing research 
on embodied pedagogy, it is worth studying how the embodied approach 
could be better linked to research on writing and the development of new 
instructional methods for writing.
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Writers of different ages

In this section, we present two studies for deeper discussion on the effects of 
different writing methods. These two studies investigated the influence of 
writing methods on the recall of written stories in different age groups. The 
studies aimed to identify and describe the writing-related factors that affect 
knowledge retention.

In both studies, participants transcribed three dictated texts, alternating the 
writing modes for each text. The pairing of texts and writing modes was ran-
domly assigned and differed between participants so that each text was ulti-
mately written an equal number of times in each mode. The texts were logical 
stories that did not require prior knowledge. In the first study, the participants’ 
short-term recollections were measured after 30 minutes, and in both studies, 
the participants’ long-term recollections were measured after 1 week. Each 
time, they were asked to freely recount anything they recalled about the sto-
ries. Each story had the same number of memorable details that were recorded 
as the participants mentioned them. A total of 166 children, adolescents, and 
university students participated in the studies (see Table 6.1).

The first study had university students writing dictated texts with a desktop 
computer’s keyboard, an iPad’s touchscreen keyboard, and a pencil. This 
study’s main result was that the method of writing affected recall to a statisti-
cally significant degree. The university students recalled their handwritten sto-
ries statistically significantly better than the stories they had typed on a 
computer or iPad touchscreen keyboard, both 30 minutes and 1 week later.

In the second study, the recollections of 16-year-old teens and 10- and 
11-year-old children were compared after writing dictated texts with different 
writing tools (Frangou et al., 2019). Both age groups wrote stories by hand 

Table 6.1  �Participants, equipment, and data collection methods of the studies.

Participants Equipment Data collection

Study I Frangou 
et al. (2018)

N = 31 university 
students (10M, 
21F)

Desktop computer 
and keypad, iPad 
& pencil

Measurement after 
30-minute and 
1-week delay

Study II Frangou 
et al. (2019)

All together N = 135

Pilot study N =29 (ages 10-11); 
19 b.2007 (8M, 
11F) 10 b.2006 
(6M, 4F)

Laptop computer, 
iPad & pencil

Measurement after 
1-week delay

Study 1 N = 63 (ages 10-11); 
31 b.2007 (14M, 
17F) 32 b.2006 
(12M, 20F)

Laptop computer, 
iPad & pencil

Measurement after 
1-week delay

Study 2 N = 43 (age 16) 
b.2001 (21M, 
22F)

Laptop computer, 
smartphone & 
pencil

Measurement after 
1-week delay
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and on a laptop. The 10- and 11-year-olds also wrote using an iPad tablet, 
while the 16-year-olds wrote on their own smartphones. Without being 
directed to do so, the teen subjects used only their thumbs to write on their 
smartphones. The results showed that the 11- and 16-year-olds’ recall was 
statistically significantly associated with the writing method, with handwritten 
stories recalled better than those typed on a computer keyboard or a touch-
screen keyboard on a tablet or smartphone. Interestingly, the writing methods 
used by the 10-year-olds seemed to produce no difference in recall.

Based on the conclusions drawn from these two studies (Frangou et al., 
2018, 2019), systematic teaching of typing skills and balanced practice of dif-
ferent writing methods were recommended as teaching practices. Furthermore, 
the author noted that balancing different writing methods and instruction 
practices at an early stage is essential for enabling children to acquire the best 
possible skills for diverse learning and communication (Frangou, 2020).

Recent studies largely corroborate the findings and implications of the 
research by Frangou et al. (2018, 2019). For example, Bouriga and Olive 
(2021) compared undergraduate students’ cognitive efforts while writing by 
hand and typing. The first experiment revealed a longer reaction time while 
transferring thoughts to the keyboard, suggesting greater cognitive effort. In 
subsequent experiments, a short-term memory task was added involving the 
recall of typed or handwritten words. The handwritten words were recalled 
better than the typed ones; hence, typing was considered to require more 
effort. This led to the authors’ suggestion that schools should ensure that stu-
dents learn to type efficiently, as poor typing skills can negatively influence 
their learning activities.

Lee (2021) compared English-speaking university students’ short- and 
long-term memories after writing Japanese kanji with a pen on paper and with 
an Apple Pencil on a tablet. The short-term memory test did not reveal a dif-
ference, but the long-term test (after 24 hours) showed increased recall of 
kanji written on paper. The participating students observed that they needed 
more practice with tablet-based writing to achieve equal results, given that 
they had a higher level of motor programme automatisation for paper-based 
writing. Younger children might not have this imbalance, as they have been 
exposed very early to digital devices.

Kiefer et al. (2015) studied 4- to 6-year-old kindergarteners’ letter recogni-
tion and naming, as well as their writing performance and word reading after 
handwriting and typing. Typing was not identified as superior to handwriting 
in any task; handwriting produced better results for word writing and reading. 
Mayer et al. (2020), meanwhile, studied 4- to 6-year-old kindergarteners using 
a pencil, keyboard, and tablet stylus while learning to read and write. The chil-
dren were assessed before, immediately after, and about a month after the 
learning activities. The pencil group performed significantly better than the 
typing group in letter recognition and visuospatial skills. The stylus group 
performed somewhere in between. At the same time, typing training resulted 
in significantly better results for word writing and reading than the stylus 



Embodied learning with and through different writing methods  59

group. The pencil group, this time, performed somewhere in between. The 
results suggest that writing by hand on paper helps improve letter knowledge 
and visuospatial skills, which corroborates the findings of Kiefer et al. (2015), 
while a stylus is the least effective instruction method.

In a final study worthy of note, Spilling et al.’s (2022) findings corroborated 
those of Frangou et al. (2018, 2019) but differed slightly from the findings of 
Mayer et al. (2020). Norwegian 6-year-old first graders were taught using 
both pencil and paper and digital tablet keyboards for the first three months of 
their writing lessons and then assessed. The findings indicated moderate to 
strong evidence of a lack of difference between methods, and typing and writ-
ing in their other lessons were noted to result in similar text quality. It was 
concluded that writing performance was not connected to method at this age.

Conclusion and implications

Learning is largely understood to occur in the mind, with action and percep-
tion as mere influencing factors (Wilson & Golonka, 2013). Embodied cogni-
tion theories, however, view cognition as the result of the simulated motoric 
action of neural circuits that occurs during learning activities when the learn-
er’s body interacts with the physical learning environment. Writing is an activ-
ity that entails all of the 4E theory’s dimensions: first, learning to write or 
learning through writing is a cognitive and bodily movement entailing a pro-
cess; second, it is enactive, with sensory-motor and visuospatial features and 
interactivity linking embodiment and cognition; third, it is extended as it 
always needs a medium; lastly, it is embedded, as it occurs in the physical envi-
ronment and the sociocultural environment of each individual, which influ-
ences the writing moment. Writing is achieved through movements controlled 
by a writer using a particular medium. How such movements influence learn-
ing, recalling, and understanding must be investigated so that instructional 
methods can be improved to achieve the best possible learning results.

Based on the research findings, we recommend that to support writing 
instruction, teachers should, from early on, balance their teaching of hand-
writing and typing. To optimally prepare learners for tomorrow’s society, it is 
important to maximise the potential of the various technologies for writing 
and to teach the use of a variety of keyboards, such as those of desktop and 
laptop computers and the virtual keyboards of smartphones and tablet com-
puters. Within the 4E theoretical framework, the use of multiple mediums 
extends the embodied learning experience. This strengthens the different 
stimulative embodied cognitive processes that learners must adopt to effec-
tively use different writing methods. At the same time, it is equally important 
to continue teaching pupils and students to write by hand so they can develop 
various motoric and visuospatial skills, establish sensory-motor representa-
tions, and succeed in their literacy learning. To enhance the embodied experi-
ence of writing, we recommend the integration of interactivity into writing 
exercises in order to make embodied learning enactive. Here are some 
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practical examples of how to promote interaction and foster cognitive sociali-
sation in writing instruction:

	•	 Offer a group assignment in which each person starts a story, another con-
tinues, and another finishes it. Then, the stories can be shared.

	•	 Offer pair assignments in which each pair decides on ten words ( adjectives, 
animals, etc.) that need to be in the story.

	•	 Offer a pair or small group a topic that they first need to familiarise them-
selves with and then make a mind map and collaboratively write about it, 
possibly even visualising it through drawings.

Furthermore, changing the writing environment and embedding different 
physical and sociocultural elements in it will not only connect the embodied 
learning moment in the context but also inspire and motivate the learning 
writer. Here are some practical examples for creating and providing an embod-
ied writing environment:

	•	 Start with a moment of calming and relaxing silence, eyes closed, to activate 
the senses.

	•	 Make use of all senses.

	 •	 Aural environments can be created with different kinds of music, nature 
sounds, busy street sounds, factory sounds, and so on.

	 •	 The visual experience of nature, animals, and art can inspire the writing 
process. Also, giving the learners a picture (even drawings) of a place 
with many features, such as a busy street with cars and people, can help 
the writers’ imaginations. Learners can even swap pictures and, after 
writing, share their own story of the picture and listen to the other 
learners’ imaginative stories.

	 •	 Smelling perfumes, spices, flowers, and so on.
	 •	 Tasting fruits and vegetables, and, if possible, baking something (and 

then tasting) together.
	 •	 Touching different textures, such as vegetables, leaves, stones, and so on.

	•	 Visit a museum, art gallery, park, supermarket, forest, farm, police car, 
ambulance, fire engine, garden, market place and so on, where the learners 
can observe their surroundings with all their senses and then write about 
their thoughts and experiences.

	•	 Use ready-made book templates with pictures that guide the story.

Many of these practical examples can be modified to fit the needs of diverse 
pupils, students, and contexts. Learners must be supported early to develop 
typing skills so that they can play an active role in our digital world, from their 
studies to their later working lives, as well as in their free time from childhood 
through adulthood. Contemporary society needs members who can produce, 
acquire, and evaluate information in any shape or form. Much remains to be 
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done to provide teachers with the necessary support and resources to teach 
today’s pupils and students different writing methods so that they develop bal-
anced skills.

Acknowledgements

This study was funded by Eudaimonia Institute, University of Oulu.

References
Alonso, M. A. P. (2015). Metacognition and sensorimotor components underlying the 

process of handwriting and keyboarding and their impact on learning: An analysis 
from the perspective of embodied psychology. Procedia, Social and Behavioral 
Sciences, 176, 263–9. https://doi.org/10.1016/j.sbspro.2015.01.470

Bouriga, S., & Olive, T. (2021). Is typewriting more resources-demanding than hand-
writing in undergraduate students? Reading and Writing, 34, 2227–55. https://
doi.org/10.1007/s11145-021-10137-6

Bui, D. C., Myerson, J., & Hale, S. (2013). Note-taking with computers: Exploring 
alternative strategies for improved recall. Journal of Educational Psychology, 105(2), 
299–309. https://doi.org/10.1037/a0030367

Chettaoui, N., Atia, A., & Bouhlel, M. S. (2022). Examining the effects of embodied 
interaction modalities on students’ retention skills in a real classroom context. Journal 
of Computers in Education. https://doi.org/10.1007/s40692-021-00213-9

Frangou, S.-M. (2020). Write to recall: An embodied knowledge construction model 
of affects in writing. [Doctoral dissertation, University of Lapland]. Acta Electronica 
Universitatis Lapponiensis, 272. http://urn.fi/URN:ISBN:978-952-337-188-0

Frangou, S.-M., Ruokamo, H., Parviainen, T., & Wikgren, J. (2018). Can you put 
your finger on it? The effects of writing modality on Finnish students’ recollection. 
Journal of Writing Systems Research, 10(2), 82–94. https://doi.org/10.1080/1758
6801.2018.1536015

Frangou, S.-M., Wikgren, J., Sintonen, S., Kairaluoma, L., & Vasari, P. (2019). The 
effect of writing modality on recollection in children and adolescents. Research in 
Learning Technology, 27, 2239. https://doi.org/10.25304/rlt.v27.223

Georgiou, Y., & Ioannou, A. (2021). Developing, enacting and evaluating a learning 
experience design for technology-enhanced embodied learning in math classrooms. 
TechTrends, 65, 38–50. https://doi.org/10.1007/s11528-020-00543-y

Gillespie Rouse, A., Graham, S., & Compton, D. (2017). Writing to learn in science: 
Effects on grade 4 students’ understanding of balance. The Journal of Educational 
Research, 110(4), 366–79. https://doi.org/10.1080/00220671.2015.1103688

Graham, S. (2018). A revised writer(s)-within-community model of writing. 
Educational Psychologist, 53(4), 258–79. https://doi.org/10.1080/00461520.201
8.1481406

Graham, S., Kiuhara, S. A., & MacKay, M. (2020). The effects of writing on learning 
in science, social studies, and mathematics: A meta-analysis. Review of Educational 
Research, 90(2), 179–226. https://doi.org/10.3102/0034654320914744

Haas, C. (1996). Writing technology studies on the materiality of literacy. Lawrence 
Erlbaum Associates. https://doi.org/10.1109/tpc.1997.649562

Kiefer, M., Schuler, S., Mayer, C., Trumpp, N. M., Hille, K., & Sachse, S. (2015). 
Handwriting or typewriting? The influence of pen- or keyboard-based writing train-
ing on reading and writing performance in preschool children. Advances in Cognitive 
Psychology, 11(4), 136–46. https://doi.org/10.5709/acp-0178-7

https://doi.org/10.1016/j.sbspro.2015.01.470
https://doi.org/10.1007/s11145-021-10137-6
https://doi.org/10.1007/s11145-021-10137-6
https://doi.org/10.1037/a0030367
https://doi.org/10.1007/s40692-021-00213-9
http://urn.fi
https://doi.org/10.1080/17586801.2018.1536015
https://doi.org/10.1080/17586801.2018.1536015
https://doi.org/10.25304/rlt.v27.223
https://doi.org/10.1007/s11528-020-00543-y
https://doi.org/10.1080/00220671.2015.1103688
https://doi.org/10.1080/00461520.2018.1481406
https://doi.org/10.1080/00461520.2018.1481406
https://doi.org/10.3102/0034654320914744
https://doi.org/10.1109/tpc.1997.649562
https://doi.org/10.5709/acp-0178-7


62  Satu-Maarit Korte and Minna Körkkö

Kosmas, P., & Zaphiris, P. (2020). Words in action: Investigating students’ language 
acquisition and emotional performance through embodied learning. Innovation in 
Language Learning and Teaching, 14(4), 317–32. https://doi.org/10.1080/1750
1229.2019.1607355

Lee, B. J. (2021). Writing medium’s impact on memory: A comparison of paper vs. 
tablet. Technology in Language Teaching & Learning, 3(2), 51–66. https://doi.
org/10.29140/tltl.v3n2.575

Lund, K., Niccolai, G. P., Lavoué, E., Hmelo-Silver, C., Gweon, G., & Baker, M. 
(Eds.). (2019). A wide lens: Combining embodied, inactive, extended, and embed-
ded learning in collaborative settings. In 13th international conference on computer 
supported collaborative learning. Conference proceedings, Volume 1.

Mangen, A. (2018). Modes of writing in a digital age: The good, the bad and the 
unknown. First Monday, 23(10). https://doi.org/10.5210/fm.v23i10.9419

Mangen, A., Andal, L. G., Oxborough, G. H., & Brřnnick, K. (2015). Handwriting 
versus keyboard writing: Effect on word recall. Journal of Writing Research, 7(2), 
227–47. https://doi.org/10.17239/jowr-2015.07.02.1

Martin, A., Tarnanen, M., & Tynjälä, P. (2021). Narratives of professional develop-
ment in a teachers’ creative writing group. New Writing, 18(4). https://doi.org/10
.1080/14790726.2021.1900274

Mayer, C., Wallner, S., Budde-Spengler, N., Braunert, S., Arndt, P. A., & Kiefer, M. 
(2020). Literacy training of kindergarten children with pencil, keyboard or tablet 
stylus: The influence of the writing tool on reading and writing performance at the 
letter and word level. Frontiers in Psychology, 10, 3054. https://doi.org/10.3389/
fpsyg.2019.03054

McClelland, E., Pitt, A., & Stein, J. (2015). Enhanced academic performance using a 
novel classroom physical activity intervention to increase awareness, attention and 
self-control: Putting embodied cognition into practice. Improving Schools, 18(1), 
83–100. https://doi.org/10.1177/1365480214562125

Nicolau, H., & Joaquim, J. (2012). Touch typing using thumbs: Understanding the 
effect of mobility and hand posture. In Proceedings of the SIGCHI Conference on 
Human Factors in Computing Systems (pp. 2683–6). ACM. https://doi.
org/10.1145/2207676.2208661

Opetushallitus. (2014). Perusopetuksen opetussuunnitelman perusteet 2014 [National 
Core Curriculum for Basic Education 2014]. Finnish National Board of Education.

Spilling, E. F., Rønneberg, V., Rogne, W. M., Roeser, J., & Torrance, M. (2022). 
Handwriting versus keyboarding: Does writing modality affect quality of narratives 
written by beginning writers? Reading and Writing, 35, 129–53. https://doi.
org/10.1007/s11145-021-10169-y

Van Galen, G. P. (1991). Handwriting: Issues for a psychomotor theory. Human Movement 
Science, 10(2–3), 165–91. https://doi.org/10.1016/0167-9457(91)90003-g

Van Wijk, C. (1999). Conceptual processes in argumentation: A developmental per-
spective. In G. Rijlaarsdam, E. Espéret (Series Eds.), M. Torrance, & D. Galbraith 
(Vol. Eds.), Studies in writing: Vol. 4. Knowing what to write: Conceptual processes in 
text production (pp. 31–50). Amsterdam University Press.

Wilson, A. D., & Golonka, S. (2013). Embodied cognition is not what you think it is. 
Frontiers in Psychology, 4, 58. https://doi.org/10.3389/fpsyg.2013.00058

Yeganeh Doost, M., Orban de Xivry, J. J., Bihin, B., & Vandermeeren, Y. (2017). Two 
processes in early bimanual motor skill learning. Frontiers in Human Neuroscience, 
11, 618. https://doi.org/10.3389/fnhum.2017.00618

https://doi.org/10.1080/17501229.2019.1607355
https://doi.org/10.1080/17501229.2019.1607355
https://doi.org/10.29140/tltl.v3n2.575
https://doi.org/10.29140/tltl.v3n2.575
https://doi.org/10.5210/fm.v23i10.9419
https://doi.org/10.17239/jowr-2015.07.02.1
https://doi.org/10.1080/14790726.2021.1900274
https://doi.org/10.1080/14790726.2021.1900274
https://doi.org/10.3389/fpsyg.2019.03054
https://doi.org/10.3389/fpsyg.2019.03054
https://doi.org/10.1177/1365480214562125
https://doi.org/10.1145/2207676.2208661
https://doi.org/10.1145/2207676.2208661
https://doi.org/10.1007/s11145-021-10169-y
https://doi.org/10.1007/s11145-021-10169-y
https://doi.org/10.1016/0167-9457%2891%2990003-g
https://doi.org/10.3389/fpsyg.2013.00058
https://doi.org/10.3389/fnhum.2017.00618


DOI: 10.4324/9781003341604-10
This chapter has been made available under a CC-BY-NC-ND license.

Introduction

This chapter explores how an embodied approach to silent reading activities in 
school creates a more qualified understanding of the challenges that arise in 
the reading situation during long-form silent reading. This examination is 
based on qualitative analyses of empirical data from two different studies. The 
practice-oriented purpose behind this analysis is to clarify how an embodied 
perspective can support teachers’ framing of silent reading activities in a more 
productive way.

The examination focuses on fiction reading for two key reasons. Firstly, fic-
tion is the most common genre read during long-form silent reading in school. 
Secondly, the reader must be able to perform deep reading to be absorbed into 
the fictional world, which is necessary to have a meaningful reading experience 
(Hauer, 2020). Achieving deep reading competence is thus crucial for reading 
pleasure and future reading motivation (Guthrie & Wigfield, 2000).

Contemporary pedagogical practices encourage a communicative and inter-
active approach (Bellanca & Brandt, 2010). This approach influences both the 
character of the learning activities and the organisation of the physical envi-
ronment in the class. For instance, learning activities are initiated as collabora-
tive exercises: Pupils are seated at group tables, instructed to move around, or 
encouraged to leave the classroom and work in open group areas (Hauer, 
2020). However, silent, sedentary, and non-communicative activities are also 
a part of the curriculum. The individual practice of silent reading in class is one 
such activity, and pupils need suitable conditions to engage optimally in this 
activity as well.

Individual silent reading requires that the reader establishes and maintains 
a focused and attentive attitude when at the same time, their embodiments are 
controlled (McLaughlin, 2015; Wolf, 2016). Thus, silent reading is an activity 
that McLaughlin (2015) describes as highly “disciplined”.

7	 Long-form silent reading in 
the contemporary classroom
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This bodily mastering of the reading practice is especially significant during 
concentrated long-form reading, also called “deep reading” (Wolf, 2016; Wolf 
& Barzillai, 2009). Pupils are expected to perform deep reading in educational 
settings, though research indicates that this kind of reading has become 
increasingly challenging for contemporary (young as well as adult) readers due 
to changes in reading habits and reading attention (Hauer, 2020; Wolf, 2016; 
Wolf & Barzillai, 2009).

Within the last couple of decades, there has been a growing focus on the 
body’s importance in reading, but the research is scarce when it comes to 
empirical studies of embodied reading in a school context (Mangen & van der 
Weel, 2016; Trasmundi et al., 2021). Mostly, the bodily perspective has been 
related to early literacy practices—i.e., reading aloud or beginner reading 
activities (Heath, 1982; Trasmundi & Cowley, 2020). When it comes to 
skilled readers who practise individual, silent, long-form reading, research has 
focused less on embodied reading processes and more on cognitive outcomes 
(Cain et al., 2015; Wolf, 2016). There is thus a gap between actual empirical 
studies of these reading processes and the theory of embodied cognition.

Theoretical background

That reading is an embodied and embedded activity is claimed both in phe-
nomenology (Bachelard, 1958/1994) sociology (McLaughlin, 2015) and in 
embodied cognition-inspired theories of reading (Kuzmičová, 2016; 
Trasmundi et al., 2021).

However, the reading body often tends to be empirically overlooked—
especially in cases of skilled silent reading—because it is considered a seden-
tary, immobile, mental, and passive activity. This is also the case in an 
educational context, which primarily focuses on reading as a cognitive activity 
related to, e.g., decoding, speed, and text comprehension (Cain et al., 2015). 
Nevertheless, the embodied perspective highlights that reading is something 
we perform with our bodies, too, and that body and cognition must be con-
sidered inseparable. This embodied approach is also crucial in an educational 
context (Hillesund et al., 2022).

Deep reading, in particular, requires readers to be able to focus on the text 
for a longer continuous period. They need to be able to maintain and move their 
gaze appropriately and not have their attention disturbed by external distrac-
tions, such as noises and movements. The materiality of the reading medium—
such as screen or paper—has an influence too (Mangen & van der Weel, 2016).

The bodily aspect of reading is also related to the affective and emotional 
dimension, which is significantly observable during fiction reading. When 
readers are caught up or moved while reading, both emotions and physical 
sensations arise in them. For example, the reader can cry or spontaneously 
burst out laughing when reading (Littau, 2006).

Research shows that we often prefer to read in places that are withdrawn, 
private, and quiet (Bachelard, 1958/1994; McLaughlin, 2015). A reason for 
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this may be that we need a safe space to allow ourselves to be transported into 
the text. For instance, McLaughlin (2015) highlights the bed as a favourite 
place to read.

In his 1958 book La Poétique de L’espace [The Poetics of Space], philosopher 
Gaston Bachelard examines, through readings of literary texts, the character 
and significance of intimate places and what they mean for us as human beings. 
Intimate places are where we can withdraw and indulge ourselves in dreams—
and in reading. Bachelard emphasises the home generally as an intimate place, 
and more specifically, beds, nests, wardrobes, and corners. He points out that 
the corner contains both an openness and a closedness, creating the possibility 
for withdrawal and for an existential and imaginative openness to the universe.

Anežka Kuzmičová (2016) has also discussed the significance of reading 
places within an embodied cognition perspective. She argues for a close con-
nection between our reading experience and the specific setting in which we 
read, claiming that the reading environment affects the reader’s attention and 
experience. The other way around, the reading experience can also influence 
the reading setting. For example, an anonymous hotel room can become cosy 
if we read one of our favourite novels during the stay.

Long-form fiction reading in spare time is often practised alone. However, 
historically, individual reading was typically practised together—e.g., in mon-
asteries and university libraries—before it became a predominantly private 
domestic activity (Littau, 2006). And an empirical study of current silent read-
ing practice among students in social settings shows that reading in company 
can have a positive effect on reading concentration (Kuzmičová et al., 2018). 
It can be more motivating to read together with others because you are part 
of a social practice that helps to build and consolidate your identity as a reader 
(and student). Besides, some people feel less alone, and for that reason more 
safe, than if they read alone at home.

The relation between the body and environment in reading is not only con-
nected to the here and now but also involves the ecology of the reader-text 
relation—that is, how the reader’s lived experience and life circumstances affect 
their reading situation. Such ecological perspectives have emerged in literary 
reception theory (Rosenblatt, 1978/1994), in reading sociology (Heath, 
1982), as well as in recent reading research within an embodied cognition per-
spective (Trasmundi & Cowley, 2020). Thus, 4E cognition and a distributed 
cognition perspective allow for silent reading to be considered as shaped by 
social, homogeneous dynamics and by individual life experiences that impact 
the reader’s embodiment, cognition, interaction (with readers, non-readers, 
and reading tools), memory, imagination, etc. (Trasmundi et al., 2021).

Empirical studies

Against this theoretical background, the chapter’s empirical study takes an 
embodied perspective on individual reading of longer fiction texts in the class-
room. The data presented derives from two qualitative studies. First, an 
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ethnographic study that investigates how individual long-form reading in and 
outside of school challenges pupils’ ability to deep read. Data consists of inter-
views, classroom observations, pupil evaluations, questionnaires, and reading 
assessments from three grade 8 classes (70 pupils; ages 14–15) at the same 
school in Denmark and was collected in 2017 (see Hauer, 2020, for an elabo-
rate description of the study).

The second study is a pilot study of the effect of introducing a “reading 
for pleasure” programme in upper secondary school. This study includes 
observations and informal discussions with pupils, teachers, and directors 
from three high schools in Denmark, as well as pupils’ responses on ques-
tionnaires distributed by the schools. Data was collected from 2017 to 2021 
(Hauer, 2021).

The combination of observations of the readers’ embodiment and embed-
dedness in the reading situation and the verbal expressions from the pupils (in 
interviews and questionnaires) about their reading experience makes it meth-
odologically possible in both studies to adopt a 4E perspective.

In the first study, the pupils are pseudonymised; in the second study, they 
are anonymous. Except in the case of the first example, the pupils chose the 
reading material themselves. They all read in print, and consequently, the 
question about print versus screen reading will not be discussed in this 
chapter.

As the different studies use different designs, direct comparisons are not 
possible. However, each study contributes in a different way to how an embod-
ied approach can qualify long-form silent reading in school.

Reading environment matters

During the first study, the grade 8 pupils are obliged to sit in the class and 
silently read a novel selected by the teacher. These reading sessions illustrate 
how the environmental conditions impact their reading. The three classes are 
referred to as class X, Y, and Z.

Class X occupies a spacious room with large windows at the end of a hall-
way, with plenty of space for the pupils’ tables. The teacher frames the silent 
reading clearly as a learning activity. She kindly calms the pupils down if they 
become restless, and she indicates exactly how long the activity should con-
tinue. The door to the hallway remains closed, except when the teacher opens 
it to ask the pupils outside to be quiet. Otherwise, she walks around quietly 
and arranges the room, waters the flowers, etc., as the pupils read.

Both classes Y and Z have smaller and darker classrooms. The pupils’ tables 
take up almost all the space in the room, it is difficult to move around, and the 
air is often stuffy. The door is occasionally open, and in class Y, pupils are wel-
come to go outside and read in the hallway at group tables.

A beanbag chair is placed in one of the corners of class Y. It is popular to sit 
in this chair, and it is often occupied by a specific pupil with high academic and 
social status. She picks some friends to sit next to her in the corner.
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In class Z, there is a particularly high degree of bodily restlessness among 
the pupils. There is never more than five minutes during the observation with-
out noise. Pupils in this class are allowed to listen to music on headphones 
while reading, and some choose to do so. One of the pupils tries to sit under 
his table to read. Another pupil, who has great difficulty concentrating on 
reading, intentionally disturbs others by making his chair creak. It is unclear 
for how long the pupils need to read, and they can choose to do other—
group-based and communication-based—activities instead.

Afterwards during interviews, pupils in classes Y and Z express frustration 
over the reading situation that made it impossible for them to deep read.

The pupil Marie says,

	–	 I just can’t concentrate on reading at all, even though I really want to. I 
read only 18 pages today. (Z)

When the pupils later are asked to reflect on “good reading places at school”, 
both inside and outside the class, the pupil Kristoffer exclaims,

	–	 School is probably the worst place to read. (Y)

Otherwise, pupils from the Y and Z classes, who like to read in their spare 
time, report that they often read in bed or in an especially furnished read-
ing nook that makes it possible to become absorbed in the book. Johannes 
says,

	–	 I read upstairs in my room. I […] have such a cosy nook I can sit in […] 
so I can just sit and shut everything out. (Y)

The different environmental conditions for reading in different classes at the 
same school affect not just the pupils’ concentration and ability to deep read, 
but also their reading experience and the degree of imagination and absorption. 
The well-defined calm and safe environment that the teacher creates in class X 
gives pupils the opportunity to perform silent reading together in a productive 
way. However, the pupils in the other two classes struggle to establish an appro-
priate calm, comfortable, and focused reading situation that affords deep read-
ing. This struggle is expressed in the pupils’ bodily reactions.

Those who want to read seek to establish intimate and withdrawn reading 
places by searching towards the beanbag chair in the corner or down under the 
table, or they shield themselves with headphones or hoodies that function as 
kind of “transportable corners” when no real corners are available. However, 
some pupils who seem particularly challenged by the activity act out their frus-
tration by obstructing the deep reading practice—for example, through noisy 
behaviour. These pupils are unable to establish a productive reading environ-
ment on their own and need guidance through a clearer and more body-oriented 
framework.
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Undisturbed reading highlights embodiment

Later in the same study, a semi-experimental set-up is initiated. Now, the 
grade 8 pupils have to read a self-chosen print book, a novel, for 30 minutes 
while they wear earplugs (instead of headphones with music). While reading, 
their computers and cell phones are turned off, which means they read totally 
offline. In this study, all pupils read in class, on their seats, with the door 
closed for a clearly defined time span and in almost total silence due to the 
earplugs.

Pupils across all three classes report afterwards that they felt more con-
centrated and absorbed in the reading than usual. They could better remem-
ber what they have read and they had richer mental imagery, indicating a 
greater degree of deep reading under these specific conditions (Hauer, 
2020).

The pupil Josefine explains,

	–	 I think it was like that I could remember more easily, and it was a lot more 
like that—it all just suddenly became completely quiet […] and you were 
not disturbed by anything, so you were just like “inside” the book. (Y)

But many of the pupils also reported becoming exhausted during the reading 
and noticing their bodies’ sensory interaction with the surroundings:

David elaborates,

	–	 I was very focused to begin with, but then I got tired for some reason 
and then it was like I was starting to notice how uncomfortable the chair 
was. (Y)

Some of the pupils found it distressing to read with earplugs because they 
could hear their own body, their breathing, and heartbeat. Thea explains,

	–	 You can hear yourself—how you breathe and the heartbeat. For me, it’s 
like my body is a box I listen into. (Z)

The silence and sonic withdrawal from classmates (and electronic devices) 
were challenging for many of the pupils. It was beneficial for a focused and 
absorbed reading experience, but at the same time, it was uncomfortable 
for the pupils to sense their own bodies. In an embodied and ecological 
perspective, however, continued practice of the activity would make the 
pupils more familiar with these sensations and thereby reduce their 
discomfort.

The experiment confirms that more focus on embodiment and embedded-
ness can help inform pedagogical reading designs, especially when it comes to 
deep reading of fiction. This finding leads us to the last example, where an 
embodied approach is shown more explicitly.
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Embodied grounding during silent reading fosters motivation and deep 
learning

In recent years, numerous Danish high schools have launched a sustained 
silent reading initiative often called “reading for pleasure” (lystlæsning) (Hauer, 
2021). The purpose is not only to strengthen the pupils’ reading competences 
and joy of reading but, more broadly, help them to develop and thrive.

At one of the high schools (Tårnby Gymnasium), the reading for pleasure 
activity is always kicked off by the principal, who uses the loudspeaker system to 
announce when it is time to practise silent reading together. Another school 
(Ørestad Gymnasium) has an experimental interior design with a large open 
space containing several floors, where the majority of the school’s pupils literally 
sit and read together. This points beyond the class to a larger community, where 
pupils simultaneously and in company can train an individual learning activity. 
At other schools, pupils are allowed to sit as they please in class—for example, on 
the floor or with their legs up. Hence, they are allowed to establish a “safe space” 
or a “reading corner” which affords the best conditions for deep reading.

Questionnaire surveys collected at the high schools generally show great 
support for these initiatives among the pupils (Hauer, 2021). Four pupils from 
the Falkonergårdens Gymnasium explain why they like the initiative:

	–	 It is nice, relaxing and you create a calmness inside yourself, in contrast to 
the very heavy text you sometimes need to read [for studying]. It gives you 
a sense that reading is not only boring.

	–	 It calms you down and you can find yourself before the [next] class starts.

	–	 I think it’s a good idea and it’s helped me read more.

	–	 It has given me inspiration to read in my spare time and I read my home-
work faster and with greater pleasure.

These comments reveal that silent reading activities based on self-chosen read-
ing material offer the pupils the opportunity to withdraw and calm down. It 
supplies them with energy to cope with a challenging school day dominated by 
more extroverted and communicative activities.

This bodily cognitive contemplation offers not only a break but also pro-
vides better conditions for focus and concentration. There seems to be a con-
nection between embodied grounding and the possibility of more concentrated 
and deep learning (Hauer, 2020).

However, the pupils report that the effect is missing if they are embedded 
in an unpleasant, interruptive environment. Observations also show that it is 
of great importance whether the teacher participates in—and thus bodily 
“performs”—the silent reading activity the same way as the pupils.

According to the pupils, the activity strengthens both their reading practice 
and their motivation to read—even beyond the school setting for some pupils. 
At the same time, silent reading helps them to read homework texts in a more 
concentrated way.
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It is thus likely that the bodily cognitive habit, which is strongly manifested 
through sustained silent reading for pleasure, has an impact on other similar 
silent, individual, and independent activities inside and outside school.

Discussion and implications for education

The empirical studies throw light on very different conditions for the pupils’ 
silent reading activities in school. As the first example shows, a calm, comfort-
able, and clearly defined reading environment, with a supportive teacher, offers 
pupils the best possibilities to concentrate and absorb themselves in the text. 
However, the school does not always provide opportunities for this engage-
ment, which is especially problematic for pupils who are strongly challenged in 
terms of reading motivation and ability to practise deep reading.

The second example confirms that deep reading does not mean less bodily 
awareness but seems to create a stronger environmental sensibility and 
embodied experience. This is also the case in absorbed fiction reading, even 
though it is an activity often associated with disconnection from the real-
world setting.

Both examples reveal that individual silent reading is a cognitive challenge, 
conditioned by the materiality of the environment as well as social interaction. 
When some of the more challenged readers react by disturbing other readers, 
it is particularly problematic because individual reading in company potentially 
makes the reading experience more comfortable and safe. Silent reading 
together in the contemporary classroom can—within the right framing—also 
be productive, which is confirmed by the last example. However, it is worth 
noting that the pupils here are older and study on a higher academic level 
compared to the first study.

Both studies show that, at all levels of the school system, when silent read-
ing is practised it is crucial to consider embodiment and embeddedness—
including environmental framework, social interaction in the class, the teacher’s 
behaviour, and, ideally, the individual pupil’s reader identity and reader his-
tory—to create the best conditions for focused deep reading, as well as a pleas-
ant reading experience.

Successful silent reading not only supports general reading skills and 
strengthens reading pleasure but also makes the reading experience more valu-
able for the reader. It gives pupils an opportunity, in a communicative and 
extroverted school life, to withdraw and find a mindful bodily state that can 
also contribute to well-being and a state of thriving. Besides, the bodily cogni-
tive training of independent silent reading as an individual, cognitively 
demanding learning activity potentially leads to or improves other individual 
and independent in-depth learning activities. An embodied perspective on 
long-form silent reading can, therefore, be transferred to similar learning 
activities, where pupils must be able to perform—and feel comfortable with—
focused and concentrated work on a specific task.



Long-form silent reading in the contemporary classroom  71

References
Bachelard, G. (1994). The poetics of space. Beacon Press. (Original work published 

1958)
Bellanca, J., & Brandt, R. (Eds.). (2010). 21st century skills: Rethinking how students 

learn. Solution Tree Press.
Cain, K., Elbro, C., & Oakhill, J. (2015). Understanding and teaching reading compre-

hension. Routledge.
Guthrie, J. T., & Wigfield, A. (2000). Engagement and motivation in reading. In M. 

L. Kamil, P. B. Mosenthal, P. D. Pearson, & R. Barr (Eds.), Handbook of reading 
research (Vol. 3, pp. 403–22). Routledge.

Hauer, K. (2020). Læsning og fordybelse: En teoretisk og empirisk undersøgelse af fordybet 
skønlitterær læsning med særligt fokus på unge læseres romanlæsning i faget dansk 
[Reading in depth: A theoretical and empirical investigation of literary deep reading 
with focus on young readers reading novels in school] [Doctoral dissertation, University 
of Copenhagen].

Hauer, K. (2021). Lystlæsning i gymnasiet: Potentialer og opmærksomhedspunkter 
[Reading for pleasure in high school: Potentials and attention points]. EMU, Ministry 
of Children and Education [Denmark].

Heath, S. B. (1982). What no bedtime story means: Narrative skills at home and 
school. Language in Society, 11(1), 49–67. https://doi.org/10.1017/
S0047404500009039

Hillesund, T., Schilhab, T., & Mangen, A. (2022). Text materialities, affordances, and 
the embodied turn in the study of reading. Frontiers in Psychology, 13. https://doi.
org/10.3389/fpsyg.2022.827058

Kuzmičová, A. (2016). Does it matter where you read? Situating narrative in physical 
environment. Communication Theory, 26(3), 290–308. https://doi.org/10.1111/
comt.12084

Kuzmičová, A., Dias, P., Vogrinčič Čepič, A., Albrechtslund, A.-M. B., Casado, A., 
Kotrla Topić, M., Mínguez López, X., Nilsson, S. K., & Teixeira-Botelho, I. (2018). 
Reading and company: Embodiment and social space in silent reading practices. 
Literacy, 52(2), 70–7.

Littau, K. (2006). Theories of reading: Books, bodies and bibliomania. Polity Press.
Mangen, A., & van der Weel, A. (2016). The evolution of reading in the age of digiti-

sation: An integrative framework for reading research. Literacy, 50(3), 116–24. 
https://doi.org/10.1111/lit.12086

McLaughlin, T. (2015). Reading and the body: The physical practice of reading. Palgrave 
Macmillan.

Rosenblatt, L. M. (1994). The Reader, the text, the poem: The transactional theory of the 
literary work. Southern Illinois University Press. (Original work published 1978)

Trasmundi, S. B., & Cowley, S. (2020). Reading: How readers beget imagining. 
Frontiers in Psychology, 11, 10.3389. https://doi.org/10.3389/fpsyg.2020.531682

Trasmundi, S. B., Kokkola, L., Schilhab, T., & Mangen, A. (2021). A distributed per-
spective on reading: Implications for education. Language Sciences, 84. https://doi.
org/10.1016/j.langsci.2021.101367

Wolf, M. (2016). Tales of literacy for the 21st century. Oxford University Press.
Wolf, M., & Barzillai, M. (2009). The importance of deep reading: What will it take for 

the next generation to read thoughtfully—Both in print and online? Educational 
Leadership, 66(6), 33–7.

https://doi.org/10.1017/S0047404500009039
https://doi.org/10.1017/S0047404500009039
https://doi.org/10.3389/fpsyg.2022.827058
https://doi.org/10.3389/fpsyg.2022.827058
https://doi.org/10.1111/comt.12084
https://doi.org/10.1111/comt.12084
https://doi.org/10.1111/lit.12086
https://doi.org/10.3389/fpsyg.2020.531682
https://doi.org/10.1016/j.langsci.2021.101367
https://doi.org/10.1016/j.langsci.2021.101367


DOI: 10.4324/9781003341604-11
This chapter has been made available under a CC-BY-NC-ND license.

Introduction

While it is a fact that teenagers, in general, read less than before, struggle with 
long-form reading, and report a decline in the joy of reading (see Baron & 
Mangen, 2021; OECD, 2019), it is a remaining question what causes this 
unfortunate development. The answer is most likely that it is not only one 
thing but rather a mix of different sociocultural and technological conditions. 
In this chapter, we do not intend to provide an overarching explanation of the 
causes. Rather, we want to point to one element that we consider relevant 
across (reading) cultures, which will serve as one tangible starting point (of 
many) for changing the trajectory: the disembodied assumptions underlying 
how reading is conceived and taught at schools and universities. These assump-
tions consolidate in a view of reading as a matter of mentally decoding sym-
bols. A mental view on reading entails a brain-bound teaching strategy which 
overlooks how the body is involved in sense-making of a text (cf. Trasmundi, 
Holmstedt, & Nielsen, 2022a; Trasmundi, Mangen, et al., 2021; Trasmundi, 
Toro & Mangen, 2022b).

While there is a dawning realisation that the body is crucial for meaning-
making in reading, this framework is only currently being developed in empiri-
cal studies of reading. Further, the reading paradigms continue to disagree 
about the role, function, and value of the brain, body, and context for reading 
processes. The disagreement originates in opposing conceptions of the mind. 
In one view—cognitivism—the mind is treated as a computing, data-crunching 
machine (see Simon & Newell, 1964). In an alternative view—embodied, 
extended, enacted, and embedded cognition (4E cognition), which is the cen-
tral theme of this book—the mind is treated as emerging from the body’s 
adaptive interaction with the environment (see Thompson, 2007). The way 
we conceive the mind’s nature has deep implications for how we understand 
learning and its related processes, such as memory, perception, and problem-
solving. These implications are not just scientific or philosophical; they are 
primordially practical. Cognitive assumptions of how learning emerges are 
reproduced across societal domains and are reflected in education policies and 
practices in classrooms (see Slavin, 2018).1
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We continue by presenting two opposed conceptions of the mind—cogni-
tivism and 4E cognition—and relate them to learning. Then, we focus on two 
central issues in education that play a crucial role in how reading is taught, 
learned, and assessed: (1) the notion of (reading) habits and how they can 
either foster or inhibit imaginative and critical reading processes, and (2) the 
notion of microaggressions that describe how teachers inadvertently implement 
a specific model of reading that discourages abnormal or deviant ways of read-
ing according to the learning culture. We conclude by reflecting on how 
implementing some core assumptions of the cognitivist model of reading 
impacts the students’ experiences negatively, and we offer recommendations 
to enhance conditions for students to enjoy reading and to engage creatively 
and critically with the text despite the effort that it demands.

Cognitivism and 4E cognition

The origins of cognitive science date back to the 1950s. Inspired by Alan 
Turing’s development of the Turing machine, the analogy to understand the 
human mind was the computer. The computer metaphor was simple and con-
vincing: humans manipulate information just like a computer does. Humans 
receive an input through the senses, generate a representation based on that 
input, and then act in accordance with that representation (output). 
Importantly, in this model of the mind, cognitive processes occur within the 
brain, and the person’s body is merely an instrument to obtain inputs and 
execute outputs. This cognitivist conception of the mind has been highly influ-
ential in academia and beyond, permeating educational practices (see Slavin, 
2018; Trasmundi & Cowley, 2020). As Jerome Bruner, a central figure in the 
educational sciences in the 20th century, formulated it, “There is a widespread 
and not unreasonable belief that we should be able to discover something about 
how to teach human beings more effectively from knowing how to programme 
computers effectively” (2009, p. 160, emphasis in original).

Up until the 1990s, cognitivism was the dominant model of cognition, and 
even though many competing theories currently question this model, it con-
tinues to be endorsed, at least partially, by many cognitive scientists. For the 
purpose of this chapter, we focus on two tenets of cognitivism that are still at 
the basis of many theories about the mind: the role of the body in cognition is 
secondary (non-constitutive), and the cognitive processes are in principle 
explainable in terms of brain processes (see Adams & Aizawa, 2010). These 
are the theses of cognitivism we make reference to when we talk about cogni-
tivism in this text). One of the strongest critiques of cognitivism was devel-
oped in the late 1980s and early 1990s: In embodied cognition, the body’s 
relation to its environment plays an active role beyond its instrumental func-
tion (see Thompson, 2007).

The general claim that many theories within the embodied cognition para-
digm share is that in all cognitive processes, the body, the mind, and the world 
are co-dependent constituents of meaningful agency. According to embodied 
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perception theories, an individual does not scan the environment for objects 
to be represented in the mind, and perception is not neutral. Rather, an 
agent’s perception is already meaningful. Depending on (in our case) a 
reader’s bodily skills, needs, desires, and practical knowledge, they can 
exploit what the environment offers in various ways (see Gibson, 1979; 
Merleau-Ponty, 1945/2012). Consider how a book invites multiple uses 
depending on what you want to achieve: read, decorate, hit an insect, etc. 
Gibson (1979) called such invitations “affordances”. The claim that we per-
ceive the world as opportunities for action has great potential to address 
topics like creativity. Being creative is heavily dependent on the capability of 
a person’s ability to exploit and discover new ways of engaging with the 
world, so the landscape of affordances constantly changes and emerges in 
accordance with the person’s engagement (Rietveld & Kiverstein, 2014). 
This engagement is essentially an embodied skill as the person’s action and 
perception become interdependent: new affordances emerge as a result of 
the person’s interaction with the world. Certainly, this idea has direct impli-
cations for how we design learning situations in education, and the crucial 
question is, “Which affordances for learning do we intend to create for 
students?”

We subscribe to 4E cognition, which treats reading as a fully bodily phe-
nomenon. Reading emerges as the reader engages in culturally learned ways 
with the written material. It involves the reader’s brain, body, and engagement 
with the environment. Imagine how the reader engages the whole body when 
they leaf through pages, read out loud, point in the material, look away from 
the text, impose rhythmicality through bodily movements, etc., to control 
sense-making processes in reading.

Embodied learning thus involves interaction with the environment. In 
school, reading practices often involve interactions with other students and 
teachers, and also involve a mix of different tools (books, digital devices, pens, 
rulers, etc.) which afford different bodily actions (vocalising, gesturing, etc.). 
Yet, reading—in the embodied perspective—emphasises the multimodal 
aspects of how readers make sense through such interactions. Embodied cog-
nition can shed light on issues that had, until recently, been neglected by 
cognitivist-inspired approaches, that treat reading as dependent on only men-
talistic mechanisms (see Agustini & Francesconi, 2021). Since habits permeate 
all cognitive processes, including the way we engage with tools and interact 
with other people, we consider habits to be a central topic to understanding 
processes of learning involved in reading.

Habits

The embodied approach to cognition conceives habits in organicist terms, 
inspired by a long tradition initiated with Aristotle and developed in the last 
century by Merleau-Ponty, Dewey, and Gibson (see Barandiaran & Di 
Paolo, 2014). For this organicist trend, “habits are also related to a plastic 
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equilibrium that involves the totality of the organism, including other hab-
its, the body and the habitat they co-determine” (2014, p. 5). Habits are 
thus not mental but bodily inclinations to do things in specific ways. This 
inclination develops from a history of engaging with the world which sedi-
ments as a form of bodily identity (see Aagaard, 2020; Merleau-Ponty, 
1945/2012). Thus, habits constitute the very style of a person’s way of 
being-in-the-world based in experience, including how they relate to other 
people, attend to what is considered valuable, and ignore what is irrelevant 
(see Maiese, 2021). The guidance in the formation of habits that prepare 
students and pupils to engage with the future is, ideally, one of the main 
goals of education.

Importantly, in the formation of habits, there are genetic, psychological, 
and sociocultural constraints. In this chapter, we emphasise the power of social 
constraints that sculpt the reader’s engagement within a certain sociocultural 
practice. While the shaping of habits in the social domain is necessary for per-
forming regular tasks, it also fixates the reader’s habits. The stronger the social 
norms, the stronger the tendency to fix habits. When fixation of habits devel-
ops, it reduces the capacity to explore, create, and find alternative affordances 
in reading. The paradox in current reading practices reveals itself: We want 
students to follow rules (syntactic, semantic, and analytic rules to manage flu-
ency, precision, and speed), but we also want them to be creative and critical, 
which requires that they read slowly and stop and reflect. We argue that this 
balance between fluency/speed and stopping/reflection seems to be down-
played in Western reading practices at best, it is trained as an analytical skill 
applied after the actual reading, but not during reading, which is our point 
here. Hence our focus is to explore how one kind of reading habit dominates 
and manifests, and how, eventually, it leads to a decrease in the joy of 
reading.

Habits in reading

Some of the main habits that university students and school pupils struggle to 
develop and enact during reading are linear, silent, and still reading. This 
struggle stems from educational standards that describe the “good reader” as 
a silent reader, sitting at a table in a correct reading posture, focused on con-
stant and fluent symbolic decoding. This focus entails enacting a continuous 
reading flow, avoiding breaks from scanning, and using knowledge to deduce 
or retrieve what is most important in the text. We have observed these habits 
in a semi-experimental study designed as part of a larger research project aimed 
at studying how university students read. In the study, students aged between 
21 and 30 years old read a short story and an academic article on paper. We 
present here some of the experiential reports they gave as a way of substantiat-
ing our claims.

One of the students in the experiment almost proudly reported he managed 
to maintain focus throughout the reading:
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I think I was able to stay focused on the narrative and stuff like that, 
because this time I didn’t take any breaks.… My mind didn’t wander off 
to anything else.… I did try to like, make some perspectives to also myself, 
my own life and stuff like that, but nothing that made me stop reading.

The utterance indicates that students learn that breaks are undesirable interrup-
tions. They are taught that one central feature of skilled reading is that of keep-
ing non-related thoughts at bay. Another participant said that with a short story,

[Y]ou speed through it a little bit. I mean, to speed through is a bit harsh, 
but you go through it a lot quicker. You don’t need to make breaks.

The habit of controlling attention is coupled with bodily positioning: how to 
sit, hold the book, maintain gaze on the symbols in the text, etc. When the 
student is taught to sit still and eventually read silently, the instruction reenacts 
an ideal of reading as an activity where the body is a disturbance rather than an 
affordance. Surely, still reading is also a case of embodied reading, but it is a 
limit case, in which most of the affordances in the environment are being 
ignored, with concrete effects: It has been widely documented that embodied 
processes enable and constrain in specific ways memory and comprehension of 
texts (see Hillesund et al., 2022; Mangen, 2016). As an example, consider 
how reading out loud a few words in a text helps in making sense of them. 
One participant in our sub-study elaborates:

[S]ometimes when I read some of the texts for class, which have some 
longer and more complicated words, it helps me to say them out loud 
because otherwise my brain makes like a word mumbo-jumbo—then I 
have to slowly say it out loud, because otherwise I’ll be like “what?”

Reading out loud is often discouraged in the classroom, the student notes, 
leading her to restrain herself from doing so. She also reports,

[U]sually I only do that [reading words or sentences out loud] when I’m 
at home by myself. So, the moment I step outside of my own room, I stop.

Reading out loud and silently are very different embodied processes; however, 
the cognitivist approach makes no distinction because it prioritises abstract infor-
mation over concrete form. Further, since the reading research based on the 
cognitivist paradigm has focused on reading as decoding, self-initiated interrup-
tions (breaks from ocular scanning that are caused by the reader themself and 
not by, e.g., external disturbances) are deemed outside the task. We argue that 
an embodied perspective, which includes the context of reading, is better suited 
to embrace those breaks as affordances for creative and critical reading. See 
Trasmundi et al., 2024, for an analysis of how expert readers develop embodied 
strategies according to specific demands of the text and the task at hand.
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The importance of self-initiated interruptions, along with other embodied 
strategies that deviate from the steady flow of reading, is illustrated by one of 
the participants in our study. She elaborates on her experience of reading a 
short story: 

At some point I stopped [reading] because I was like, ‘well, this could be 
me!’

We argue that it is in those self-initiated interruptions that the reader estab-
lishes important connections between the text, their personal experiences, and 
imaginary possibilities—connections that are crucial for creative and critical 
forms of reading.

Microaggressions

Now we turn to the part of our argument that links the educational context 
with the view which promotes fixed and silent bodily habits of reading elabo-
rated earlier with younger readers’ reluctance to engage in reading. We claim 
that these habits are enforced in students and pupils by educational teaching 
practices that reflect a specific ideal of reading and learning. By that we mean 
that teachers (1) tend to teach in accordance with social expectations and 
mainstream, cognitivist reading models, (2) they use pre-designed tools avail-
able for teaching, and (3) they assess reading performance in accordance with 
policies, curricula, etc., presented to them. Our claim is that teachers—and 
students—conform to the norms and expectations in this particular education 
discourse. To enforce those norms and expectations, teachers often resort to 
microaggressions in the classroom. Specifically, our claim is that microaggres-
sions, in this context, target embodied styles of reading that deviate from the 
ideal of a silent, mental, fluent reading pattern.

The notion of microaggression refers to subtle, usually automatic, and non-
verbal forms of discrimination experienced by minority groups (Pierce et al., 
1977). Despite their subtlety and apparent innocuity, Pierce (1970) claims 
that “[t]he enormity of the complications they cause can be appreciated only 
when one considers that these subtle blows are delivered incessantly” (p. 265).

There are four elements of microaggressions that make them relevant for our 
discussion: (1) they are exerted by members of a hierarchically superior group 
(teachers) to hierarchically inferior persons (students/pupils); (2) they are con-
stant throughout an extended period; (3) teachers do not mean to degrade 
students even though students do feel misjudged; finally, (4) they highlight that 
the pupil/student deviates from some norm (cf. McTernan, 2018).

Building on our sub-study and also a previous, large ethnographic study on 
reading practices (see Trasmundi et al., 2022a; Trasmundi & Toro, 2023), we 
propose that teachers—mostly inadvertently—apply microaggressions in the 
classroom to implement a specific model of reading. Since the cognitivist 
model of reading focuses on mental information processing, those aspects of 
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reading that deviate from that model are seen as inadequate and dysfunctional 
“noise”. Deviating strategies of reading, like vocalising, moving around, mind 
wandering, engaging in extended imaginative processes, reading non-linearly, 
etc., are often perceived by teachers as a lack of concentration, task switching, 
and generally as behaviours to be corrected since they do not fit into the ideal 
or the “socially correct way of reading” (see Trasmundi et al., 2024).

Importantly, it is often bodily changes in reading that are seen as most prob-
lematic (gazing up, moving, imposing rhythm, etc.) because they are seen as 
disturbances and non-cognitive in the cognitivist perspective. For that reason, 
they are most commonly targeted through microaggressions. A microaggres-
sion could be a teacher’s gesture, such as a raised eyebrow, using index fingers 
to correct and guide the reader’s attention, silencing those who start vocalising, 
emphasising the importance of speed, flow, and accuracy over other aspects, 
etc. One challenge enforced by the cognitivist, disembodied view of reading is 
that the affective-experiential aspect is downplayed, a dimension which, in our 
data, proves crucial for the reading experience—both in terms of understand-
ing and connecting and engaging with the text more broadly. Motivation 
indeed determines the experience and the quality of reading. This was a recur-
ring topic raised by participants in our sub-study. One mentioned with 

Obviously motivation also matters. Sometimes I just feel ‘I don’t want to 
do this’. And then, obviously it’s very hard to concentrate.

And another mentioned,

I’m a picky reader. When it comes to books, I am. I have to be 100% 
invested. And if I am 100% invested I am like “Oh, what is the next 
page?”. That’s why I just kind of go through it really quickly.

Recommendations for education

These few qualitative excerpts underline the need for alternative ways of under-
standing reading that overcome the mentalistic limitations of the cognitivist 
approach. We suggest a model of reading in which open-ended processes of 
bodily engagement—such as creativity, imagination, and critical thinking—are 
foregrounded (see Malafouris, 2013; Noë, 2015). First, this embodied alternative 
is a more true-to-life model of reading which emphasises the multisensory aspects 
of reading and favours messy reading patterns where breaks are part of the pro-
cess. Second, the alternative model can potentially revolutionise the educational 
system as it encourages teaching a broader portfolio of habits. Naturally, this shift 
of attention would require a corresponding shift in how reading is taught, 
assessed, and valued. Over time, it will lead to different habits as readers adapt to 
social rules of engaging the body more intelligently in the reading. We anticipate 
that those habits are more aligned with a natural, playful form of engagement and 
that they, in turn, will generate a more joyful experience for the reader.
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Surely, enabling conditions for the student to become an engaged and 
motivated reader depends on many elements, many of which are beyond the 
control of the educational institution or the teacher. However, a starting point 
for teachers and policymakers to change the current situation of disenchant-
ment with reading is to become aware of these elements that have remained 
hidden for so long. Those are (1) that the model of reading currently aligned 
with teaching in school reflects a conception of the mind that is flawed and 
problematic if the aim is to educate critical and creative thinkers and make 
education relevant, joyful, and engaging; (2) that inadvertently, well-meant 
teachers are enforcing this model in classrooms through microaggressions; 
and (3) that the model of reading being taught neglects some of the most 
relevant cognitive processes in reading—namely, those related to the reader’s 
embodied engagement with the text in context.

Conclusions

On a par with the pragmatist philosopher John Dewey, we suggest treating all 
learning and teaching practices as cases of material engagement, or, with 
Dewey’s terms, “progressive education” (Dewey, 1938). This engagement is 
especially valuable for memory and experience if the student is free to use cre-
ative, imaginative processes as part of interpreting texts.

Malafouris (2013) has developed a theory of material engagement in which 
he argues for the importance of an object’s materiality for cognition. For 
instance, reading on a screen provides a different material substrate than read-
ing on paper, which in turn impacts how a reader interacts and experiences the 
engagement (see Mangen & Kuiken, 2014). Further, reading is an exploratory 
activity grounded in sensorimotor contingencies of material engagement 
(Malafouris, 2013). In that sense, a 4E cognition framework puts pressure on 
the received view of reading and opens up creative and participatory forms of 
material engagement with texts. We argue that this insight will help teachers 
loosen fixed reading strategies and inspire them to use the analytical tools in 
accordance with those findings. Hopefully, this change in perspective will 
make a positive change in students’ reading habits.

Note
	 1	 There is a debate about the actual influence of cognitive models in educational 

practices. Olson (2003) claims that the impact of cognitive theories in educational 
practices is “modest if not negligible” (p. ix), whereas Bruner (2009) and Slavin 
(2018) show how cognitivist educational psychology has been an important 
resource to develop educational practices. We will not address this debate here.
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Making sense and knowledge creation

If all cognition is embodied, the need to talk about embodied cognition as 
something distinct from any other type of cognition is redundant (Gulliksen, 
2017, p. 8). In effect, this means that the division between theoretical and 
practical subjects is also superficial—for example, mathematics, which is tradi-
tionally thought of as abstract and immaterial, can be argued to be deeply 
grounded in kinesthetic and somatic experiences (Abrahamson & Lindgren, 
2014, p. 358). In this chapter, we explore the role of the body in sense-making 
with and through hands and materials. We look especially at examples in arts 
and crafts and how embodied learning in these subjects may develop skills and 
knowledge useful in other domains.

Arts and crafts involve aesthetic learning and making that require bodily 
interactions with materials, in which the learner needs to make use of the whole 
sensory spectrum. Learning is thus embodied and situated in that context. It is 
extended through the interaction with tools, materials, and others, and it is 
enacted through the making of artefacts. The word “aesthetics” refers, amongst 
other things, to a sensation of the senses and sensory experiences in a more gen-
eral way, not only connected to appreciation of beauty. In aesthetic learning 
processes, the learner is sensitised into paying closer attention to notions of 
sensory experiences and subtle changes, making sensory evaluations, such as 
judging matters of taste, balance, dimension, shade, consistency, or depth. All of 
these processes require a close, intimate, and reflective relationship between the 
learner and their environment (Strati, 2007). Our sensory modalities—such as 
vision, hearing, and touch—constitute the contact point between the learner 
and their surroundings. The visual sense has traditionally been given preference, 
and in many ways, we live in an ocular-centric world (Howes, 2014). However, 
when interacting with materials, other more proximate senses are just as impor-
tant. For practitioners of arts and crafts, the haptic system is adamantine, as 
hands are used for most tasks in the studio. There is also evolutionary evidence 
explaining the role of hands in the development of the brain (Wilson, 1999). 
Thus, there are good reasons to pay attention to the role of hands and haptic, 
tactile, and kinaesthetic experiences, especially in education (Søyland, 2021).

9	 Thinking through hands in 
education

Camilla Groth and Marte S. Gulliksen
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In the field of professional craft, practitioners think, feel, and make judge-
ments; plan; and theorise in action and in direct negotiation with the materials 
(Malafouris & Koukouti, 2022). Arts and crafts education is the subject in which 
we can bring this aesthetic form of sense-making through material interaction to 
pupils in schools. The act of making something in a material may be seen as more 
than just manipulating materials or forming it into a desired shape: It is, in many 
ways, a conversation or negotiation between the maker and the material environ-
ment (see Figure 9.1) (Brink & Reddy, 2019; Malafouris & Koukouti, 2022). By 
manipulating material, we affect the environment, but we are also affected by the 
making experience itself (Groth, 2017). In the Nordic countries, the subject of 
arts and crafts, or rather “sloyd”, has an extended pedagogical agenda of cultivat-
ing not only practical content knowledge but also appreciation for work morale, 
quality, accuracy, cleanliness, and neatness, and for the development of indepen-
dence, self-reliance, and mental stamina (Salomon et al., 1907).

The craft practitioner’s process includes taking risks and, therefore, inevita-
bly also failure. Problems related to materials and techniques emerge and need 
to be worked through and solved. Teachers guiding craft learners are aware of 
this and can take this into account when designing assignments, helping pupils 
to “fail early” in order to help scaffold their creative processes and facilitate 
their problem-solving and generation of new ideas (Sawyer, 2018, p. 158, 
p. 164). Through such trial and error, craft practitioners become comfortable 
taking risks when manipulating materials and learn to utilise “safe failing” as a 

Figure 9.1 � Child learning how to carve fresh wood with a spokeshave. Photograph by 
Marte S. Gulliksen.
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way to move the process forward. This way, the craft practitioner grows their 
resilience (Huotilainen et al., 2018).

As we process ideas into artefacts, we also make meanings, and through 
these artefacts, we share and communicate those meanings. In a similar man-
ner, we might think of knowledge as something we create through our inter-
action with our environment, other people, and other peoples’ creations such 
as drawings, texts, artefacts, performances, songs, plays, or films. In a learning 
context, artefacts can be seen as epistemic objects that, especially in collabora-
tive learning, carry the process and knowledge created in the group (Knorr-
Cetina, 2001). Learning can thus be seen as a process of knowledge creation 
(Paavola & Hakkarainen, 2005) that becomes especially noticeable in materi-
ally based subjects such as arts and crafts. The process of handling materials is 
thus closely linked to handling knowledge: making is thinking through hands 
(Groth, 2017). In schools, craft practice offers the opportunity to make sense 
of the world and develop our manual skills, problem-solving abilities, and 
sense of accomplishment and resilience. Arts and crafts are ideal contexts for 
concretely “getting in touch” with our environment and the materiality that 
surrounds us. This makes the subject a premise supplier for other content, 
such as STEAM and invention pedagogy (Korhonen et al., 2022) and envi-
ronmental sustainability (Fredriksen & Groth, 2022).

Sense-making and the role of action in cognition

This chapter is called “Thinking through Hands in Education”; however, the 
concept of sense-making is more precise, and we will use it to explain this 
notion more closely. The meaning of sense-making is connected to utilising 
our senses in the act of making meaning. Sense-making is a key concept in 
enactivist philosophy, a branch of embodied cognition theory that emphasises 
the organism-environment coupling, and in which the body is seen as a vehicle 
in all learning (Newen et al., 2018; Noë, 2004). Enactivist thinking suggests 
that a person learns through action and accumulates knowledge through their 
embodied experiences with their environment (Noë, 2004; Varela et al., 
1991). The brain’s plasticity enhances its capacity for what it is regularly 
exposed to; this means that the more experiences we have of a certain action 
or interaction, the better we are at anticipating and predicting possible out-
comes from future similar actions and interactions. For example, material 
properties may at first be experienced as providing resistance before the novice 
learns how to predict the material’s behaviour and how to overcome difficul-
ties in manipulating them. Hands-on guidance can help in learning the exact 
amount of pressure and timing of movements (see Figure 9.2).

Craft practice requires activation of the body, from full-body interaction, 
such as sawing and hammering, to fine motor tasks, such as stitching and 
drawing. A neuroscientific reason for activating our bodies during learning 
is the fact that moving our bodies activates our brains (Huotilainen et al., 
2018). Making small drawings or being active in other ways—for example, by 
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handling material or knitting while listening to a lecture can yield better learn-
ing results than just passively listening (Andrade, 2010; Huotilainen et  al., 
2018). Touching and forming materials, such as typically happens in craft 
activities, stimulates certain areas of the brain. Physically manipulating and 
exploring new materials are crucial for healthy brain development (Kiefer & 
Trumpp, 2012; Lusebrink, 2004).

Learning through material engagement

The notions of experiential learning and of learning by hands-on doing and 
reflecting on the experiences were initially developed by Dewey (1938). 

Figure 9.2 � Child throwing clay for the first time aided by hands-on guidance. Photograph 
by Camilla Groth.
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Through their concrete and material nature, arts and crafts practices offer 
ample physical opportunities for familiarising with different material proper-
ties. During a process of learning and reflecting in and through action (Schön, 
1983) and in the predictions of a material’s behaviour, the abilities and limita-
tions of one’s own bodily strength and capacity are noticed in a new way 
(Groth et al., 2013). By experimenting to overcome material resistance, stu-
dents practise problem-solving and can test creative solutions by applying 
existing knowledge to new contexts. In the next section, we explain this more 
specifically through examples from previous research.

Examples from arts and crafts education

We briefly present examples of craft education in, primary school education, 
and higher education to exemplify embodied learning aspects discussed later.

Example 1 �

In primary education in Finland, craft teacher education recently 
included multi-materiality as a strategy, moving away from gendered 
aspects of material-based craft teacher education in either hard (wood, 
metal) or soft (textile) materials. The craft subject thus facilitates new 
materials in technology education, in which one strategy is to engage 
pupils in STEAM subjects through maker-centred learning.

In this example, a group of primary school pupils aged 10–12 are solv-
ing a problem regarding their lamp design project (the original study is 
described in full in Kangas et al., 2013). The pupils have difficulty imag-
ining the height of the lamp over the table: It should ideally hang in a way 
that no one can hit their head while still allowing enough light onto the 
table. They build on each other’s ideas, using gestures and drawing for 
communication, and externalise their ideas in visual representations that 
help them discuss and reflect on the design task collaboratively. As imag-
ination is no longer enough to solve problems on an idea level, proto-
types are built, and the physical constraints are made more concrete. The 
pupils then solve the problem of the hanging lamp by physically standing 
up on the table and pointing a telescopic pointer down onto the table, 
thus using both their own bodies and authentic and situated material 
scaffolds in their problem-solving task. That they collaborate and work on 
the task together forces them to externalise their thinking through ver-
balisation and sketching—thus also making the issues articulated rather 
than tacit hunches. When sharing the problem space with others, cogni-
tion is offloaded into the social space, and the problem can be approached 
from the multiple perspectives represented by each pupil’s experiential 
knowledge.
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Example 2 �

In this example from higher education in design in Finland, the task was 
to create an artefact for an exhibition as a result of a conceptual artistic 
process (this case study is described in full in Groth & Mäkelä, 2016). 
The students created designs in their minds before starting concrete 
material testing. In a few of the students’ cases, these plans were very 
realistic, and based on previous encounters with materials, they used 
their embodied knowledge of materials and their constraints in the for-
mation of the initial mental image of their artefacts. The students then 
externalised their ideas through visual representations and models, and 
here the students’ abilities to make realistic plans for their designs dif-
fered to a large degree.

One student used her previous knowledge of materials and their 
behaviour when encountering new, unfamiliar materials that—to her—
behaved unpredictably. She also made use of external aids in the form of 
scaffolding structures to facilitate her understanding of the construction 
she needed to make, transferring her 2D idea into a 3D shape. She said 
that the task could not have been solved solely by thinking but required 
the whole body in the learning process. However, some other students 
were not as experienced in handling materials. One student in particular 
had difficulty creating any material implementations from his ideas. The 
plans he created were too complicated to be realised in material; he had 
to constantly reformulate and rethink his designs, but nothing seemed 
to work in the physical realm. He reflected on this inability to create 
functioning designs as a lack of experiential knowledge of material 
properties.

As the students experienced new materials in their exploration pro-
cess, the new and unfamiliar material behaviour disrupted their work-
flows and made them question their skills and their identities as makers. 
The students’ anxieties were soon overcome by resorting to familiar pat-
terns and methods of solving material problems known to them from 
other, more familiar domains. One student listed his many different past 
skill-learning experiences and called these his “mental toolbox”. While all 
those skills—such as painting, martial arts, diving, and piano playing—
were very bodily skills, he still thought of these as “mental” in the way 
they are carried with him into new situations and constitute part of who 
he is as a person.

The usefulness of embodied teaching and learning in other 
school subjects

The domain of arts and crafts education allows for a safe failing and learning 
environment for gaining experiential knowledge about material properties and 
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general physical constraints. The concrete materiality in arts and crafts practice 
offers opportunities to practise overcoming material resistances and grow con-
fidence, and to train in creative problem-solving and making scaffolds as aids 
for both cognitive and physical constraints.

Embodied teaching and learning highlight the use of situated, contextual, 
and real-life problem-solving in which learners work on authentic, project-
based, and open-ended learning tasks. Material artefacts such as prototypes 
carry epistemic processes that are modified and iterated through collaboration 
with others. Material prototypes scaffold learning and help make concrete the 
problem-solving process, allowing for metacognitive reflections on the learn-
ing. Additionally, artefacts carry meaning in another form than the textual or 
auditory modalities and also tacit and multimodal aspects of understanding. 
All these forms of learning extend cognition and the learning activity out into 
the learning environment and make it visible.

Training the ability to find strategies for scaffolding one’s own process is 
relevant in the arts and crafts but is equally important in—for example—math-
ematics, science subjects in laboratory settings, and reading and writing. 
External aids are also used in mathematics and physics, which are generally 
seen as theoretical subjects. On the contrary, there are many examples of 
extended cognition in mathematics, such as counting by using fingers or an 
abacus to offload cognitive tasks into the environment (Abrahamson & 
Lindgren, 2014, p. 362). The ability to create external aids as a habit and 
strategy for creative problem-solving and externalising thinking can be trained 
in arts and crafts—for example, through drawing and model-making.

Studio pedagogy in arts and crafts incorporates most embodied learning 
strategies naturally (Sawyer, 2018). Apprentice learning involves situated and 
sustained scaffolding that first follows the student closely with real-time guid-
ing and hands-on showing and telling (Groth et al., 2013). Such methods 
scaffold learning and offer a distributed sense-making process through cogni-
tive apprenticeship (Collins & Kapur, 2014). As the student gets more familiar 
with the practice, appropriate “fading” of the support gives the student more 
responsibility for their learning while still having aid close by. Many of these 
strategies can be applied in other school subjects.

Recommendations for education

Finally, we encourage teachers to consider how they can encourage learners’ 
embodied learning in the following ways:

Understanding abstract concepts

Embodied sense-making is especially useful in the transition from abstract 
concepts to lived experience through material mediation in the form of proto-
types. It is similarly useful the other way around: from the lived experience to 
the abstract representation. As this skill is a higher-order cognitive activity 
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fuelled by material interaction, it is also useful in other contexts. For example, 
when a student in mathematics constructs a pyramid with a pen on a piece of 
paper, they need to conceptualise the abstract idea “pyramid” as a prospective 
3D form in a virtual space and find ways to represent this on a 2D paper. They 
can thus draw on previous experiences of a physical 3D pyramid to scaffold 
their understanding of this abstract form.

External aids

Teachers can consciously support students’ use of external aids to negate men-
tal overload. Such techniques also help concretise the topic being learned and 
provide training to create and test learning aids. Active scaffolding is a sign of 
constructive and creative approaches to problem-solving and opens learners 
up to thinking outside the box. Material manipulation in or outside of craft 
practices also aids abstract thinking, as material experiences can scaffold 
abstract spatial thinking. For example, if the student thinks of a pyramid and 
needs to imagine how it would look from the side, this is a mental rotation task 
that can be facilitated by making a mock-up pyramid in 3D that is rotated 
physically. Social interaction, collaboration, and sharing tasks with other learn-
ers are ways of extending and amplifying thinking within the group.

Trial and error

Teachers can facilitate opportunities for trial and error and emphasise the value 
of experiential learning through making. Providing such situations, learners 
could build themselves as knowledge-makers and gain self-esteem and a sense 
of ability and agency relating to their material environment. By engaging in 
processes that provide material and mental resistance, teachers would also help 
students learn endurance and perseverance. Additionally, students may be 
encouraged to experiment in novel ways and in new areas, building innovative 
strategies for learning and engaging with problems.

Safe failing

Providing learners with a safe and accepting environment that allows them to 
practise trial and error is important. Failing in material manipulation tasks is 
safe: Nothing bad can happen; the process can easily be restored, and the 
learner can grow even stronger and more skilful through overcoming resis-
tance in the process (Huotilainen et al., 2018). Such skill in how to allow 
oneself to fail safely to learn quicker can be useful in other contexts as well. 
Previous experience in safe failing could mediate disappointment when meet-
ing new topics and subjects one may be unsure of mastering. For the teacher, 
this entails finding strategies that allow for individual adjustments and multiple 
approaches to scaffold safe failing through supportive guidance.
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Endurance and perseverance

Manufacturing something well in a material is time-consuming and offers slow 
but lasting rewards, as opposed to quick and multiple rewards (such as, for 
example, in gaming). Thus, material making develops perseverance and self-
control as well as the ability to wait for rewards. Striving for quality and doing 
a good job—for the feeling of personal achievement rather than for external 
rewards—may also teach a sense of work ethic and purpose in life.

Conclusion

In this chapter, we have discussed the role of the body in sense-making through 
craft practices while highlighting the hands as a connecting point between the 
learner and the world. We have discussed craft practices as processes of making 
knowledge and how overcoming material resistance can help build resilience 
and self-reliance. Key features of learning through material engagements 
include the importance of gaining experiential knowledge of materials and 
their properties, and the benefits of being able to scaffold and concretise learn-
ing and self-making. On a societal level, different kinds and qualities of making 
occur in multiple forms, on many levels, and in different contexts. By trans-
forming matter, we transform ourselves and, by extension, society little by 
little (Groth et al., 2022). Arts and crafts thus work as a premise supplier for 
other study subjects in which learners may test and engage with content 
knowledge in multimodal embodied and reflective ways. The relevance of the 
arts and crafts subject to other domains of life and study is its role as a facilita-
tor of subject content while providing tools for both embodied learning and 
reflection—a way to connect oneself with the world.

References
Abrahamson, D., & Lindgren, R. (2014). Embodiment and embodied design. In R. K. 

Sawyer (Ed.), The Cambridge handbook of the learning sciences (2nd ed., pp. 358–
76). Cambridge University Press.

Andrade, J. (2010). What does doodling do? Applied Cognitive Psychology, 24(1), 
100–6.

Brink, I., & Reddy, V. (2019). Dialogue in the making: Emotional engagement with 
materials. Phenomenology and the Cognitive Sciences, 19, 23–45.

Collins, A., & Kapur, M. (2014). Cognitive apprenticeship. In R. K. Sawyer (Ed.), The 
Cambridge handbook of the learning sciences (2nd ed., pp. 109–27). Cambridge 
University Press.

Dewey, J. (1938). Experience and education. Simon and Schuster.
Fredriksen, B. C., & Groth, C. (2022). Expanding environmental awareness in educa-

tion through the arts: Crafting-with the environment. Springer Nature.
Groth, C. (2017). Making sense through hands: Design and craft practice analysed as 

embodied cognition [Doctoral dissertation, Aalto University]. Aalto ARTS Books.
Groth, C., & Mäkelä, M. (2016). The knowing body in material exploration. Studies 

in Material Thinking, 14, Article 02.



92  Camilla Groth and Marte S. Gulliksen

Groth, C., Mäkelä, M., & Seitamaa-Hakkarainen, P. (2013). Making sense—What can 
we learn from experts of tactile knowledge? FORMakademisk Journal, 6(2), 1–12.

Groth, C., Townsend, K., Westerlund, T., & Almevik, G. (Eds.). (2022). Craft is ubiq-
uitous. Editorial. Craft Research, special issue on craft sciences, 13(2), 211–20.

Gulliksen, M. S. (2017). Making matters? Unpacking the role of practical aesthetic 
making activities in the general education through the theoretical lens of embodied 
learning. Cogent Education, 4(1), Article 1415108.

Howes, D. (Ed.). (2014). A cultural history of the senses in the modern age: 1920–2000. 
Bloomsbury.

Huotilainen, M., Rankanen, M., Groth, C., Seitamaa-Hakkarainen, P., & Mäkelä, M. 
(2018). Why our brains love arts and crafts. Form Akademisk, 11(2), 1–18.

Kangas, K., Seitamaa-Hakkarainen, P., & Hakkarainen, K. (2013). Design thinking in 
elementary students’ collaborative lamp designing process. Design and Technology 
Education: An International Journal, 18(1), 30–43.

Kiefer, M., & Trumpp, M. N. (2012). Embodiment theory and education: The foun-
dations of cognition in perception and action. Trends in Neuroscience and Education, 
1, 15–20.

Knorr-Cetina, K. D. (2001). Objectual practice. In T. R. K. C. Schatzki & E. Von 
Savigny, (Eds.), The practice turn in contemporary theory (pp. 175–88). Routledge.

Korhonen, T., Kangas, K., & Salo, L. (2022). Invention pedagogy—The Finnish 
approach to maker education. Routledge.

Lusebrink, V. B. (2004). Art therapy and the brain: An attempt to understand the 
underlying processes of art expression in therapy. Art Therapy: Journal of the 
American Art Therapy Association 21(3), 125–35.

Malafouris, L., & Koukouti, M. D. (2022). Where the touching is touched: The role 
of haptic attentive unity in the dialogue between maker and material. Multimodality 
& Society, 2(3), 265–87.

Newen, A., Gallagher, S., & de Bruin, L. (2018). Introduction: 4E cognition: Historical 
roots, key concepts, and central issues. In The Oxford handbook of 4E cognition (pp. 
3–8). Oxford University Press.

Noë, A. (2004). Action in perception. MIT Press.
Paavola, S., & Hakkarainen, K. (2005). The knowledge creation metaphor – An emer-

gent epistemological approach to learning. Science & Education, 14, 535–57.
Salomon, O., Nordendahl, C., & Johansson, A. (1907). The teachers handbook of Slöjd 

(3rd ed.). Silver, Burdett et Co. Publishers. https://archive.org/details/
teachersbookofsl00saloiala/page/n5/mode/2up?view=theater

Sawyer, R. K. (2018). Teaching and learning how to create in schools of art and design. 
Journal of the Learning Sciences, 27(1), 137–81.

Schön, D. (1983). The reflective practitioner: How professionals think in action. Basic 
Books.

Søyland, L. (2021). Grasping materialities: Making sense through explorative touch 
interactions with materials and digital technologies [Doctoral dissertation, University 
of South Eastern Norway].

Strati, A. (2007). Sensible knowledge and practice-based learning. Management 
Learning, 38(1), 61–77.

Varela, F. J., Thompson, E., & Rosch, E. (1991). The embodied mind: Cognitive science 
and human experience. MIT Press.

Wilson, F. R. (1999). The Hand: How its use shapes the brain, language and human 
culture. Vintage books.

https://archive.org
https://archive.org


DOI: 10.4324/9781003341604-14

Introduction

When drawing by hand with charcoal on paper, cognition is situated in the 
sense that it takes place in a real-world environment and involves senses, per-
ception, and embodied actions in real time. Drawing can be seen as a way of 
thinking because a person’s cognition is deeply entangled with the materiality 
of the world, and thinking is mediated through material interaction (Noë, 
2006). Education, in general, is rapidly experiencing a digitalisation of mate-
riality, and arts and crafts education specifically is undergoing digitalisation of 
what has previously been materially engaged experiences. Manual drawing is 
partially replaced with drawing on digital surfaces in educational settings. 
Digital technologies certainly provide new potentials in drawing, such as 
working with layers and adding modalities like sound and movement. However, 
when the materials used in the field are rapidly changing and moving into the 
immaterial dimension, this also brings challenges related to embodiment. 
Therefore, I will discuss the role of whole-body drawing and why analogue 
drawing still matters.

As an educator in arts and crafts, I represent a practice that involves haptic 
and sensorial experiences through “making activities”, teaching both analogue 
and digital drawing. Materiality and material engagement are the foundations 
of making activities, such as drawing, and highlight the educational potential 
of “making for learning”. Analogue drawing entails intimate encounters with 
materials and tools and their experienced affordances (Gibson, 1979), proper-
ties, and constraints. It involves an immediate path from the moving body and 
hand to the mark-making on paper and other surfaces. Central to arts and 
crafts education is that it offers unique possibilities to establish a dialogue with 
and connect with the world through bodies and hands (Biesta, 2017, pp. 
77–9). Through direct embodied entanglement with materials, we make sense 
and gain experiential knowledge. Materials challenge us and provide different 
resistances, opportunities, or affordances as we explore, handle, and interact 
with them. Such material engagement is also vital in the drawing process. 
Materiality and materials must be experienced to know how they “flow” 
(Ingold, 2007, p. 14) and what they can do.

10	 Why whole-body drawing still 
matters in our digital age
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Embodied cognition theory shares foundations that have also been signifi-
cant for educational arts and crafts. Especially Merleau-Ponty’s (1962/2005) 
phenomenology of perception and Dewey’s (1934/2005) pragmatism are 
closely related, as both argue for the knowing body. Sense-making is a con-
cept derived from the enactive tradition of embodied cognition (Noë, 2006) 
and is seen as a bodily phenomenon in which the body is always included. 
Enactivism takes action and perception as the starting point for cognition 
(Noë, 2006). This means that thinking is embedded in structures of the 
material environment, and it is extended (Newen et al., 2018) beyond the 
body—e.g., through the drawing tool. The enactive approach comprises 
emotions as much as cognition; emotions are understood to be essential ways 
of engaging and making sense of the world (Thompson & Stapleton, 2008, 
p. 26). These theories are essential for developing insight into the drawing 
process, where material-based aspects require embodied sense-making. The 
utilisation of embodied cognition theories in educational arts and crafts pro-
motes the understanding of making as a cognitive process and as an internal 
and external process of transformation—a perspective discussed in learning 
science (Sawyer, 2014).

It is critical for learners to experience material engagement, tangible reality, 
and bodily movement in three-dimensional environments in real time. When 
a person works digitally, the body and the hands are not challenged in the 
same way as in encounters with materials and, e.g., an outdoor environment 
(Søyland, 2021). Digital technologies can provide new potentials in drawing, 
but there is a haptic dissonance within them that is important for teachers to 
be aware of. In a real-world environment with materials in flow, there is poten-
tial for enriching learners’ sensorial experiences to a greater extent. Experience 
becomes poorer when the body does not encounter a varied material surface 
or environment; this affects both the presence and the experience. A shift from 
physical, real-world experiences like whole-body drawing to extensive use of 
digital technologies with monotone surfaces is also a shift in the learners’ spa-
tiotemporal relation with materiality. I think we are on the verge of losing 
something fundamental in the learner’s experience if we are not aware of this, 
and we should ensure that learners gain experience with tangible and explor-
atory learning activities, such as analogue drawing. It is not my intention to 
make a “for or against” debate about digital drawing but to discuss why 
whole-body drawing still matters in education.

Tiril Schrøder is a professor at Oslo National Academy of the Arts. In her 
chapter “Between the Pen and the Line. Digital Drawing and the Feeling of 
Alienation and Distance”, she highlights that the tactile and haptic encounter 
with materials and materiality in analogue drawing sharpens the presence of 
the person drawing (Schrøder, 2022, pp. 78–89). Ingeborg Stana, artist and 
professor at Oslo Metropolitan University, highlights how traditional drawing 
tools—e.g., pencil and charcoal—give a deep understanding of the materials, 
what they can do, and the value of experiencing material affordances (Stana, 
2022, p. 2). Within digital drawing, she highlights potentials such as quickly 



Why whole-body drawing still matters in our digital age  95

experimenting with different visual expressions, which are slower processes in 
analogue drawing (Stana, 2022, p. 3).

The guiding research question in this chapter is, How does sense-making unfold 
through whole-body drawing processes in an outdoor environment, and why does 
analogue drawing still matter in our digital age? There are many different pur-
poses and ways of working with drawing, like observational drawing and concep-
tual drawing, but here, I focus on the act of drawing as a form of expression 
through the whole body. I build on an understanding that drawing with large 
movements affects the learner’s ability to create, unfold, and express themselves.

Implementation of the study

I employ auto-ethnographic research (Chang, 2008) to get close to studying 
body-based drawing practice and knowing from the inside. I also use video 
and photo documentation and written observations. The empirical material is 
based on ten site-specific drawings in the forest outdoors during the winter 
season. During the drawing process, I let the feel of the place affect me. I drew 
with charcoal on large paper format (2 × 1.5 m) and utilised an open-ended 
and explorative process. I examine the direct encounter between my embod-
ied mind, the materials, and the surroundings during the drawing process. 
I also examine how the change in the winter-covered forest over a period of 
several weeks affects the drawing process, materials, actions, and expressions. 
The audio-visual recordings captured time and space contingent activities and 
in this way enriched my analysis. Through video, I studied my own move-
ments, the sounds that I made, and the sounds of the materials and the envi-
ronment during the drawing processes. I also reflected upon my written 
observations and photos. The quality of the expressions in my drawings has 
also been discussed with experts in contemporary art.

Photos and empirical excerpts of key understanding from the drawing process

I present photos and empirical excerpts from four of my drawing processes 
(see Figures 10.1–10.4). The excerpts are based on my analysis of the video 
documentation and written observations of my processes. All photographs are 
taken by myself.

Embodied Drawing #1. The direct expression. Minus 14 degrees. Because 
of the cold, there is no room to hesitate, direct bodily movements, and expres-
sion, breaking out of the notion of drawing by drawing in the wood, an inter-
ruption of the traditional way of approaching drawing, new impulses from the 
materials and the surroundings. A new and different expression arises.

Embodied Drawing #2. High tempo, deeply engaging, and dynamic 
expression. Minus 7 degrees. Cold and windless. I work in large, slow, rhyth-
mic movements, and I draw with quick, sharp, rhythmic lines at a high pace. I 
experience a tremendous drive and need to continue and feel how my body is 
working. I move in rhythm with and feel close to nature and the materials. 
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Figure 10.1 � Embodied Drawing #1. The direct expression.

Figure 10.2 � Embodied Drawing #2. High tempo, deeply engaging, and dynamic 
expression.
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Figure 10.3 � Embodied Drawing #5. Emotions—material resistance and thought-
provoking expression.

Figure 10.4 � Embodied Drawing #8. An interruption—material flow—close to nature.
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The paper moves back and forth while I move my body. I hear the river float-
ing, the sound of my hand, my breath, and my body’s rhythmic movements. 
Quickly, I consider how to continue working with the drawing. Then I am up 
and running again—completely engrossed in the process. I feel the positive 
effects of working with my body—something redemptive. Something new is 
emerging in the expression. I continue until dusk.

Embodied Drawing #5. Emotions—material resistance and thought pro-
voking expression. During the process, I try to make an expression that is 
harmonic, but something else is expressed. I struggle with the composition 
and the drawing. I experience resistance—something disturbingly dark, emo-
tional, and beautiful is expressed—fear may be that everything has an end.

Embodied Drawing #8. An interruption—material flow—close to nature. 
It is a windy day; the wind grabs the paper, and it blows towards me. I try to 
play along, but nothing is working. The wind thaws the paper on the ground. 
I am frustrated, but I try to be open to the process. I continue to draw on the 
paper on the snow-covered surface on the ground. Something interesting 
occurs. The substrate of the wood affects the texture of the lines and the 
shapes, and the melting snow affects how the paper absorbs charcoal—new 
marks are made on the surface. Impulses from the materials directly affect the 
drawing process; the material dissolves. I feel close to the materials and to 
nature. I am completely present in this process and draw for a long time.

Whole-body drawing involves risk; it is material, rhythmic, and 
temporal

Drawing is embodied. Drawing in large format in an outdoor environment is 
an invitation to directly engage with materials and space through bodily move-
ment in a three-dimensional environment. In the making process of ED #1, it 
was very cold, and I experienced no time to hesitate. With charcoal in hand, I 
had to keep moving, trusting that my drawing was anchored in my bodily 
knowledge and movement. I became aware of how I used my whole body while 
working with my body’s axis, moving my body and my arm in an arc from the 
top to the lower edge of the paper while standing with my legs wide and stable 
on the ground. I dropped into a steady rhythm and felt that I allowed myself to 
be immersed in the process. From time to time, I stopped and reflected upon 
the lines and marks I had made before I continued drawing. The lines became 
direct, dynamic, and powerful. I was a little surprised by the vivid expression 
that emerged, as it was in sharp contrast to the quiet and white surroundings—
but I liked it. I was completely engrossed and present in the process.

In ED #2, I drew in slow movements. I made large, curved lines, and I 
drew in fast movements, making sharp, short lines. I worked with repetitive 
movements and felt that I was in flow with the materials and the surroundings. 
My thinking, in line with Newen et al. (2018), was embedded in the structures 
of the material surrounding me, my bodily movement, and the charcoal in my 
hand. While I drew on the hanging paper, I moved in rhythm with the sound 
of my breath and the surroundings, and the flowing river nearby became, in a 
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way, part of my movement and expression. It was me, my body, the charcoal, 
and the paper—I felt that I was one with the experience of drawing and the 
surrounding nature. This experience is underlined by Ingold (2013, pp. 127–
31), who argues that drawing is temporal and, in many ways, closer to music 
and dance than to, e.g., photo and painting because drawing flows with time. 
During my drawing process, I experienced material flow, and the feeling of 
fluidity made me present. Whether there was a high or slow tempo in my 
movements, it did something with my senses and how I connected to the pro-
cess and my surroundings. I was attentive to the material affordances and the 
materiality of the surroundings; I sensed the moment and became aware of my 
own movements with the surroundings and materials over a period.

Time is a central aspect of being deeply engaged through drawing and 
developing sensitivity to the materiality of the surroundings. In ED #1 and #2, 
my senses were sharpened, I felt excitement, and I had tremendous energy, 
feeling the presence of my whole body. In the processes following these two 
first drawings, I experienced another type of presence and contact with the 
temporality of the process. I was calmer, my breath was slower, and my energy 
level was lower; it was like I had established a connection with the place already. 
The expression in the drawing changed in the last two drawings—as if the 
dynamic organic lines were floating on the surface of the paper.

Whole-body drawing is a way to connect to the materials’ pace and rhythm. 
Biesta (2017) describes that the material’s pace slows us down and that material 
engagement through hands is “bound up with the pace set by the world” (pp. 
79–80), and in this way, the world and the materials require that we connect and 
come into dialogue. I understand and experience this dialogue as being in line 
with Newen et al. (2018), both unconsciously and consciously, involving both 
tacit bodily knowledge and my reflection. Through the drawing process, I adjusted 
myself to the pace and rhythm of the material and commuted between improvisa-
tion, reflecting upon, and considering how to approach the drawing next.

In the process of, e.g., ED #8, I worked with materials in transformation. 
The environment and the weather directly affected the paper and charcoal, 
and challenged and interacted in the process. During the process, the paper 
was affected by wind, temperature, humidity, and my moving body. Paper is 
perishable and fragile, so I needed to give it my all but at the same time be 
careful not to destroy the paper.

During the drawing process, my thinking was extended beyond my body 
(see Newen et al., 2018) through the drawing tools, the materials I used, and 
the environment. Ingold describes how you “become what you draw: not in 
shape but in affect” through drawing-thinking (2013, p. 129). This underlines 
how persons are shaped by interaction with the environment, not just influ-
enced by it: a knowledge fundamental for education. I understand drawing to 
be transformative (see Ingold, 2013, p. 129) in line with how learning is an 
internal and external process of transformation (Sawyer, 2014). I experienced 
success when I related to the drawings like an immediate expression of a reflec-
tion, as a cognitive movement. I understand the reflection through drawing to 
be sensorial and emotional.
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The drawing process challenged and expanded my thinking. The outdoor 
workshop afforded an authentic, real-world environment and a way of expos-
ing myself to a more unusual way of drawing. In this process, I had to relate 
to the premises of the surroundings, as they directly affected the materials and 
my drawing process. These experiences are in line with how Dewey 
(1934/2005) argues for the importance of material resistance in art experi-
ence. The materials and the environment gave me new impulses, such as in ED 
#8 when the wind tore down the paper I had hung in the trees and changed 
the conditions for my movements or when the snow melted on the surface of 
my drawing and I had to relate to the water blending with the charcoal.

Making sense of and connecting with the world is enabled 
through whole-body drawing

The whole-body drawing process in the forest made a tremendous impression 
on me, a feeling of connection, presence, and belonging that shaped and 
imprinted on me. As shown, making sense through whole-body drawings is a 
concrete experience in real time, where emotions, senses, movements, think-
ing, materials, and environment are connected within the same experience. 
While vision naturally is important in drawing, tactile and haptic sensory expe-
riences are central to explore and connect. It is in line with how Noë (2006) 
describes a person’s experience as a temporally extended process of skilful 
probing which “comprises mind and world” (p. 216). Biesta (2017, p. 79) 
describes the connection with the world through the work of the hands, like 
being in dialogue with what is real, what is material, what has its own integrity, 
its own pace, and its own rhythm.

Whole-body drawing in large formats involves movements to a great extent 
and provides an opportunity to perceive and express oneself in diverse and 
varied ways. According to Noë (2006, p. 1), “What we perceive is determined 
by what we do”, and human senses are interrelated and fundamental to a per-
son’s ability to make sense of themselves in relation to their surroundings. I 
recognise emotions to be thoroughly integrated into embodied sense-making 
during the drawing process, which is in line with Thompson and Stapleton 
arguing that emotions and cognition are one unity and inseparable (2008, p. 
26). My gut feelings guided my decision-making during the drawing pro-
cesses, such as in ED #8. I experienced success with the drawings when I 
grasped the opportunities for action that were present in the situation and 
played along with the material affordances during the drawing process. I 
understand this kind of openness and embodied knowledge as central to the 
drawing process.

Implications for education

The most central element for teachers to consider regarding analogue drawing 
from an enactive perspective is the learner’s encounters, movements, and 
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dialogue with different materials and environments. It is important that learn-
ers experience making different artistic expressions through the use of differ-
ent (1) materials to draw with, such as charcoal, pencils, and pastels, and (2) 
materials to draw on, such as paper with different textures. Materials to draw 
with—such as charcoal—provide embodied knowing of materials’ affordances, 
what they can do, how they respond, and which marks and expressions can be 
made with them. The surface—the material on which something is drawn—
directly influences the mark-making, so it is also important for learners to 
experience mark-making on different materials with varied textures. Variation 
in materials to draw with and on invites learners to tangible and tactile experi-
ences that digital technologies cannot yet offer. In addition, analogue drawing 
creates a presence that I argue is unique for material engagement (cf. Biesta, 
2017; Schrøder, 2022).

Teachers should invite pupils to express themselves in varied and bodily ways 
in diverse types of formats and environments. Teachers can engage pupils in 
whole-body drawing by, for example, challenging them to draw outside on a 
windy day or drawing with charcoal inside while sitting or lying on the paper. In 
such an indoor exercise, the light can even be turned off because more important 
than the mark-making is the experience, the presence. It is vital for learners to 
experience such material engagement because it offers ongoing generative move-
ment that is improvisational, spatiotemporal, and rhythmic—a process where the 
learner’s embodied cognition is embedded in the structures of its material sur-
roundings (Newen et al., 2018). In analogue drawing, the senses are involved in 
more complex ways than in digital drawing; an interruption of the traditional 
approach to drawing can also be an enriching experience.

Analogue and especially whole-body drawing involve risk-taking and a 
real-world experience that digital drawing cannot offer. In manual drawing, 
marks are made that are difficult to erase, and you must deal with them 
throughout the whole process. I experienced my drawing process to be 
open-ended and improvisational: trying, failing, reflecting, and, sometimes, 
succeeding. To not know what the outcome will be is a central part of a cre-
ative process such as drawing. It can create uncertainty to not know and 
must be practised to be mastered. The same applies to tolerating an explor-
ative open-ended process: it is a way of exposing oneself that needs to be 
trained. I think it is necessary to focus on the joy of drawing and to think of 
it like play, exploration, and exercise in education. An example of such a task 
that I have carried out several times with students is “flying with friends”. 
The exercise is inspired by Tom Marioni’s drawing from 1999 with the same 
title. I use paper on a roll in large format and coloured markers, and the 
students perform the exercise in a large project room. In pairs, students “fly 
together” with markers on paper. The students decide how to solve the 
task—e.g., by fixing the paper on the wall or the floor, jumping, moving fast 
or slow, or running while drawing.

It is central that teachers think of drawing as a process that is joyful and 
about exploring, discovering, experiencing, thinking, and creating that involves 
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trying without knowing the outcome. Additionally, drawing is a way of being 
present, experiencing material flow, and being deeply engaged. I conclude by 
highlighting the importance of teachers being aware of the potentials of both 
analogue and digital drawing, and of how the ability to move in three-
dimensional environments and drawing with large movements affects the 
learner’s ability to create, unfold, and express.
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Introduction

Apprenticeship is often referred to as the raw model for teaching and learn-
ing—a form of situated learning that is based on transmitting practical but also 
contextual knowledge. In the field of professional crafts, learning has tradi-
tionally been organised in guilds and apprenticeships. These are social and 
material learning contexts that take place in a workshop setting in which nov-
ices are guided by a master craftsperson and a group of other practitioners at 
different levels of expertise. Drawing on my own experiences of being a pot-
ter’s apprentice for three years at the age of 17–20, I see many benefits to 
informal learning, such as the situatedness of the learning, the enculturation 
that comes with the setting, and the real-time feedback from a master. Through 
a case of online teaching of a craft practice during the COVID-19 pandemic, 
I discuss the role that imitating and mimicking actions have and the role of 
showing as part of telling in learning a body-based practice, such as throwing 
clay on a potter’s wheel.

Apprenticeships of different kinds have existed in the past as sometimes 
undemocratic and suppressive forms of forced labour, tainting the idea of 
apprenticeship learning. However, when well organised, apprenticeships facili-
tate a learner’s active participation in their own learning through working on 
real-world tasks and problems that are contextualised and meaningful, and 
build on the learner’s previous knowledge and skills. Additionally, the learner 
is a member of a larger practice community that supports the enculturation of 
habits and mindsets of the field. This gives an extended purpose to the activity 
and an arena in which the learner can articulate and reflect on their learning. 
In this way, the learning is deep and grounded, both in a psychophysical and 
social dimension. All of this is echoed in the central themes of the learning 
sciences (Sawyer, 2014, p. 4), which claim that “students learn deeper knowl-
edge when they engage in activities that are similar to the everyday activities of 
professionals who work in a discipline” and that “the natural progression of 
learning starts with more concrete information and gradually becomes more 
abstract” (Sawyer, 2014, p. 11).

11	 Apprenticeship as a model for 
teaching and learning in 
formal education

Camilla Groth

This chapter has been made available under a CC-BY-NC-ND license.

http://dx.doi.org/10.4324/9781003341604-15


104  Camilla Groth

While being the natural way for teaching and learning crafts for centuries, 
such informal education has given way to more systematic formal education, 
away from the authentic context of the practice field, away from its expert 
practitioners, and into school buildings and classrooms. This is more effective 
in many ways—more equal, democratic, structured, and controlled—but 
might miss the grounding of concepts in real-life contexts (Abrahamson & 
Lindgren, 2014; Kiefer & Trumpp, 2012). The domain of craft practice will 
serve as an example for discussions on how to reconnect teaching and learning 
to more situated forms in this chapter. Here recorded video materials or even 
online contact with a practitioner might bring some of the contextual and 
embodied aspects to the classroom.

Apprenticeship learning as understood through 4E theory

4E’s grounding of cognition in embodiment, enaction, and embeddedness, 
and the extended mind is realised very concretely in craft practice and in 
apprenticeship models of teaching and learning. The embodiment of skills and 
knowledge means that they become second nature to the practitioner, and 
there is no need to think separately from doing—making is a form of thinking 
through actions, tools, things, and materials—or thinging (Malafouris, 2014). 
Thinking and imagination are extended through tool use (Baber, 2015), and 
skills and knowledge are enacted and embedded in the social and material con-
text of the studio and other practitioners (Lave & Wenger, 1991). In informal 
learning situations, much practical know-how is transmitted through being in 
a situation of practising with others, during which learning happens not only 
through verbal instruction but through immersion and enculturation. 
Through mimicking, students gain new habits and gestures that are embodied 
and become part of the learner’s identity. The learner is also guided in their 
own exploration of material affordances and how to adjust to material 
resistances.

Human-environment coupling and material engagement

Human-environment coupling and especially Gibson’s (1986) visual ecology 
and theory of information pick-up as affordances have influenced the forma-
tion of 4E theory. Instead of leaning on a passive intake of information, 
humans and other organisms actively engage with the world to gain informa-
tion. Simultaneously, organisms learn of their own bodily abilities in relation 
to the environment and objects in it. A chair affords sit-ability for a human but 
climb-ability for an ant. Similarly, in craft practice, engagement with materials 
relies on the person’s understanding of what the materials and situation afford 
in relation to the skill levels of the person. A novice, like the girl in Figure 11.1, 
may experience that the material offers resistance or is challenging to handle 
before she learns how to angle the knife purposefully.
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Material resistance is thus experienced when material properties or the skills 
of the practitioner are stretched to the borderline. At the same time, this is also 
the sweet spot for learning, as repeated interaction with materials in this way 
builds experiential and embodied knowledge.

An attempt to describe such active engagement in relation to materials has 
been made by Malafouris (2018, p. 755) in his material engagement theory 
(MET): “Material engagement is the basic process by which we discover the 
feel and functions of our senses and through them the capacities, limits, and 
boundaries of our bodies”. Material engagement also suggests a shared situa-
tional becoming that involves the maker, material, and tools, and the exten-
sion of the mind into the environment. As the child in Figure 11.1 uses the 
knife, her intention to create a flute is extended from the hand and via the tool 
to the material, the wood. The knife extends the girl’s cognition, but her skills 
in using the knife also limit the actions possible.

Situated learning, enculturation, and cognitive apprenticeship

Unlike the classroom setting, a craft studio seldom offers situations in which 
an event is separated from its context, other practitioners, or the habits and 
attitudes that have formed around the type of event. Bourdieu (1977, pp. 
78–9) writes about the habitus of practitioners, and the social background for 
any practice. The context of the studio and the community of practice (Lave & 
Wenger, 1991), grounds the practitioner in the community and enculturates 

Figure 11.1 � Craft practitioner Linda Lindblad shows Greta Lindblad-Jönsson “how to 
do it”. Photograph by Helena Åberg.
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the learner that enters it. This means that the cognition of the practitioner is 
embedded in the social and material environment where the practice takes 
place or has its roots (Brown et al., 1989). Learning from experts in the field 
is important in this context and allows scaffolding (Reiser & Tabak, 2014) by 
following those who are more advanced, and thus learning in the Zone of 
Proximal Development (Vygotsky, 1978). Collins and Kapur (2014, see also 
Brown et al., 1989) extends the notion of apprenticeship learning to a “cogni-
tive apprenticeship” that includes the generalising of knowledge that may be 
applied in other contexts. The six teaching methods associated with cognitive 
apprenticeship learning are Modelling, Coaching, Scaffolding, Articulation, 
Reflection, and Exploration (Collins & Kapur, 2014, p. 113–114); however, I 
would also add mimicking to this list.

Studio pedagogy: Show and tell!

Embodied cognition and experiential knowledge form the base of craft prac-
tice, but such knowledge is largely automated and, therefore, mostly tacit and, 
to some extent, unconscious (Groth, 2022). This means that many of the skills 
and attitudes taught and learned are not explicable in linguistic form. Instead, 
gestures and “pointing” ground the “show and tell” type of instruction, mod-
elling, and enculturation in the apprenticeship model of learning and in studio 
pedagogy (Sawyer, 2018).

Master craftspersons are not always aware of their knowledge or might think 
of details as mundane, thus such aspects of the practice might not surface in a 
lecture room or in writing. Often, the knowledge is contextual and may not 
pertain to “general” examples. However, craft processes are time- and space-
contingent activities that often rely on a certain path or trajectory to succeed. In 
the situation of acting or performing the practice, the task’s constraints surface 
and are more readily explained by showing what, how, and when to do certain 
acts. Showing and telling through demonstrations and side-by-side hands-on 
activities facilitates both the articulation of craft knowledge and students’ learn-
ing through mimicking and modelling the actions. Even the similar position of 
bodies helps in understanding which direction a movement is done, as seen in 
the same-way positioning of the child and crafts person in Figure 11.1.

Mimicking, embodied simulation, and gestures

Craft actions are simulated and eventually embodied by mimicking hand 
positions, pace, pressure, gestures, and body positioning. This bodily com-
munication of skills and learning has allowed traditional craft skills to be 
passed down through generations. When mimicking someone’s actions, 
Gallese (2019) suggests that it is possible to understand the physical and 
emotional intentions of others by internally simulating them. Embodied sim-
ulation has to do with how we react and align with each other in a kind of 
kinaesthetic empathy (Lehmann, 2012, p. 14). This builds on automatic and 
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even unconscious bodily contagion of actions and is quite different from what 
is normally meant by empathy. For example, the careful and respectful han-
dling of a knife can be sensed by observing a master’s careful use. Practitioners 
may not always be able to articulate important aspects of their embodied 
practice, but a novice may be able to sense and imitate the actions without 
verbal instruction.

Gestures and the role of bodily habitus and ways of acting with a material 
play a large role in this context. Gestures are seen as the embodiment of 
thought (Härkki, 2018; Hostetter & Alibali, 2008). A teacher or a crafts 
expert who is invited into the classroom can silently show someone how to do 
something by concretely moving their hands and showing the correct move-
ments as a visual gesture or in a direct physical “hands-on” showing (see also 
Groth et al., 2013). In the next section, I show an example of teaching a mate-
rial skill, the art of throwing clay on a potter’s wheel, in an online video setting. 
The example shows how visual gestures may help a student to mimic move-
ments in real-time even through a screen, when real-life tactile guidance is not 
available. Through this, I wish to introduce the idea of bringing more contex-
tualised content from the studio into the classroom through online communi-
cation with external experts.

Teaching and learning through bodily guidance

Visual gestures and active feedback

I will now show an example of how I taught higher education students clay 
throwing by showing craft gestures that the students could mimic via Zoom, as 
I was not able to visit the campus during the COVID-19 pandemic. As a teacher 
in arts and crafts in the spring of 2021, I was faced with the task of teaching a 
group of 13 bachelor students clay throwing on the potter’s wheel at a campus 
in Norway. The campus had just re-opened for students after a lockdown, but 
travelling was still not recommended, and I was not able to get to the campus. 
The only way to engage with them was online, which I did through individual 
teaching sessions on Zoom. As a pre-task, I asked them to watch YouTube tuto-
rials of clay throwing and a purpose-made video tutorial that I had prepared in 
my studio of how to throw a basic cylinder on the potter’s wheel.

Each student was given a 45-minute session in a schedule over three days. 
The students were asked to use a computer or tablet that they could place in 
front of them by the throwing wheel in the clay studio so that they could have 
a Zoom meeting with me while they were throwing clay on the wheel in a 
synchronous teaching and learning situation. The Zoom sessions were also 
recorded. During the sessions, I noticed that I was gesturing a lot while talk-
ing, and I started collecting screenshots of the gestures I had made from the 
recorded videos (see Figure 11.2).

It surprised me how “embodied” the situation of guiding the students was, 
even though we engaged in the practice through a screen and not through 
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being physically present. The individual Zoom sessions with the students 
allowed me not only to follow their actions with the material in real-time and 
to give them direct feedback on their actions—it also allowed me to show the 
hand movements and procedures through gestures that they could mimic. 
The feedback from the students was that they were pleased with having such 
individual feedback on their actions for a longer time, and they felt that they 
had the possibility to ask questions and try out new techniques while being 
guided through insecure moments in the throwing practice. This shows that a 
sense of participatory guiding, including real-time and relevant feedback on 
actions, was possible even in a long-distance setting. As the sessions were 
recorded and sent individually to the students, they were able to return to the 
sessions and watch in slow motion to repeat important actions in their pro-
cesses. While physical guiding in real materials is naturally preferred, and 
before the pandemic, I’d never recommended such a way for guiding students, 
I now think that this way of engaging external experts—either live or through 
pre-recorded media—can help bring in the context of learning situations into 
the classroom when real physical presence is not possible.

Facilitating apprenticeship learning in the classroom

While arguing for apprenticeship learning in formal learning settings, the real-
ity is challenging in today’s schools. Many more subjects are taught now than 

Figure 11.2 � Screenshots from the recorded online teaching session by the author.
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when people were learning crafts in the home environment or the professional 
workshop, and few teachers are experts in all areas. This means that only a few 
specialised subjects or skills can be taught in an experiential manner. Large 
student group sizes are also problematic as apprenticeship requires close and 
attentive teaching through participatory instruction (Collins & Kapur, 2014). 
One way to expose students to authentic practitioners is to invite experts into 
the classroom to “show and tell” with the group. As this is an expensive way 
of exposing students to experts, a way to mitigate costs is to at least show 
audio-visual references and the context for crafts through video documenta-
tion of the practice and practitioners. The aspect of embodied simulation is 
also effective when mediated in audio-visual media (Gallese, 2019). As the use 
of video tutorials has grown rapidly due to the internet and YouTube, there is 
great potential in using videos for contextualising craft situations, even in 
school environments, utilising the effects of embodied simulation.

Nielsen (2009/2019) writes that learning by doing, as proposed by John 
Dewey in the 1930s, is important in the field, but that this can be combined 
with the concept of learning by watching. Nielsen suggests that schools can 
use digital learning resources such as videos when teaching students how to 
knit (Nielsen, 2009/2019, p. 37). She further writes that in this way, the 
video can be shown repeatedly, and the teacher’s time can be spent with those 
students who need concrete help. As shown earlier (see Figure 11.1), mimick-
ing relies on vision and the possibility of acting in real-time with the expert 
practitioner, modelling their actions. When hands-on contact teaching is not 
possible, the visual aspect of a craft action can be facilitated through forms of 
visual media. Audio-visual recordings capture and document aspects of craft 
practice in ways that are not possible through writing, such as sequences of 
activities, their order, pace, rhythm, or the sounds of the tools in contact with 
the material. Even the haptic dimension can be inferred by audio-visual con-
notations through our pseudo-haptic understanding (Pusch & Lécuyer, 
2011); that is, the imagined sense of touch that we may recall from previous 
similar experiences.

Implications for education

While just viewing a video doesn’t involve any actions on the student’s part, it 
is possible to combine it with practical try-outs in material. In such cases real-
life feedback on the students’ actions still needs to be given by the teacher. 
However, bringing the master into the classroom—even in an audio-visual 
format—exposes the students to the habitus and culture of the practice and 
lets them study under the influence of those in a more situated way that is 
normally not possible in formal education.

Students can engage with the video of the practice repeatedly, rewinding 
and fast-forwarding—something that they wouldn’t be able to do in a real-
time session. They may also find the answer to their question faster than wait-
ing for the assistance of their teachers in the classroom. Many schools have 
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invested in 1:1 touchscreen devices and tablets, and through these, the stu-
dents may follow a master practitioner in video tutorials, individually and at 
their own pace.

Grounding students’ learning experience in material engagement, as well as 
making meaningful connections to the culture and situation of that practice, 
gives new dimensions to the experiences and might help students’ motivation 
and active initiatives. YouTube and other social media sites provide endless 
resources for tutorials; school-aged children already use these sites to seek 
quick answers on how to do something. As teachers, it is necessary to take this 
dimension of the students’ personal learning environment into account—
teachers are no longer the sole owners of knowledge or authorities of best 
practices (Dietrich et al., 2020). Multimodal learning experiences (Fors, 2013; 
Fors et al., 2013) and video pedagogy (Gedera & Zalipour, 2021; Pink et al., 
2016) are already recognised means for bringing about an embodied dimen-
sion into otherwise static and disconnected study forms (see also Abrahamson 
& Lindgren, 2014, p. 365). Computer technology is advancing towards simu-
lation environments that take the idea of situated learning into the realm of 
expanded realities, seen by many as the future of education.

Several researchers consider that audio-visual media will grow into the 
dominant teaching medium on the internet and will become a standard part 
of education (Laaser & Toloza, 2017). Video plays an important role, espe-
cially in Massive Open Online Courses (MOOCs), and is also used for 
practice-based demonstrations (tutorials) in both formal and informal con-
texts (Bétrancourt & Benetos, 2018). YouTube is the most used resource for 
instructional videos generally, and even very young students know how to 
access these. However, to align the content with the desired context, subject 
matter, and student level, the challenge is to create the right type of video 
tutorials (Guo et al., 2014). The right content should also be combined with 
a pedagogical process that advances the intended learning objectives. For 
example, in my own setting, I asked the students to first watch YouTube 
videos and then a purpose-made video, and after this, we had the online ses-
sion that was recorded and sent to them for later reflection. While ideally, the 
environmental context of a studio setting could also have been conveyed 
better, this was not possible at the time of the pandemic but could be 
enhanced in the future. Utilising multimodal media for learning purposes 
can be applied to any physical practice, as they allow for modelling, coach-
ing, and scaffolding, as well as making tacit dimensions visible and more 
readily analysed and articulated.

Conclusions

Apprentice learning facilitates active participation in learning through working 
on real-world tasks and problems that are contextualised and meaningful, and 
build on the learner’s previous knowledge and skills. Facilitating informal 
learning models in formal settings is challenging due to numerous topics and 
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large group sizes. While visiting studios and experiencing practices and materi-
als in their contexts would be preferable, bringing experts to the students in an 
audio-visual form may help convey the context and situatedness of the prac-
tice. Carefully selected videos bring the world into the classroom and give a 
multimodal dimension to the studied practice, even at a distance.
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Introduction

Learning and human cognition are holistic embodied activities in which the 
physical body, interactions with the social and cultural environment, and 
sensory and motor experiences are intertwined (Frangou & Körkkö, 2020; 
Sullivan, 2018). Body-mind integration in technology-mediated learning 
refers to the use of technology to engage both the physical and mental 
aspects of a learner, promoting a holistic and immersive learning experience. 
For example, virtual reality for learning anatomy through exploring 3D 
models of the human body can incorporate haptic feedback devices such as 
gloves or vests to stimulate the mind (cognitive understanding) and body 
(sensory input).

The advancement of digital technologies has significantly impacted our 
social, political, and cultural domains, increasing the need to integrate tech-
nologies into pedagogical practices at all levels of education. Some studies 
have shown considerable benefits of incorporating embodied perspectives into 
technology-enhanced learning environments in the contexts of special educa-
tion, languages, STEM (science, technology, engineering, and mathematics), 
and STEAM (science, technology, engineering, arts, and mathematics) educa-
tion in elementary and middle school (Kosmas & Zaphiris, 2023; Lindgren 
et al., 2016; Xu & Ke, 2020).

In what follows, we first look at the learning experience (LX) design exper-
iment (Georgiou & Ioannou, 2021), which is, so far, the only technology-
enabled embodied learning design experiment derived from the 4E embodied 
cognition framework. We have included it in this chapter specifically because 
it offers empirical evidence and has a perspective on learning as a cognitive, 
kinaesthetic, and socio-emotional process. Second, we examine the frame-
work for technology-enabled embodied learning environments (TEELEs) by 
Xu et al. (2021), in which the concepts of presence, immersion, and agency 
overlap through physical, sensory, and cognitive features in learning. The 
TEELE framework was chosen in this chapter for its unique view on embod-
ied immersion and how it embodies technology use by providing valuable 
practical directions. Third, we look into the model of technology-enhanced 
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affective learning (Frangou & Körkkö, 2020), which sees cognition as a 
socio-emotional process interlaced with cultural, ethical, and cognitive 
aspects. This model strengthens the theoretical background of this chapter. 
By merging the three models’ common fundamental practice-oriented prin-
ciples, we offer a new model for technology-enhanced embodied pedagogy as 
a practical tool for teachers wishing to create holistic, technology-enabled 
learning experiences.

Learning experience design and technology-enabled embodied 
learning environment frameworks

In this paper, we build on socio-constructivist and sociocultural perspectives 
on learning (Lave & Wenger, 1991; Vygotsky, 1978). We understand learning 
to be constructed upon existing knowledge and connected to all activities 
inside and outside the learner, hence encompassing sociocultural contexts and 
artefacts, and taking into account the learner as a whole. Therefore, learning is 
a situated activity that involves social and cognitive processes, leading learners 
to participate in their community’s sociocultural practices (Lave & Wenger, 
1991). This view is in line with the 4E cognition framework, in which embod-
ied learning is defined as encompassing four elements (Lund et al., 2019; 
Newen et al., 2018):

	 a	 Embodied learning (i.e., learning is a cognitive and bodily process)
	 b	 Enactive learning (i.e., learning is active and interactive)
	 c	 Extended learning (i.e., learning can occur with and through a 

medium)
	 d	 Embedded learning (i.e., learning occurs within physical and socio-

cultural learning environments)

Learning experience design

The 4E elements (embodied, enactive, extended, and embedded learning) 
form the basis of the LX design experiment by Georgiou and Ioannou (2021). 
The study aimed to determine how teachers and students perceived the LX 
design and how it impacted students’ engagement and subsequent conceptual 
learning gains regarding geometry (angles). The LX design was implemented 
and evaluated by eight primary school teachers in Cyprus as part of the math-
ematics curriculum in 13 primary education classrooms in eight schools, with 
213 students from the third to fifth grades (ages 8–10).

The experiment included four learning stations: two incorporated technol-
ogy, while the other two had paper, pencils, and traditional mathematics props. 
The technology used included the Kinect-based angle-maker (see Figure 12.1) 
embodied learning application projected onto a screen, and Bee-Bot and Blue-
Bot floor robots (see Figure 12.2) coded to make predefined angles in their 
movements. The angle-maker is a noncommercial application that uses the 



Conceptualising technology-enhanced embodied pedagogy  117

Kinect camera—a line-of-motion sensing device—to track students’ arm 
movements and create a visual representation of body movements on the 
screen (Georgiou & Ioannou, 2021).

Bee-Bot and Blue-Bot (see Figure 12.2) are floor robots that are program-
mable from the six directional keys on their “backs” to make up to a 
40-command code, according to which the robot moves; Bee-Bot is often 
used for teaching computational thinking to children (Angeli & Valanides, 
2020). Blue-Bot has the same function keys, but it is transparent so that its 
hardware is visible, and it can also be connected to and programmed through 
a mobile application via Bluetooth.

The LX design learning experiment (Georgiou & Ioannou, 2021) lasted 80 
minutes; students were divided into mixed-ability groups of four to five stu-
dents in the same grade. At the technology-enhanced learning stations (angle-
maker and floor robots), the students took turns using technology to learn 
geometry while the other students provided feedback and support. The study 

Figure 12.1 � Kinect-based angle calculations are made by looking at the human body’s 
different angles. Photograph by Satu-Maarit Korte.
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data was collected through students’ appraisals of the LX design, their pre- and 
post-conceptual tests consisting of five mathematical tasks involving angles, 
student engagement surveys (cognitive, emotional, and social engagement), 
and teachers’ interviews after the intervention.

The students especially appreciated the kinaesthetic nature of the angle-
maker and, thus, the possibility of integrating moves and gestures into the 
learning content. When evaluating the LX design, the students made positive 
statements related to the use of robotics and the game-based approach that 
guided the design of the learning stations. The students also appreciated work-
ing collaboratively and using technology, computers, and tablets to pro-
gramme the Bee-Bot/Blue-Bot floor robots. The students mentioned positive 
emotions experienced during the intervention, most commonly enjoyment 
and excitement. The students felt that the learning experiment had improved 
their conceptual understanding of angles, as well as their digital skills. The LX 
design also enhanced the students’ positive attitudes towards learning 
mathematics.

The teachers shared similar thoughts: They found the experiment contrib-
uted positively to the students’ knowledge acquisition, conceptual under-
standing, digital skills, engagement and motivation, collaboration, and 
communication. The teachers related the increase in students’ knowledge 
acquisition to features of the embodied learning application that allowed 
diverse bodily involvement, the use of multiple senses (sight, touch, and hear-
ing), the visualisation of abstract concepts, and real-time feedback (such as 

Figure 12.2 � Bee-Bot floor robots. Photograph by Satu-Maarit Korte.
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hints). Increases in student engagement and motivation were similarly related 
to the application, especially its playfulness, the novelty of the learning 
approach, and the application’s immersive and user-friendly interface. Students’ 
collaboration and communication skills improved significantly because of the 
structure of the LX design, facilitating teamwork and support for each other at 
learning stations.

This LX design experiment was planned around the 4E elements. Embodied 
learning is integrated into the LX design through the involvement of the body 
in the cognitive process with the bodily movements of the limbs, facilitated by 
the angle-maker application. Enactive learning is manifested through the 
interactive features of the intervention, as well as the active features of the 
angle-maker application. Extended learning can be seen in that learning occurs 
with and through the medium of the angle-maker application. Finally, embed-
ded learning is an integral part of the intervention because learning occurs 
within both physical and interactive sociocultural learning environments, 
where angles are understood to exist everywhere.

Embodied immersion framework

TEELEs, and their salient potential for embodied features in learning 
designs, were investigated by Xu et al. (2021). Their review article on 28 
empirical studies of TEELEs formed the foundation for the development of 
an embodied immersion framework. Most of the studies involved science 
and language learning, and they were conducted at all levels of education. 
The framework seeks to understand the features of embodiment and con-
ceptualise how to embody technology use by providing valuable practical 
directions. The embodied immersion framework stems from the sometimes 
overlapping concepts of presence, immersion and agency, and has three 
major dimensions: physical, sensory, and cognitive immersion (Xu et al., 
2021). Presence can be seen as the psychological sense of consciousness and 
response to the technology-enhanced learning environment, whereas 
immersion or engagement can be considered the illusion of reality projected 
by the affective properties of the technological hardware (Calleja, 2014). 
Agency is essential because it gives the technology user (i.e., the learner) a 
role in shaping the learning experience (Calleja, 2014). The three dimen-
sions of the framework with their eight additional subdimensions are as 
follows (Xu et al., 2021):

	1	 Physical immersion: the means of embodiment and the number of motoric 
movements

The physical immersion dimension (Xu et al., 2021) first entails the 
means or medium of technology-enabled embodiment. Furthermore, in an 
embodied technology-enabled interactive scenario, the user can be either a 
passive observer or an active agent, interacting with the learning material 
and moving their body in the process. One can also view and evaluate the 
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number of bodily or motoric movements to define the intensity of the 
embodied interactions, from mouse clicks to full-body movements. In this 
dimension, all of the 4E framework’s elements are recognisable. Embodied 
learning includes motoric body movements, whereas enactive learning 
involves activity, interactivity, and observing activity, which is passive 
embodiment. Extended learning occurs in TEELEs with and through a 
technological medium. Learning is embedded because it takes place in a 
certain physical environment.

	2	 Sensory immersion: point of view, media effects, and haptic effects
The sensory immersion dimension is subjective and, hence, more diffi-

cult to define. It is important to understand the user’s point of view and 
perspective within the technology-enhanced learning environment. 
Immersive experiences offered by a learning environment that is perceived 
from the point of view of the first or third person can be very different. 
Moreover, media effects—namely, audio (music, voice, and sound effects) 
and video (animated or static images, videos, and texts) qualities—are sig-
nificant affordances within the immersive learning environment that may 
enhance the sense of immersion. The haptic effect refers to the learner’s 
ability to sense or feel their learning surroundings and receive haptic sensa-
tions, which contribute to the learner’s cognitive processes as they become 
more involved in the activity and gain a multidimensional understanding of 
the learning subject. All the elements of the 4E framework are also recog-
nisable in this dimension. Embodied learning occurs through bodily sensa-
tions; this requires that a person is actively present in the embedded learning 
environment in which the learning is organised with and through a techno-
logical medium.

	3	 Cognitive immersion: operational congruence, learning congruence, and 
personalisation

According to Xu et al. (2021), cognitive immersion is the bridge 
between the learning process and a technology-enhanced or technology-
enabled immersive experience. Within cognitive immersion, motoric 
activities may serve operational purposes; however, in some experiments, 
operational congruence is higher than in others because embodied inter-
actions are linked to operational purposes. Learning congruence, on the 
other hand, links embodied interactions and motoric activities with learn-
ing objectives. Some emerging learning technologies are adaptive and 
support personalisation based on the learner’s developing abilities. This is 
still a growing area of research, an area Xu et al. (2021) considered critical 
for developing personalised learning paths that scaffold learning and 
enhance learners’ engagement. This third dimension of the TEELEs 
framework is in line with the elements of the 4E framework in that embod-
ied interactions are part of the basis of learning congruence. Learning 
takes place with and through a technological medium that defines the 
physical learning environment.
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Model of technology-enhanced affective learning

The model of technology-enhanced affective learning (Frangou & Körkkö, 
2020) views learning as enhanced through four core elements that are impor-
tant when designing affective learning experiences: engagement, elaboration, 
encouragement, and exploration. Engagement refers to the fact that an increase 
in learning engagement, in which technology can play a significant role, may 
improve learning achievements. This can simultaneously develop the learners’ 
agency, and positive and negative learning experiences can influence the learn-
er’s future disposition and motivation for learning.

Offering opportunities to elaborate on and expand positive learning experi-
ences ensures that learners are eager to return to class. Sharing, reflecting, and 
elaborating on positive experiences are significant for promoting learning 
motivation.

Encouragement builds learners’ self-perceptions and supports their agency, 
as well as the general development of the learning atmosphere. The learner’s 
emotions and understanding of their abilities and competencies can inhibit or 
increase their motivation to take part in the learning activities. Sensitising 
learners to diverse technologies and encouraging them to try new ones later is 
good for their self-confidence and self-perception while also promoting life-
long learning.

Exploring group members’ different perspectives and social and cultural 
backgrounds enhances learners’ reflective practices and, consequently, their 
sensitivity to situational awareness. To support these elements, the mainte-
nance and improvement of a positive and dialogical social learning environ-
ment is continuously facilitated. Exploring diversity can connect the learner 
not only to the learning experiment but also to fellow learners, creating a posi-
tive learning environment.

The element of engagement correlates with the dimensions of the 4E 
framework by involving cognitive and bodily processes in an active and inter-
active learning environment. The physical and sociocultural learning environ-
ment is designed to take advantage of technological mediums, possibly 
embodied, that have the potential to enhance engagement and motivation. At 
the same time, the element of elaboration is an active and interactive process 
that can be seen in the 4E framework as an activity in which learners can be 
both alone and with others. Elaboration can also be done with and through 
technological mediums in diverse physical and sociocultural learning environ-
ments. The element of encouragement can be seen in learning as both enactive 
and extended, as per the 4E framework: learning is active and interactive, and 
it can occur with and through a medium. The element of exploration is recog-
nisable in the 4E framework, particularly in enactive and embedded learning. 
This involves active and interactive learning, which occurs within physical and 
sociocultural learning environments.

In what follows, by merging the aforementioned three frameworks’ com-
mon and fundamental practice-oriented principles, we offer a new model for 
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technology-enhanced embodied pedagogy as a practical tool for teachers wish-
ing to create holistic, technology-enabled learning experiences.

Technology-enhanced embodied pedagogy

Given the diversity of the models discussed earlier (Frangou & Körkkö, 2020; 
Georgiou & Ioannou, 2021; Xu et al., 2021), it is essential to focus on their 
common features. The LX design experiment (Georgiou & Ioannou, 2021) 
highlights selecting embodied applications that enable the integration of the 
physical body, motion and cognition, and a learning approach based on stu-
dent collaboration. Conceptual understanding is promoted by guiding stu-
dents to work through conceptually connected learning stations or other 
modules. It is assumed that immediate feedback and peer feedback may play a 
role in motivation and learning outcomes (Georgiou & Ioannou, 2021). The 
TEELEs (Xu et al., 2021) framework has three dimensions of immersion—
physical, sensory, and cognitive—which are all essential when promoting 
immersiveness together with all eight subdimensions of immersion. The model 
of technology-enhanced affective learning (Frangou & Körkkö, 2020) illus-
trates the core elements that are important when designing affective learning 
experiences: engagement, elaboration, encouragement, and exploration.

Figure 12.3 shows the essential elements of technology-enhanced peda-
gogy based on the principles that summarise the key features of the three 
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discussed models. First, as the figure’s fundamental principle (background 
circle of Figure 12.3), learning involves diverse technologies and exposure to 
technologies (e.g., angles are investigated with the help of a Kinect-based 
angle-maker application, and computational thinking and coding can be 
taught through Microsoft Minecraft Education Edition and LEGO robot 
building and programming). As a result, technology and media are integrated 
into the learning environment and/or context. Therefore, the learning envi-
ronment promotes embodied activity and interactivity (e.g., the use of an 
angle-maker application as a group activity and the use of makerspaces, such as 
arts and crafts rooms).

Second, both the LX design (Georgiou & Ioannou, 2021) and the TEELEs 
(Xu et al., 2021) framework emphasise physical features (inner circle of Figure 
12.3). Hence, learning involves physical activity and engagement (e.g., the 
Kinect-based PanBoy application for language learning or the Kinems learning 
games). It would be optimal if the learning were personalisable, adaptable, and 
flexible (outer circle of Figure 12.3) (Xu et al., 2021) to support the elabora-
tion (Frangou & Körkkö, 2020) on and expansion of positive learning 
experiences.

Third, learning involves social interaction and collaboration (inner circle of 
Figure 12.3) (e.g., collaborative Bee-Bot game-making or QR code navigation 
exercises in small groups) as per the LX design experiment (Georgiou & 
Ioannou, 2021) and the model of technology-enhanced affective learning 
(Frangou & Körkkö, 2020). Learning is linked to learning objectives and prac-
tice (outer circle of Figure 12.3) (e.g., Bee-Bot game-testing in groups, Kinems 
learning games, or visiting each other’s Minecraft worlds) (Xu et al., 2021) 
while at the same time supporting the exploring (Frangou & Körkkö, 2020) of 
different perspectives.

Fourth, learning involves sensory activity and experiences (inner circle of 
Figure 12.3) (Xu et al., 2021) and elaborates positive experiences and emotions 
(e.g., Kinect-based applications, using a drawing application on a tablet com-
puter or Kinems learning games) (Frangou & Körkkö, 2020; Georgiou & 
Ioannou, 2021). Learning promotes and encourages agency and self-perception 
(outer circle of Figure 12.3) (e.g., personalisable applications for learning in 
which the exercises become gradually more demanding) (Frangou & Körkkö, 
2020; Xu et al., 2021).

The elements of the 4E framework are integrated and present in each of the 
model’s principles, depending on the context and situation.

Embodied learning relies on the premise that knowledge is constructed by 
intertwining experiences, perceptions, bodily activity, and the body’s senso-
rimotor capacities (Nathan, 2021). The principles of technology-enhanced 
embodied pedagogy are derived from the idea that the learning process is a 
holistic and multimodal activity (Frangou & Körkkö, 2020); however, to cre-
ate technology-enhanced embodied learning activities, not all principles are 
always—or can be—present. In this chapter, we have looked into three frame-
works that embrace embodied learning experiences and give some guidelines 
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for the introduction of technology-enhanced embodied learning (Georgiou & 
Ioannou, 2021). In all three, we have focused on the common embodied 
learning features and subsequently brought them together to develop the 
practical pedagogical principles that teachers can apply in diverse teaching.

Technology-enhanced embodied pedagogy is an educational approach that 
combines technology with embodied learning experiences to enhance the 
learning process. The strengths of the model include its generalisability; it can 
be applied at all educational levels. Furthermore, it can make learning more 
engaging and interactive. It can capture learners’ attention and motivate them 
to participate actively in the learning process. It provides opportunities for 
experiential learning and multisensory learning, which can enhance the reten-
tion and understanding of complex topics. Technology allows for the customi-
sation of learning experiences, catering to individual learning styles and pacing. 
Technology can also provide immediate feedback, allowing learners to correct 
mistakes and reinforce their understanding in real time.

However, the model has some weaknesses. Implementing technology-
enhanced embodied pedagogy can be expensive. The cost of hardware, soft-
ware, and training can be a significant barrier, particularly for 
resource-constrained educational institutions. Furthermore, technical prob-
lems—such as software glitches or hardware malfunctions—can disrupt the 
learning process and frustrate both educators and learners, particularly those 
who are not tech-savvy. Also, not all students have equal access to technology, 
creating a digital divide. Those without access to the necessary devices or reli-
able internet connection may be left at a disadvantage. Additionally, using 
technology often involves collecting and analysing data, which raises privacy 
and ethical concerns about how that data is used and protected.

Implications for education

This chapter has provided instructional strategies within technology-enhanced 
embodied learning design by offering examples of technology-mediated 
activity-based interventions that are adaptable and usable in any classroom. 
Technology-enhanced embodied pedagogy is important as it offers a unique 
approach to education that leverages technology to enhance the learning pro-
cess through embodied experiences. Furthermore, it can enhance engage-
ment, improve learning outcomes, promote inclusivity, prepare students for 
the digital world, and encourage innovation in education. This chapter pro-
vides a reference for practitioners who seek to design technology-mediated 
learning experiences that link movement and learning objectives. However, we 
acknowledge that, in many cases, educational technology or tools are neither 
necessary nor accessible. The teacher can still take advantage of the embodied 
learning approach with non-digital media or even without any media at all. In 
conclusion, technology-enhanced embodied pedagogy offers a dynamic and 
effective approach to teaching and learning that aligns with the evolving needs 
of learners and the demands of the 21st century.
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Introduction

Smartphones are a promising new technology in the field of outdoor educa-
tion; they continue to offer new possibilities for nature-based learning 
(Chawla, 2018; Esbensen, 2020), such as the use of nature apps, web access, 
and the ability to have a camera, notebook, and audio recorder at hand. Here, 
we explore the extent to which this potential is realised by presenting and 
discussing a case where smartphones are involved in pupils’ embodied learn-
ing processes. We are particularly interested in the domain of curiosity-driven, 
knowledge-seeking processes, which includes derived documentation and 
storage activities. The case concerns a planned lesson developed for a class of 
fourth graders (around 10 years old) outside the school classroom and deliv-
ered by a nature guide. The lesson is described through an interview con-
ducted by the first and second authors as part of the Danish Natural 
Technology project.

We are inspired by Lave’s social practice theory. Lave focuses on how 
learners learn contextually, both physically and in situated ways in social 
communities of practice, as opposed to learning as decontextualised, 
classroom-based mental and intentional activities (Lave, 2019). Thus, the 
focus is on the authentic, social, and relational aspects of learning. Similarly, 
the 4E perspective, based on embodied cognition theory, emphasises that 
we perceive and experience the world from a situated point of view—and 
therefore understand the world individually based on prior knowledge, 
conditions, and experiences (Klomberg et al., 2022). The situatedness of 
learning is expressed in different aspects of a learning episode. For example, 
feeling tired, hungry, cold, or frustrated may engage us differently in learn-
ing processes compared to feeling comfortable and well rested (Schilhab & 
Esbensen, 2019, 2021; Schilhab et al., 2022). Basic perceptions also 
include structures of privilege—gender, socioeconomic status, age, literacy, 
different dispositions, etc.—which affect how we engage in learning pro-
cesses (Holland & Lave, 2001). We see this embodied perspective in rela-
tion to Lave’s (2019) argument that teachers need to acknowledge that 
learning processes are also about collective identity-making in the group 
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through practices. We negotiate our embodied and social positions in com-
munities of practice as we are positioned by others, and in this way, we 
learn to see others and ourselves as more or less social, skilled, wise, out-
doorsy, etc., through the communities of practice we engage in through-
out our lives (Holland et al., 1998; Holland & Lave, 2001). We, therefore, 
explore how familiar strategies for learning science can be complemented 
by these perspectives.

Social practice theory emphasises that we learn as we participate in socially 
situated practices and that both the practices and our participation in them 
change and develop dynamically (Lave, 2019). This resonates with 4E’s view 
of cognition as enacted and dynamic; bodies are constantly experiencing and 
learning, simultaneously building on and adapting to prior knowledge. In line 
with social practice theory, cognition as embedded emphasises that learning is 
conditioned by particular physical and social environments. Both our physical 
and social environments can feel safe or unsafe, allow for play or seriousness, 
be perceived as boring or exciting, etc. (Schilhab et al., 2022). Thus, both 
perspectives see learning as a phenomenon that occurs far beyond intentional 
teaching processes.

This notion of learning activities resonates with cognition as extended. 
Insofar as practices and tools help by externalising thinking through the use of 
materialities such as maps, photographs, notepads, computers, road signs, and 
other forms of written language, they allow us to both store information and 
learn from past voices (Hutchins, 1996). Many of these learning processes are 
invisible, but they expose pupils to nature, scaffold their experiences of nature, 
and thus their motivation to engage with nature.

Next, we explain the learning processes facilitated by a teacher’s plan in 
light of the 4Es described earlier and situated learning. We argue that smart-
phones can enable new child-led connections with nature as pupils learn to 
actively use their phones to stimulate curiosity about the natural environment. 
Thus, we also argue for a greater focus on the benefits of situated and embod-
ied learning through the use of smartphones to teach pupils to be active and 
curious knowledge seekers.

The emerging fields of nature-based learning (Jordan & Chawla, 2019) 
and embodied learning experiences are part of a larger explanatory model of 
the decline in children’s outdoor lives and, by extension, their experiences of 
nature (see, for example, Dickinson, 2013). Human-nature relationships are 
highly complex because they involve fundamental assumptions about how we 
understand and see the world and our role in it, as well as the different condi-
tions and positions that frame our perceptions. It is therefore relevant to 
examine the common rationale that children in the past experienced a deeper 
connection with nature that has now been lost due to contemporary seden-
tary, indoor, screen-mediated lives. In doing so, we highlight the relatively 
rapid change that has taken place and consider how the challenges of digitali-
sation can be met by using technology to enhance rather than diminish chil-
dren’s connections with nature.
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Societal changes and lost experiences with nature

In 1993, Pyle described the decline in children’s contact with nature as an 
“extinction of experience” and expressed concern about the connectedness 
and stewardship of future generations if they do not build strong experiences 
of nature in childhood (Pyle, 2003). However, the conditions for children to 
be outdoors have always been influenced by structural conditions and adult 
values, which are dynamic. Therefore, the conditions for children’s outdoor 
lives vary greatly between families, neighbourhoods, nations, etc., and it is, 
therefore, too much to say that children in the past generally had strong con-
nections with nature.

In peasant society, children worked and followed the adults out into the 
countryside, so experiencing nature was a natural norm of everyday life 
(Frykman & Löfgren, 1983). The development of science and technology in 
the nineteenth century led to the division of human life into opposing worlds: 
home versus the outside world, and work versus leisure. First with urbanisa-
tion and then with the increase in the number of cars in the 1960s, road traffic 
accidents involving children increased as safe places to play became scarce 
(Karsten, 2005). Thus, whereas childhood used to be spent outdoors to a 
large extent, much of children’s everyday physical and sensory experiences of 
the outdoors have been replaced, for safety reasons, by an indoor life supple-
mented by supervised outdoor time in gardens, schoolyards, and playgrounds 
designed by adults. It is, therefore, important to explore the potential of physi-
cal, curiosity-driven, nature-based learning to motivate today’s children to 
develop relationships with nature.

Case: Technology involved meaningful activities

This case is based on an interview with Kristian, an experienced senior nature 
guide from a nature school that offers nature-based lessons to schools in the 
municipality. He is experimenting with allowing pupils to use mobile phones 
in the exploration processes of his lessons. A class of fourth graders will visit 
the nature school the following week, and Kristian (personal communication, 
2018) explains his ideas:

I encourage them to use their smartphones—camera and video 
recorder—to take pictures and make short nature films, if I can motivate 
them to do so. Their task will be to take pictures in the forest to docu-
ment the season. What happens in the forest in December? They will 
take pictures and make short 20-second clips of what they find interest-
ing in the forest at the moment. I then add an identification task by hav-
ing them use the iNaturalist app to categorise their findings. The purpose 
is to let them discover how the phone supports their learning. My main 
aim is to make them curious—that they have access to a lot of knowledge 
in their pocket—and instead of being passive consumers of digital media, 
I encourage them to be active producers.
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The pupils are to explore the woods around the nature school and select and 
record their findings. Note Kristian’s caveat, “[I]f I can motivate them to do 
it”, indicating both that the picture/recording may fail if the pupils aren’t 
motivated and that the plant identification requires cooperative, disciplined, 
and motivated pupils.

We analyse the potential learning processes that Kristian’s lesson facilitates 
when it works—theoretically. Note that these may not be easy to observe. The 
pupils have already learned various cultural codes of behaviour on class trips 
and in the forest, and these are already embodied and not visible until some-
one breaks the rules—e.g., by littering in nature or damaging living branches. 
Also, in the field, practical aspects may interfere with the expected learning 
outcomes—e.g., some pupils may be unfocused, and some phones may be out 
of battery. Therefore, in our analysis, we stick to the embodied and situated 
learning processes that Kristian’s plan facilitates; that is, what, in his experi-
ence, usually works. Before moving on to the analysis, we will introduce the 
app used in the lesson.

The Seek by iNaturalist app

To perform plant identification tasks, the user must install the Seek app, open 
the app, press the camera icon, and point the phone’s camera at wild plants, 
animals, or fungi. The app then scans the contents of the preview and attempts 
to identify the image using seven main taxonomic ranks (kingdom, phylum, 
class, order, family, genus, and species) (iNaturalist, 2020). Seek can be used for 
educational purposes and has a game-like motivation built in so that users earn 
badges as they continue to identify species with the app (see Figure 13.1). The 
identification feature is based on image recognition technology, and the species 
are based on photos and identifications made by the iNaturalist community. 
The system “learns” as it is used, so results may not always be correct. This 
means, first and foremost, that it is important to teach pupils to think critically. 
The app supports critical evaluation and deals with ambiguity by stating that 
the identification is inconclusive and by listing relevant matches to encourage 
users to compare and judge for themselves. By using the app without any 
knowledge of plants, animals, and fungi, pupils begin to explore the natural 
world around them, conceptualising by naming species and focusing on their 
characteristics.

The lesson

The learning process of fourth graders, as anticipated by Kristian, can be ana-
lytically construed to depend on the following steps:

	1	 Stimulate the pupils’ embodied learning in the forest, including stimulating 
reflective processes related to past forest experiences.

	2	 Encourage pupils to become aware of their surroundings.
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Figure 13.1 � Screenshot from the Seek by iNaturalist app of a search on clovers.
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	3	 Encourage pupils to evaluate, select, document, and store interesting 
findings.

	4	 Use an app to identify and conceptualise findings by naming and reading 
about them.

	5	 Recapitulate and reinforce learning with the class back at the nature school.
	6	 Tacit identity and meaning-making of who they are in relation to forests 

and nature.

In this situation, social elements are included as the pupils work together and 
may be inspired by their classmates’ findings, and use them to guide their own 
search. Furthermore, the setting allows some pupils to make extraordinary 
discoveries and thus position themselves as particularly lucky or skilled observ-
ers. In what follows, we describe and analyse Kristian’s class by drawing out 
specific invisible elements in each step of the pupils’ learning processes.

Embodied learning processes

Here, we examine how established learning strategies—including identity-related 
facets of learning—manifest themselves during pupil-centred learning scenarios. 
Kristian’s pedagogical intervention leverages the embodiment of learning. When 
the pupils arrive, they may experience various states of being hot, cold, fresh, 
tired, dissatisfied, or content. They will orient themselves and listen to the intro-
ductory remarks and supplementary instructions. They are instructed to explore 
the forest and search for curiosity-inspiring objects. Unlike many adult-led forest 
trips, their investigations are not confined to the paths. Consequently, while they 
are on the move, the pupils learn to interpret the forest floor, gaining experience 
with wet, slippery, and icy sinkings, among other things. Some may opt to stroll 
or jog through the forest hills, while others may engage in balancing or gripping 
onto tree branches. They explore the area actively, utilising their senses to hear, 
smell, and observe. Cold hands will learn to hold on to phones, as gloves and 
phones make a challenging combination. They utilise their previously acquired 
knowledge of forests, winter, and school excursions, along with their related code 
of conduct, to successfully navigate this task. This prepares them to ensure their 
personal safety and behave appropriately during lessons and reinforces their pre-
viously learned and enacted bodily practices. Overall, this experience serves to 
build upon their existing situated practices.

Notice surroundings

The task promotes engagement with the environment, encouraging curiosity 
and exploration of the specific forest setting. Pupils are encouraged to develop 
their observational skills and differentiate between “normal” and distinctive 
forest elements. In this ongoing and dynamic experience-building exercise, 
they need to remain alert to their surroundings and potential discoveries. When 
locating spruce or pine cones, they use their senses to determine qualities such 
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as icy, wet, or dry and whether the cones have been consumed by animals. 
Vigilant observers will notice different movements in the forest, either from 
classmates walking nearby or from birds in the treetops. Through this exercise, 
pupils learn that some individuals possess a more developed perception than 
others. They will acquire attentiveness skills and learn to be observant.

Evaluate and document findings

When pupils are requested to capture images and videos of the forest, they are 
required to search, locate, assess, and evaluate distinct elements within their 
chosen environment. In doing so, they establish connections with their sur-
roundings and apply their pre-existing knowledge. Consequently, their cogni-
tive abilities are expanded. Utilising their devices, they can preserve and retain 
memories by capturing images of fungi sprouting from trees, partially eaten 
cones, or a bird of prey’s silhouette soaring in the sky. Furthermore, they can 
create videos, record sounds and movements, and take written or audio notes 
in real time. Later, they save their findings on their phone to present them to 
the class, narrate, and share their experiences.

Identifying and naming

In the identification process, pupils use the Seek app and gain first-hand expe-
rience of how it works and how to search for answers. Initially, when scanning 
an item, the app proposes categorisation and naming that pupils may not be 
familiar with. Subsequently, they assess the app’s suggestions. The learners 
switch their attention between experiencing the forest, using the app, and 
gathering knowledge from their peers. In doing so, they develop their ability 
to acquire knowledge in real time.

In this task, focus can be upheld by providing clear guidance, as digital 
documentation available on phones is often more efficient and expedient than 
physical books. Additionally, supplementary information can be speedily 
accessed on-site via the internet. Consequently, they come to appreciate that 
every query they might raise regarding the forest can be addressed. For 
instance, they may wonder if the nearby hills contain Viking burial mounds or 
why the forest was named as it is. The implementation of this usage practice 
thus instils a foundational curiosity about nature.

Recapitulation with the class

When summarising with the class, pupils share their findings and exchange tips 
on successful discoveries and technology operation, and the most effective 
ways to document results. Enhanced by phone-based documentation, pupils’ 
memories are reinforced when “reliving” nature. Memories are consolidated 
and linked to new ideas stimulated by the reflections prompted by the sum-
marisation sessions. The teacher may utilise the photos, videos, and audio clips 
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as educational resources for producing homemade e-books or posters. The 
more pupils engage with their collected materials, the greater the chances of 
reactivating what has been learned. Collaborative work facilitates the externali-
sation of the learned content via conversations, thus supporting the develop-
ment of verbal skills and shared experiences. These processes strengthen the 
sustainability of the learning and assist in implementing the acquired knowl-
edge in a practical context.

Identity and meaning-making

Many pupils have previous experience undertaking outings and trips to for-
ests, which relate to how they perceive themselves in a natural context. 
Additionally, those accustomed to such environments have learned to feel 
safe and have become attuned to the specific aspects of the surroundings 
requiring attention.

Furthermore, they can select (either intentionally or not) their approach 
to navigating nature-based learning structures. Being a lover of nature can 
play a crucial role in shaping one’s sense of identity. However, for some, 
being a trickster or a rebel may also be a defining aspect of how they view 
themselves and are viewed by their peers. It is in these contested social posi-
tions that they begin their journey. Similarly, pupils have their own percep-
tions about which classmates possess knowledge about nature, who is best at 
climbing, etc. They also hold perceptions of themselves in this context. 
These form part of their ongoing development of identity, which is negoti-
ated in all spheres of their lives.

During such excursions, pupils enhance their understanding of themselves 
and their abilities within a forest environment. This contributes to the devel-
opment of their meaning-making processes by introducing new factors 
(Kalland et al., 2005; Skar et al., 2016), resulting in new ways of comprehend-
ing and forming interpretations of the world. Those who do not typically 
consider themselves outdoorsy may realise that their keen eyesight or tech-
savvy abilities in other areas can be advantageous during this activity, enhanc-
ing their sense of competence and potentially leading to self-perpetuating 
effects in the future.

Implications for education

The chapter highlights the construction and development of complex rela-
tionships, such as children’s connection to nature, in the presence of physical 
and social opportunities. While nature education usually occurs in the class-
room (Schilhab, 2021), we argue that there are significantly more experiential 
and embodied learning opportunities when lessons are designed as situated 
and contextualised learning experiences. The less visible learning processes 
may seem unstructured, but as we have argued, nature provides a rich learning 
environment. Outdoor play is an essential aspect of childhood and fosters 
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children’s affinity with nature (Skar et al., 2016). Children forge familiarity 
with their surroundings, which helps to promote feelings of competence and 
confidence (Carlone et al., 2015, p. 131; Kalland et al., 2005).

Since it cannot be assumed that today’s children grow up with a diverse 
range of nature experiences, it is crucial to guarantee that all children receive 
hands-on nature experiences through the education system. This will enable 
them to establish strong relationships with their environment. Incorporating 
phone usage can aid active participation by allowing pupils to search for 
answers on the spot. Contrary to when teachers instruct on, for example, iden-
tifying elements in the forest, this type of experience enables pupils to become 
self-sufficient by conducting their own searches and verifying answers through 
technology. Additionally, mobile phones provide new methods for contact and 
navigation in nature.

By integrating insights from social learning theory with 4E, we emphasise 
the embodied and perceptual facets of this context and demonstrate how a 
diverse range of familiar learning strategies are utilised in the way Kristian 
designs the pedagogical environment.

We propose instructing children on active and purposeful information 
retrieval using their mobile phones. We acknowledge that forest expeditions 
and mobile phone use in outdoor learning environments may be novel for 
some educators and necessitate alternative pedagogical strategies and class-
room administration procedures. It is also important to note that incorporat-
ing mobile phones into nature-based learning does not decrease the importance 
of education and didactics. Rather, it necessitates a different approach to facili-
tating learning, including the critical examination of the phone’s role, purpose, 
and answers. We acknowledge that challenges may arise, but we believe that 
adequate preparation and experience can overcome them. For example, a 
teacher suggests designating certain pupils as app super-users to aid the teacher 
in case of app-related issues.

Used purposefully, phones have the capacity to introduce innovative ways 
of involving more children and young people in first-hand, embodied nature 
encounters.

Acknowledgements

In this chapter, we present data from the Natural Technology research project 
(2018–23), which investigates the impact of technology on young people’s 
experiences in nature. The project is funded by Nordea-fonden.

References
Carlone, H. B., Huffling, L. D., Tomasek, T., Hegedus, T. A., Matthews, C. E., Allen, 

M. H., & Ash, M. C. (2015). “Unthinkable” selves: Identity boundary work in a 
summer field ecology enrichment program for diverse youth. International Journal 
of Science Education, 37 (10), 1524–46.



Smart technology in nature-based learning  135

Chawla, L. (2018). Nature-based learning for student achievement and ecological citi-
zenship. Curriculum and Teaching Dialogue, 20(1/2), xxv–xxxix.

Dickinson, E. (2013). The misdiagnosis: Rethinking “nature-deficit disorder”. 
Environmental Communication, 7(3), 315–35.

Esbensen, G. L. (2020). Digital technology tools for nature education in schools and 
beyond. In Children, education and nature-based solutions: Research review report. 
Regreen.

Frykman, J., & Löfgren, O. (1983). Culture builders: A historical anthropology of 
middle-class life. Rutgers University Press.

Holland, D., Lachicotte, W. J., Skinner, D., & Cain, C. (1998). Identity and agency in 
cultural worlds. Harvard University Press.

Holland, D., & Lave, J. E. (2001). History in person. School of American Research 
Press.

Hutchins, E. (1996). Learning to navigate. In S. Chaiklin & J. Lave (Eds.), 
Understanding practice—Perspectives on activity and context (pp. 35–63). Cambridge 
University Press.

iNaturalist. (2020). Seek user guide. http://static.inaturalist.org/wiki_page_
attachments/SeekUserGuide2020.pdf

Jordan, C., & Chawla, L. (2019). A coordinated research agenda for nature-based 
learning [perspective]. Frontiers in Psychology, 10(766).

Kalland, A., Sejersen, F., Broch, H. B., & Ris, M. (2005). Perceptions of nature. In 
Marine mammals and northern cultures (pp. 131–72) (Studies in whaling; no. 7, 
Circumpolar Research Series, ISSN 0838-133X; no. 9). Canadian Circumpolar 
Institute (CCI) Press. ISBN 1-896445-26-8.

Karsten, L. (2005). It all used to be better? Different generations on continuity and 
change in urban children’s daily use of space. Children’s Geographies, 3(3), 275–90.

Klomberg, B., Schilhab, T., & Burke, M. (2022). Picturing fiction through embodied 
cognition: Drawn representations and viewpoint in literary texts. Routledge.

Lave, J. (2019). Teaching as learning, in practice. In Learning and everyday life (pp. 
83–103). Cambridge University Press.

Pyle, R. (2003). Nature matrix: Reconnecting people and nature. Oryx, 37(2), 
206–14.

Schilhab, T. (2021). Nature experiences in science education in school: Review featur-
ing learning gains, investments, and costs in view of embodied cognition. Frontiers 
in Education (Lausanne), 6.

Schilhab, T., & Esbensen, G. L. (2019). Socio-cultural influences on situated cognition 
in nature [opinion]. Frontiers in Psychology, 10(980).

Schilhab, T., & Esbensen, G. L. (2021). Outdoor learning with apps in Danish open 
education. In A. Marcus-Quinn & T. Hourigan (Eds.), Handbook for online learning 
contexts: Digital, mobile and open: Policy and practice (pp. 99–113). Cham: Springer 
International Publishing.

Schilhab, T., Esbensen, G. L., & Crety, C. (2022). The 4E approach: An embodied 
cognition theory on learning (Published in Danish): Fire I tilgangen: en embodied 
cognition-teori om læring. In J. Bjerre & P. Fibæk Laursen (Eds.), Pædagogikhåndbogen: 
seks tilgange til pædagogik (2. ed.). Hans Reitzel.

Skar, M., Gundersen, V., & O’Brien, L. (2016). How to engage children with nature: 
Why not just let them play? Children’s Geographies, 14(5), 527–40.

http://static.inaturalist.org
http://static.inaturalist.org


DOI: 10.4324/9781003341604-19

Introduction

In short, scientific reasoning hinges on observations, hypothesis testing, and 
theoretical expectations (Chalmers, 2013). This assumption applies to the sci-
ences concerned with natural environments like biology, geology, and astron-
omy. Within these knowledge areas, observations entail perceptual processes 
that intertwine with and ignite hypothesis generation. Thus, part of the scientific 
activity involves an observer taking the time to attend to, engage with, and per-
ceptually dwell on tangible phenomena. According to Sheets-Johnstone (2023), 
such a dwelling in which a continuous dialogue between perceptual processes 
and idea generation occurs was essential to Darwin’s scientific activities.

Obviously, nature is abundant with phenomena that appear intuitively and 
perceptually engaging. However, given the emphasis on perceptual activity, 
one may wonder whether perceptually oriented activities like experiencing art-
works could be effective in similar ways and promote the sharpening of per-
ceptual acuity of importance to many school subjects. Clearly, art is not 
homogeneously defined. Art can be beautiful, realistic, abstract, and also awful 
and shocking. Therefore, this chapter explores to what extent experiencing 
artworks from the 1960s’ minimalist and geometric abstract movement, 
known as Light and Space exhibited at the Danish art centre Copenhagen 
Contemporary in 2022, sparks perceptual engagements and motivation for 
exploration. Of importance, the Light and Space artists contributed in their 
time to a radical shift in art, leaving a focus on object and meaning in favour 
of an awareness of how art and space are experienced with the body (Adcock 
& Turrell, 1990). Hence, my focus is on artworks where the artist uses a kind 
of nature-related materiality to stimulate the spectator. I will clarify this crite-
rion more thoroughly in a short while.

Motivation

When pupils are introduced to science, they also train perceptual acuity 
(McBride & Brewer, 2010). That occurs when pupils observe birds in the sky 
or count the number of species in the schoolyard (Schilhab, 2021). Natural 
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environments, such as a stream with freshwater invertebrates and fish, can 
engage pupils in detailed observations and lead them to ponder their findings 
(Magntorn & Helldén, 2007). The materiality of the natural environment is 
intrinsically stimulating and engages children in basic sensory experiences of 
light and darkness, movements, sounds, and odours. Bosse et al. (2009) con-
jecture that spontaneous observations and budding inferences about perceived 
relations stimulate pupils to understand how to construct more formalised 
scientific hypotheses and critical reflections in later science education.

According to embodied cognition conceptions, we are poised towards 
the processing of the incessant flow of phenomena in our environment 
(Klomberg et al., 2022). The parallel processing of how one phenomenon 
is linked with another—the butterfly with the flower while the sun shines at 
a particular angle—forms the basis of situated conceptualisation episodes 
(Barsalou, 2009).

Following the Attention Restoration Theory (ART), nature consists of par-
ticular features that facilitate soft fascination by attracting our attention and 
engaging us bodily through sensory and perceptual activities (Kaplan, 1995). 
Hence, nature’s ability to ignite spontaneous interest of importance to science 
didactics may be unique.

However, art in itself shares some of nature’s characteristics. Merleau-Ponty 
addressed the relationship between experiencing nature and art from the 
aspect of the richness of an aesthetic experience (2003). According to 
Guareschi (2017),

Merleau-Ponty’s philosophy aesthetic experience is intended as both per-
ceptual experience (aisthesis) and artistic experience. In a conception in 
which the sensible level is prominent, the analysis of perceptual experi-
ence represents the pivotal element of investigation. Perception is related 
to sense organs and leads to the consideration of bodily experience tout 
court. Bodily experience appears in its expressive role regarding both the 
shared world of culture and nature.

(p. 224)

Furthermore, following Guareschi (2017), MerIeau-Ponty considers

art as a form of investigation of the pre-categorical encounter with the 
world. Instead of considering painting as code that transposes natural 
perception into an artefact, Merleau-Ponty proposes seeing painting as a 
genuine understanding of our experience of the perceptual world.

(p. 228)

Art is, as suggested earlier, often materially exciting, for example, due to novel 
installations of composite materials and unusual structures, designed to dis-
turb habitual thinking and provoke new insights (e.g., Funch, 1997). 
Traditionally, artists aim to entice the perceiver by promoting experiences that 
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stimulate thoughts and reflections in innovative ways (e.g., Johnson, 2018). 
Such effects can also arise in what I refer to here as nature-related artwork. 
These can either depict or allude to natural phenomena like the Moon, shad-
ows, black holes, gravity, etc., or employ natural materials like wood, stones, 
water, etc. According to Fingerhut and Prinz, art experiences often elicit inter-
est (2018),

Generally, interest […] is related to the appraisal of novelty and complex-
ity. Interest might therefore be a good candidate for taking on the cogni-
tive challenge that is often part of our engagement with artworks we 
appreciate […]. Moreover, besides being a plausible candidate regarding 
its phenomenology and cognitive dimensions, it also captures the right 
action tendencies: We linger around the artworks that spur our interest. 
Those artworks that repay active exploration—which could be seen as a 
component of prolonged interest—are those we most highly value.

(p. 112)

Interest may be similarly close at heart to children’s involvement in art. Studies 
of aesthetic activities in Danish preschool children exposed to paint and can-
vases suggested the wealth of explorative and experimental processes elicited 
in the participants (Blume, 2015). Here, particular attention was given to the 
self-initiated explorative and experiential practices. As suggested by Bosse et al. 
(2009), “[Y]oung children are naturally curious. The desire to question, 
hypothesise, explore and investigate is part of their very being” (p. 10).

In the spirit of MerIeau-Ponty, this chapter addresses the capacity of 
nature-related artworks to perceptually stimulate in ways attributed to natural 
environments. The purpose is to explore whether experiences of art could 
induce perceptual processes of value to education in general and science 
education in particular.

Empirical work and relation with the 4Es

The cases presented here derive from an evaluation of the exhibition of Light 
and Space at Copenhagen Contemporary (CC) from December 2021 to 
October 2022 by the author (Schilhab, 2022). The evaluation concerned 
CC’s pedagogical initiatives directed at children’s informal science education.

The first case, the Moon experience, involves auto-ethnographic observa-
tions using thick descriptions noted in the evening after two separate visits, 
first alone and in the following week, accompanied by an experienced geolo-
gist and science writer (Wall, 2006).

The second case, a lab activity about the phenomenon of shadows, is based 
on my field observations of guided activities for children offered by CC along-
side the exhibition written on the day of the observations.

The cases differ with respect to which 4E aspects they prioritise and which 
methodology has been employed to collect data. The Moon case emphasises 
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the elevation of experiential and embodied awareness in the sense of being 
perceptually and sensorially engaged, as suggested by ART, intertwined with 
idea generation. The perceptual involvement may occur through sounds, 
movements, odours, uneven surfaces, palpation, and so on, putatively engag-
ing the entire sensory palette. Idea generation occurs as associations and 
incentives for further exploration and sharing of thoughts. The lab case 
addresses perception and idea generation from the perspective of the extended 
mind. Here, the term refers to the perceptual processing of actual phenomena 
while sharing attention, verbal thoughts, and tangible activities (Kirsh, 2010; 
Schilhab, 2013, 2017, 2018).

Both cases were chosen to unfold the potential of actual artworks in stimu-
lating science-like perception, embodied engagement, and idea generation. 
The aim is to highlight science-relevant activities when experiencing art. 
Therefore, I refrain from discussing art experiences as such.

CC’s perspective on the Light and Space Movement

Piggybacking on the spirit of the artists’ movement Light and Space, the aim 
of the art centre was to explore new paths in learning by providing new edu-
cational outreach formats through experimentation and labs for space, light, 
colour, physics, and mathematics for children. In connection with the exhibi-
tion, CC aims to support science experiences by engaging visitors in new 
works of art that explore light and space using the senses. In continuation, the 
lab affords exploration of the world through colour filters, the drawing of mir-
ror images, the creation of personal artwork using LEGO blocks, etc.

Presentation of the exhibition

The former shipyard buildings which accommodate the Light and Space exhi-
bition and the associated workshop are remarkably spacious. The location at a 
prestigious pier area in Copenhagen comes with plenty of sunlight floating 
through gigantic windows. The exhibition area is large, and the ceiling seems 
literally unreachable. Guests are met with plenty of room for dwelling with 
and exploring an artwork, although touching is not allowed. The walls are 
generally acting like anonymous surfaces, unless they are accommodating an 
artwork, adding a clinical sphere to the environment.

The exhibition hall is filled with various artworks stimulating the curios-
ity of the guests and silently inviting them to perceive and reflect. Some 
artworks allow for explorations of the space, the effects of light, or the 
characteristics of materials—e.g., playing with shadows, mirroring effects, 
and optic illusions—while insistently asking questions about our senses and 
perceptual stances. Other artworks are inspired by natural phenomena and 
the laws of nature, exposing how light diffracts in different media and 
showing interference patterns or what happens when our eyes adapt to 
complete darkness.
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The lab forms the last part of the exhibition and consists of five stations 
containing activities that relate to the exhibition to inspire visitors to interact 
and reflect on their experiences with the artworks and themes. At one station, 
the visitor is invited to draw first squares and then crosses while the direct line 
of gaze is blocked, and only a mirror image of their hand while drawing is vis-
ible. Dollhouse-like cube forms with mirror-coated walls allow guests to 
explore the effects when items are surrounded by several mirrors. This station 
alludes to mirror artworks by, e.g., Olafur Eliasson and Jeppe Hein (see 
Figure 14.1), located at the end of the same hall. In another station, blue, red, 
and transparent blocks of LEGO are offered for visitors to build their own 
artworks and inspect the shadows of their constructs by placing them on a lit 
surface (see Figure 14.2). Visitors are guided by signs instructing them how to 

Figure 14.1 � Mirror installation created by Olafur Eliasson in connection with Light 
and Space. Photograph by Niels Halfdan Hansen.
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interact with the stations, and a host supervising the room offers guidance and 
inspiration as needed.

The cases

The Moon case is based in an almost white room with very few distinctive 
features to soothe the eye, resulting in noticeable confusion about its actual 
extent. The installation is located on the last third of the route of the exhibi-
tion. Before entering the room, we leave our shoes outside. The floor is soft 
and vaguely responsive under the foot, like walking in a pine forest. The floor 
is also slightly vaulted, descending towards the sides. The surface of the walls, 
the ceiling, and the floor appear airtight, and the noise seems to be parked 
along with the shoes. The light intensity in the room is high, with multiple 

Figure 14.2 � Pieces of LEGO to stimulate building activity in visitors at the Light and 
Space exhibition. Photograph by Niels Halfdan Hansen.
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hidden sources at floor level, though calm and soothing. Only the darker 
door-shaped field of the entrance which opens up to the hall, leading to other 
installations, breaks the sensation of omnipresent light.

Tentatively, we move around in an explorative mode towards the edges, as 
the room has no corners. When talking, we choose to whisper. Occasionally, 
other guests are briefly passing by without entering, although there is plenty 
of room for more visitors. Deliberately, I refrain from talking with my friend 
about my first visit.

One week later, we discuss the experience. I throw questions exploring his 
accompanying perceptual and embodied awareness. My friend responds that his 
experience was that of resting in a big void—much like in a haze—with his eyes 
blocked by endless whiteness. He recounts the similarities with his childhood 
experiences of holidays spent in dense fog on the western coast of Denmark.

I, on the other hand, had a sense of experiencing the face of the Moon. 
Immediately when entering the room, this flash of the Moon experience 
occurred. This was primarily based on the sensation of the gentle, all-
encompassing light with no discernible features; the arched “horizon”; and 
the impression of endless space. Also, the search for anchoring posts with 
almost bare feet and here meeting the uneven velvety and warm “moon” sur-
face added to the sensation of touching an otherworldly materiality.

The lab case is based on a recurrent workshop activity called Science Art 
Club, open for families and children aged 6–15 years. The workshop is led by 
an experienced artist and art educator—Janet—who, on the day of observa-
tion, is introducing the shadow theme. She stands at a table that includes her 
personally produced examples of how to explore shadows from different mate-
rials and with different tools, such as transparent coloured foils, torchlights, 
and a screen. The workshop guests are invited to create products with which 
to explore the relation between various materials and shadows, and how to 
manipulate shadows by rearranging the object that casts it.

Two children—a boy of 6–7 years and a girl of about 9–10 years—are 
seated at the edge of the big box with blue transparent LEGO bricks. They 
construct buildings accompanied by a grandmother and, later, their parents.

After a while, the girl approaches Janet together with her father, carrying 
her cube-like building—octahedron—meant to balance on a single point. 
Unassumingly, she asks if there is a place at the lighted table where she may 
place her work. Janet immediately offers a vacant spot and then asks the girl if 
they should illuminate her artwork with the flashlight to watch how it emits 
shadow effects. The girl follows the light path inside the transparent bricks 
with her eyes and is pleasantly surprised. Janet then guides the girl to also dis-
cover the effects of the material in the shadow that falls from the construct as 
Janet moves the flashlight around. The shadow is visibly patterned. Suddenly, 
the girl disregards the object itself, the construct she has meticulously created, 
and now inspects the shadow as a factor that she can manipulate when control-
ling the direction of the light beam. Janet offers her the flashlight, and the girl 
examines the shadows enthusiastically.
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The relationship between the light, the direction of the light, and the object 
now appears as a larger whole than before when she intended to place it on the 
table to be lit from underneath. She explores and discovers that there are more 
elements and relationships to the object than are apparent at first glance or 
which one has become accustomed to noticing.

The girl’s father also attends when the girl manipulates the light. He is simi-
larly engaged with exploring the patterns visible in the shadow. Surely, the pair 
will later refer back to the episode when talking about the visit and remember 
the construct and the shadow as an experience they have in common.

Nature versus the human condition

In this section, I discuss the cases in light of the embodied and the extended 
mind. First, I zoom in on the specific quality of artwork-induced perception. 
Second, I discuss how the experienced artist and art educator can intensify 
perception and idea generation in a child by employing their skills on a 
shared object.

Embodied perception of the Moon case

Nature-related artworks have certain capacities to facilitate embodied engage-
ment, as they play with sensory experiences and engage our attention so that 
we become poised bodies as we attempt to acquire meaning. But do artworks 
provoke interest in the same way as nature does?

In many of the installations, specific sensory experiences are enhanced at the 
expense of others. For example, the Moon experience pivots around the unin-
terrupted white vaulted sight, generating the sensation of emptiness. Here, 
“space” is almost fully reliant on the visual input and the incessant palpation 
with the feet. The room is void of phenomena that move and activity among 
items. Sounds as tokens of causality—and thus life—seem absent (Jonas, 1954).

The downplaying of some of our senses seems less likely to happen when we 
experience nature. Rather, the perceiver is at the mercy of the dynamics of the 
natural world (Chun et al., 2011). Thus, such perceptual experiences come 
with an air of connecting to the real world by pointing us outwards, suggest-
ing the near sensation of the “ding an sich”—i.e., irrespective of interpreta-
tions and viewpoints (Blumenau, 2001). Conversely, in experiencing artworks, 
the designed experience manipulates the weight of the senses to induce inter-
est. This suggests that the experience is not about the real world and thus 
points us inwards to focus on how the immediate moment feels “for us”, the 
“ding für uns”—e.g., our subjective sensations. The difference echoes Merleau-
Ponty’s concept of double sensation—the body as a physical thing sensing 
other bodies (1945/2012). Although we are equally perceptually engaged in 
both situations, the emphasis on experiences in nature tends to be on what is 
out there; with experiences of art, the emphasis tends to be on what happens 
inside of us.
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How does this affect the didactic use of experiences of nature-related art-
works in science education? The use of nature experiences to stimulate percep-
tual processes and idea generation is about associating external phenomena 
and gaining insight into nature’s anatomy.

In artwork experiences, on the other hand, we sense the presence of a 
human creator due to its felt intentionality and the manipulation of our inter-
ests. This leads to engaging with the perceptual activity itself and, ultimately, 
to insight into our inner anatomy and the human condition.

Whereas nature’s anatomy is at the very heart of science and thus of interest 
to contemporary science education, is the insight into the human condition of 
similar relevance? Increasingly, science education concerned with global chal-
lenges like the biodiversity crisis and the effects of climate change has been 
associated with pupils’ emotional engagement with the topic (Schilhab, 2021; 
Schilhab & Esbensen, 2024). It has been suggested that for pupils to grasp 
sustainability issues, they must understand their concrete dependence on 
nature. Hence, artwork which induces self-reflection about, for instance, 
species-specific perceptual processes and the human condition holds the 
potential to critically unveil the biological foundation of human existence sig-
nificant to our understanding of nature as essential to life and thus worthy of 
protection (see also Fredriksen & Groth, 2022).

Embodied and extended mind in the lab experience

In the lab setting, Janet’s skilled guidance of the participant’s perceptual pro-
cesses and embodied experience visibly augment the girl’s insight. Janet’s 
intervention is based on her didactic deliberations, which—as opposed to 
nature’s capturing of our senses—operate top-down towards a specific goal. 
Janet uses her skilled perceptions and experiences as an artist and mediator of 
art to guide the girl to both manipulate and investigate shadows. Conceivably, 
the girl would probably not discover how torchlights produce patterned shad-
ows when lighting up transparent LEGO blocks on her own. Also, mere 
dwelling in nature without intervention would only allow her to observe those 
shadows which nature would produce on its own in the moment. With the 
help of the torchlight, Janet’s skills make her challenge the concept of shadows 
in multiple ways. Together with the girl, Janet unfolds aspects of the situation, 
which would be hidden in the bottom-up mode prevalent in nature.

It is worth noting that the use of nature to learn about nature’s anatomy is 
just as much an example of extending pupils’ cognition. Although a skilled 
science teacher may not manipulate nature in the way Janet manipulates the 
LEGO construction, they may use the materiality of nature to share experi-
ences, verbal thoughts, and tangible activities (Schilhab, 2021).

Hence, the embodied and extended engagement with either nature or 
artwork coexists, and they affect much more than their perceptual acuity 
and generation of ideas. Direct experiences in both cases are always highly 
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embodied and sensorially meaningful and, therefore, intrinsically interest-
ing, which thoroughly increases pupils’ chances of remembering, sharing, 
and reflecting upon the event with learning effects that outlast school 
(Schilhab, 2017).
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Introduction

There is excitement in the room when I enter the school’s auditorium to 
attend my daughter’s end-of-semester show. The parents take their seats, the 
light dims, and the young children march on stage and prepare to sing. The 
teacher starts a backing track, played overly loud through a pair of prominent 
speakers hanging high above the stage, and the children begin to sing. All goes 
well in the first verse and chorus, but the kids are so excited that many do not 
recognise the one-bar break before the second verse starts; the result is chaos. 
Some kids continue singing independently of the backing track, increasing 
their tempo. Those who waited for the extra bar get confused by the others, 
and many stop singing. The teacher stands in the front, gesticulating, trying to 
get the kids to sing together. The pre-recorded backing track plays on. 
Eventually, the teacher gives up and signals to stop the playback. The parents 
applaud encouragingly despite the chaotic performance. I see my daughter 
walk off the stage in despair. Afterwards, she says she will never sing with her 
class again. What went wrong? How could something as simple and natural as 
school class singing fail so miserably?

In this chapter, I discuss “embodied music learning” and explore how tech-
nologies can support new forms of musical exploration in classrooms. Ideally, 
technologies help “amplify musicality”, an expression Brown (2014) uses to 
explain how the technologies of our time can enhance music-making, learning, 
and teaching. However, a problem with many current music technologies is 
that they are not “classroom ready”, nor are the teachers adequately trained to 
use them effectively in classrooms. The result is poor learning and general 
techno-scepticism.

My entry point to embodied music learning is as a researcher on the cross-
roads between music cognition and music technology, and as a teacher in a 
generalist higher education music programme. I will start by introducing the 
“musicking” concept (Small, 1998) and merge it with recent theories of embod-
ied music cognition (Clarke, 2005; Cox, 2016; Leman, 2008) and 4E approaches 
(Gutierrez, 2019; Schiavio & van der Schyff, 2018). Then, I give examples of 
how “musicking technologies” can be used in 4E-inspired teaching.

15	 Embodied music learning
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Musicking

What does it entail to “learn music”? Is it to learn how to listen to music? To 
learn how to play an instrument? To learn how to build an instrument? To 
learn how to compose? To learn how to analyse? To learn how to appreciate 
music cultures? I like to think about all of these and use the inclusive verb “to 
music” to explain that music is not an object but an active process. When 
Small (1998) introduced the concept of “musicking”, it broke with a tendency 
(in Western cultures) to objectify music. Throughout the 20th century, 
European musicology was primarily concerned with musical notation, and for-
mal music training was focused on learning to play pre-composed scores on 
standardised instruments. Such a score-focused approach led to thinking about 
music as a “thing” rather than a process.

The objectification of music has not become less with the abundance of 
pre-recorded music surrounding us everywhere. One can easily live a life lis-
tening to music from morning to evening: from a home entertainment system 
in the living room, on the mobile phone while commuting, and on the radio 
at work. Even if you are not listening to music on your own device, there is 
often music in cafés, on the bus, in shops, and on both traditional and social 
media channels. Never has so much music been available, but most of this 
music is experienced passively, as background tracks to our lives. This may not 
necessarily be negative, but how does it affect our ability to make music our-
selves? Moreover, how do new generations learn music in this—from an evo-
lutionary perspective—new musical environment?

In the book Ways of Listening, Eric Clarke (2005) argues that listening is an 
embodied activity exploiting the multimodal capacities of our bodies. He 
builds on the ecological psychology of Gibson, who argued that “[o]ne sees 
the environment not just with the eyes but with the eyes in the head on the 
shoulders of a body that gets about” (Gibson, 1979, p. 222). Music is also 
experienced through such an “action-perception” loop. This is not only the 
case when dancing or jogging to music; people move to music even when they 
try to stand as still as possible (González Sánchez et al., 2018).

Figure 15.1 shows a model of “embodied music cognition” inspired by a 
more complex model developed by Marc Leman (2008). A performer can be 
seen as making music with an instrument. The interaction between the per-
former and their instrument is based on what I call “action-sound couplings” 
(Jensenius, 2022). The performer acts on the instrument, and the instrument 
re-acts with vibrations experienced in the performer’s body and heard as sound 
through the ears. The action is based on an expectation of what will come, and 
the expectation is based on experienced actions. Similarly, the perceiver hears 
the sound from the instrument but can also see the interaction. I use the term 
“perceiver” instead of “listener” to stress that the experience of music is inher-
ently multimodal. In the model, both the performer and perceiver interact 
with what Gibson (1979) called the “environment”. The environment can be 
other people, a room, or something else external to the person in question. 
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The most important is a continuous action-perception loop, forming the basis 
for the enactment.

The musicking quadrant

Musicking is not limited to music performance or perception but includes 
various musical activities. Figure 15.2 shows a model of the “musicking quad-
rant”, organised in a matrix-like structure related to time and function 
(Jensenius, 2022). Musical activities that happen “in time” include perform-
ing and perceiving music, while “out of time” activities include building 
instruments, composing pieces, producing records, and analysing music. This 
temporal distinction resembles the concepts of “online” and “offline” effects 
in embodied cognition theory, where offline is used to describe when action-
related processes are temporally separated from relevant perceptual process-
ing, thus contributing in a top-down fashion (Schütz-Bosbach & Prinz, 2007).

In the musicking quadrant, perceiving and analysing music can be seen as 
different ways of experiencing music, while the others are concerned with 

Figure 15.1 � A simplified model of the internal action-perception loops of performers 
and perceivers, the performer's interaction with their instrument, the inter-
action between performer and perceiver, and their interaction with the 
environment. The model shows the complexity of a musicking situation.
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creating music. There are many overlaps between these roles. Composers may 
develop melodies, rhythms, and chord progressions while playing an instru-
ment, and improvisers arguably compose “on the fly” during a performance. 
Still, the musicking quadrant helps explore what falls between categories, and 
it also helps explain why the Western music world is still primarily structured 
around these categories. Many higher education institutions have separate 
tracks for performers, composers, producers, and music theorists. Graduates 
have distinct career paths and are members of independent professional 
organisations.

New technologies challenge traditional conceptions of the roles in the 
musicking quadrant. Traditionally, instruments had to be built before they 
could be composed for and before someone could perform with them. 
Nowadays, instruments can be built during a performance, such as in the 
music genre called “live coding” (Blackwell et al., 2022): The performer cre-
ates sound on the fly while sitting on stage with a laptop and writing a com-
puter programme projected on a screen for the audience to follow. The 
audience can watch the development of the instrument and composition 
(manifested on screen as code) while listening to the sonic output.

Other types of new music performance technologies also challenge tradi-
tional musicking roles. In what is often referred to as “new interfaces for 
musical expression” (NIME), the composition may be embedded into the 
instrument (Jensenius & Lyons, 2017). Then, composing may also include 
building the instrument, which blurs the boundary between the instrument 
maker and composer. Laptop musicians often perform with software that 
works in both real-time and non-real-time modes. The “composition” is 
usually not a traditional score but a collection of pre-loaded samples and 
presets in the software, blurring the lines between composer, producer, and 
performer.

Figure 15.2 � The “musicking quadrant”, a model for investigating relationships between 
different types of musicking (Jensenius, 2022).
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Similar technologies and musical concepts are increasingly available to per-
ceivers. New mobile phone apps allow for remixing tracks and adjusting 
musical parameters on the fly. Some artists release apps with multitrack ver-
sions of their songs that users can modify at will. This opens for more “active 
listening”, in which the perceiver becomes a performer. It breaks with the 
century-long tradition of listening to pre-recorded tracks and engages the 
user actively with the musical material. New music technologies add enact-
ment to musical experiences. Today, children have access to these technolo-
gies on their phones, tablets, and laptops at an early age. How does that 
impact music education in schools?

A failed performance

My daughter’s school singing is an example of how music technology may 
both encourage and discourage musicking in an educational context. On the 
one hand, the choice of playback technology encouraged the children to sing, 
but on the other, it was also one of the reasons the performance failed. The 
problem was that neither the teacher—nor the children—had control over the 
pre-recorded song beyond starting and stopping the playback. This is an 
example of a non-interactive music technology that is difficult to use in a per-
formance context where unexpected things may happen. Their performance 
was made inflexible thanks to technology without adjustment possibilities.

One could argue that engaging in musicking is positive regardless of the 
“quality” of the result and that there is also learning in failing on stage. 
However, it is counter-productive if it leads to children refusing to sing. I am 
sure the teacher had good intentions when choosing a professionally produced 
backing track to support the children’s singing. However, if a backing track 
were to be used, choosing an interactive music technology that allows for a 
suitable control level would have been better. Many hardware and software 
solutions are available that allow for adjusting the tempo and pitch of the 
music being played, as well as jumping back and forth in tracks. Such tools are 
well known to DJs and laptop musicians but are less used in general music 
education. This is partly a technological problem; many tools are developed 
for experts, not learners and educators. There is also a knowledge gap. Many 
teachers are not educated to teach various types of music technology. Many 
higher education programmes still regard music technology as an “add-on” to 
other activities rather than an integrated part of musicking.

As a music technologist, I often stress that new music technologies do not 
need to exclude traditional technologies. We never had backing tracks when 
singing in class when I went to school; our music teacher played the piano and 
could easily adjust if something happened. Missing the start of a new verse is a 
classic challenge for accompanists. If it happens, one can easily skip a bar to 
catch up with the singers. For the teacher, choosing the right technology for 
the job is essential. The key is flexibility and the possibility to adjust while 



154  Alexander Refsum Jensenius

performing. It does not matter whether the teacher uses a piano or a laptop as 
long as they know how to play them.

Very soon, there will be commercial systems with embedded musical artifi-
cial intelligence that could have saved my daughter’s performance. Systems 
with built-in “machine listening” capabilities allow for adjusting the musical 
response similar to a human performer (Erdem et al., 2022). Such systems are 
actively explored among music technology researchers. As opposed to previ-
ous music technologies primarily targeted at experts, many new systems are 
developed for general interactive musicking. The machine integrates the roles 
of analyst and performer from the musicking quadrant, and it can even com-
pose on the fly. It also allows humans and machines to engage in musical 
co-creation.

Even though I am optimistic about the future of musicking technologies, 
we should remember that it is perfectly fine for children to music without any 
technologies. Learning to sing without accompaniment is a valuable musical 
and social skill: It requires listening to others and adjusting one’s singing 
accordingly. It may be more challenging to produce a well-sounding result by 
singing without a backing track (or a piano, for that matter), but it may still be 
worth it in the long run. Clapping while singing helps keep the beat, and walk-
ing or dancing even more. Many children’s games are based on combinations 
of singing and various types of bodily behaviour. Then, there is no need for 
backing tracks to keep the rhythm and understand the song’s structure.

An action-sound approach

How can embodied music learning principles and musicking technologies be 
used in classrooms? Over the years, I have developed an action-sound approach 
when teaching new bachelor’s students about interactive music systems 
(Jensenius, 2013). This approach breaks with the traditional way of teaching 
music technology separately from other music disciplines. My approach aligns 
with the 4E cognition principles and should be possible to explore also in school 
education. In the following, I briefly describe how it can be implemented.

Embodied

Many of today’s core educational technologies—including laptops, tablets, 
and phones—are “disembodied” in the sense that they force the user to focus 
their gaze and restrict their action potential. This often leads to sedentary lap-
top musicianship, pushing buttons with the fingers. I always start my classes 
with an embodied exercise. This could be asking students to make musical 
sounds with their mouths or tapping on the table. I try to use laptops as little 
as possible. Even though mobile phones have more limited processing capabil-
ities than laptops, they allow for more physical interaction. I ask students to 
form small “mobile phone ensembles” that move in space and use various 
types of gestural control as an integrated part of their musicking.
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Embedded

After getting the students moving, I ask them to move to a different location. 
Making a sound in a dry classroom differs from producing the same sound in a 
highly reverberant space. For example, corridors usually provide a long reverb 
time, completely changing how sounds are heard. This engages the students to 
listen to the space and make sounds that fit their environment. By moving through 
the space, they also understand how location impacts sound wave radiation. 
Facing a corner is completely different from standing in the centre of a room.

Enacted

Many students approach musicking from the perspective of traditional musi-
cianship: singing or playing a pre-composed song. That is fine if the aim is a 
specific performance. However, there is much learning involved in daring to 
improvise freely. This requires the coordination of the interplay between per-
forming sound-producing actions on an instrument and the re-action of the 
instrument on the body. Again, this requires balancing listening and perform-
ing. It may be daunting, so I often approach improvisation by setting a timer: 
improvise freely for one minute, then take a one-minute break, and then 
improvise freely for one minute again. The breaks are significant: They stop 
the flow and let the student start over in the next run.

Extended

Once students are comfortable with their own instrument—whether tradi-
tional acoustic or novel electro-acoustic—I ask them to improvise together. 
Musical improvisation is a form of group-based “problem solving”. You need 
to be alert, attend to what others are doing, and contribute something your-
self. It requires a constant interplay between mind and body, body and instru-
ment, and an attuned focus on the group’s output. Sometimes I ask students 
to use microphones and small amplifiers when performing together and pro-
duce the same sounds while changing microphones and speakers. They can 
also explore connecting microphones and speakers in various constellations so 
that they lose track of their “own” sound. This is an efficient way of learning 
microphone technique, but, more importantly, the students learn to appreci-
ate the distinct qualities of various amplifying technologies.

From sound-making to music-making

I developed my action-sound pedagogy after several years of more conven-
tional teaching. Instead of teaching digital signal processing from beginning 
to end, I focus on essential musicking skills: how to build an instrument, pro-
duce sound, listen to the sound, and play with others.

Even though novel instruments open new musical avenues, they are still 
what Libin (2018) calls a “[v]ehicle for exploring and expressing musical ideas 
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and feelings through sound”. Laptops and mobile phones can be such vehicles, 
but so can a coffee cup and a pen when used as a percussive instrument. A rub-
ber band can be attached to a chair and function as a string instrument, and a 
bottle can be turned into a wind instrument. The students learn that they can 
create sounds with any object in their vicinity. They just need to use their 
imagination when picking objects, position themselves in a suitable acoustic 
environment (or improve the acoustics through microphones and speakers), 
and listen to the sounds they produce.

There are several reasons why I avoid using traditional instruments in my 
teaching. One challenge is that most traditional instruments are hard to mas-
ter. People practice the violin for years before it sounds “nice”. Another chal-
lenge is how many traditional instruments are built around specific musical 
logics. Magnusson (2018) argues, “[i]nstruments are impregnated with 
knowledge expressed as music theory”. Many of them, including the piano, 
favour musical genres based on the Western, tempered, 12-tone system. A 
recorder helps the user to play tones within the tempered tonal system. A gui-
tar in a standard tuning makes playing songs in A major easier than F major, 
and a piano affords playing songs in C major on the white keys.

The piano is an example of an instrument in which the performer has rela-
tively little control over the sound. One hits a key and gets a sound. I often say 
that the piano has two “degrees of freedom”: the pitch (which is controlled by 
deciding on which key to hit) and the velocity (which determines how loud 
the sound will be). Thus, the piano is quite limited in its sonic capabilities and 
lends itself better to creating combinations of tones, such as playing chords in 
various combinations, than playing single melodies.

Several traditional acoustic instruments can be seen as music makers in 
addition to being sound makers. Organs have systems for playing intervals 
with one finger. Chord progressions are integrated into the instrument design 
in accordions. Many electro-acoustic instruments have continued this trend of 
embedding musical knowledge. Today’s digital music systems can play sophis-
ticated musical structures independently, and AI-based instruments can make 
music in any style and interact successfully with human musicians.

Unfortunately, many 20th-century music technologies are “disembodied”: 
they have been developed based on the limitations of available technologies 
rather than the capabilities of human bodies. Many music technologies have an 
abundance of buttons and knobs encapsulated in square boxes with lots of cables 
(Jensenius & Voldsund, 2012); they have masculine designs and names (Jawad, 
2020), and have not been particularly accessible (Frid, 2019). Fortunately, there 
has been an “embodied turn” also in music technology research over the last 
years (Lesaffre et al., 2017). Corintha and Cabral (2021) analyse how three digi-
tal musical instrument prototypes employ principles from 4E cognition. They 
highlight that developing one instrument that covers all dimensions is difficult. 
This aligns with my reasoning for not focusing on one particular instrument.

What I find most exciting is that many new interactive music systems con-
tinue to explore the blurring of roles in the musicking quadrant. Composers 
and performers build instruments themselves, instrument makers integrate 
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complete compositions in their designs, perceivers interact with pre-recorded 
musical elements, and analysts participate in performances. This also means 
that it is increasingly difficult to define an instrument or limit the capabilities 
of a media playback system. This is why I prefer to talk about musicking tech-
nologies, technologically based systems that allow for exploring music in vari-
ous ways beyond traditional musical categories. They will not replace traditional 
music technologies but will complement them and, hopefully, allow for more 
active musicking in the future.

In sum, one of my ambitions is to develop new embodied musicking prac-
tices and related technologies, thereby opening more exploration between the 
different parts of the musicking quadrant. Traditionally, music performance 
has been considered the most embodied musical practice. Composition is 
often taught theoretically, using symbolic representations (musical scores). 
The analyst’s role has also been theoretical, reducing musical experiences to 
words, numbers, or other symbolic representations. However, both composi-
tion and analysis rely on embodied knowledge, which can (and should) be 
emphasised in music education. The musicking quadrant can be a tool to help 
talk about different musical engagements and explore various types of musi-
cal—and bodily—engagement.

References
Blackwell, A. F., Cocker, E., Cox, G., McLean, A., & Magnusson, T. (2022). Live cod-

ing: A user’s manual. MIT Press.
Brown, A. (2014). Music technology and education: Amplifying musicality. Routledge.
Clarke, E. F. (2005). Ways of listening: An ecological approach to the perception of musi-

cal meaning. Oxford University Press. https://openlibrary.org/works/
OL8004185W/Ways_of_Listening

Corintha, I., & Cabral, G. (2021). Improvised sound-making within musical appren-
ticeship and enactivism: An intersection between the 4E’s model and DMIs. 
International Conference on New Interfaces for Musical Expression. https://nime.
pubpub.org/pub/e4lsrn6c/release/1

Cox, A. (2016). Music and embodied cognition: Listening, moving, feeling, and think-
ing. Indiana University Press. https://www.jstor.org/stable/j.ctt200610s

Erdem, C., Wallace, B., & Jensenius, A. R. (2022). CAVI: A coadaptive audiovisual 
instrument–composition. In Proceedings of the international conference on new inter-
faces for musical expression.

Frid, E. (2019). Diverse sounds: Enabling inclusive sonic interaction [Doctoral disserta-
tion, KTH Royal Institute of Technology]. http://urn.kb.se/
resolve?urn=urn:nbn:se:kth:diva-265159

Gibson, J. J. (1979). The ecological approach to visual perception. Houghton-Mifflin. 
https://openlibrary.org/works/OL5589051W/The_ecological_approach_ 
to_visual_perception

González Sánchez, V., Zelechowska, A., & Jensenius, A. R. (2018). Correspondences 
between music and involuntary human micromotion during standstill. Frontiers in 
Psychology, 9(1382). https://doi.org/10.3389/fpsyg.2018.01382

Gutierrez, J. (2019). An enactive approach to learning music theory? Obstacles and 
openings. Frontiers in Education, 4. https://www.frontiersin.org/articles/10.3389/
feduc.2019.00133

Jawad, K. (2020). Gatekeepers by design? Gender HCI for audio and music hardware. 
Norwegian University of Science and Technology.

https://openlibrary.org
https://openlibrary.org
https://nime.pubpub.org
https://nime.pubpub.org
https://www.jstor.org
http://urn.kb.se
http://urn.kb.se
https://openlibrary.org
https://openlibrary.org
https://doi.org/10.3389/fpsyg.2018.01382
https://www.frontiersin.org
https://www.frontiersin.org


158  Alexander Refsum Jensenius

Jensenius, A. R. (2013). An action–sound approach to teaching interactive music. 
Organised Sound, 18(2), 178–89. https://doi.org/10.1017/S1355771813000095

Jensenius, A. R. (2022). Sound actions: Conceptualizing musical instruments. MIT 
Press.

Jensenius, A. R., & Lyons, M. J. (Eds.). (2017). A NIME reader: Fifteen years of new 
interfaces. Springer. http://www.springer.com/gp/book/9783319472133

Jensenius, A. R., & Voldsund, A. (2012). The music ball project: Concept, design, 
development, performance. In Proceedings of the international conference on new 
interfaces for musical expression (pp. 300–3). http://www.duo.uio.no/sok/work.
html?WORKID=166398&fid=99532

Leman, M. (2008). Embodied music cognition and mediation technology. MIT Press. 
https://openlibrary.org/works/OL3744247W/Embodied_music_cognition_ 
and_mediation_technology

Lesaffre, M., Maes, P.-J., & Leman, M. (Eds.). (2017). The Routledge companion to 
embodied music interaction. Routledge.

Libin, L. (2018). Musical instrument. In Grove music online. Oxford University Press. 
https://doi.org/10.1093/omo/9781561592630.013.3000000097

Magnusson, T. (2018). Ergomimesis: Towards a language describing instrumental 
transductions. In Proceedings of the international conference on live interfaces (pp. 
78–85).

Schiavio, A., & van der Schyff, D. (2018). 4E music pedagogy and the principles of 
self-organization. Behavioral Sciences, 8(8), 72. https://doi.org/10.3390/
bs8080072

Schütz-Bosbach, S., & Prinz, W. (2007). Perceptual resonance: Action-induced modu-
lation of perception. Trends in Cognitive Sciences, 11(8), 349–55. https://doi.
org/10.1016/j.tics.2007.06.005

Small, C. (1998). Musicking: The meanings of performing and listening. University 
Press of New England.

https://doi.org/10.1017/S1355771813000095
http://www.springer.com
http://www.duo.uio.no
http://www.duo.uio.no
https://openlibrary.org
https://openlibrary.org
https://doi.org/10.1093/omo/9781561592630.013.3000000097
https://doi.org/10.3390/bs8080072
https://doi.org/10.3390/bs8080072
https://doi.org/10.1016/j.tics.2007.06.005
https://doi.org/10.1016/j.tics.2007.06.005


DOI: 10.4324/9781003341604-22
This chapter has been made available under a CC-BY-NC-ND license.

Bodily resonances from the ground

I begin by presenting a situation that might not initially seem relevant to 
teaching and learning in physical education (PE). However, I use the situation 
to illustrate how bodily resonances exist and are created between the subject 
and the world. I do this because when, or if, bodily resonances go unnoticed 
in PE, it can have the consequence that pupils lose track of these experiences 
that ground human cognition. The following example offers a reminder that 
bodily experience from a first-person perspective is a primary position for 
being in, and thereby acting and moving in, the world:

During the 2004 tsunami, the elephants noticed that the soil and sub-
strate were different than usual, even before the wave reached the shore. 
They sensed the earth through their feet and saved themselves by mov-
ing away from the sea. People, conversely, were keen to see what kind of 
wave was approaching the shore. The elephants extracted their bodily 
responses from the world they sensed and “evaluated” the situation far 
better than the humans, who let their concern about seeing what was 
happening have an impact on their actions.

This example provides insight into the non-conceptual, yet ever so clear, 
understanding of the elephants’ embodied connection to their surrounding 
environment. The elephants’ actions showed how they perceived and 
responded to the vibrations in the earth through their feet and whole bodies. 
The elephants listening to and “asking” the earth if they were safe or in danger 
is, according to Fuchs and Koch (2014, p. 2), an example of what animals do 
when they, through their bodily experience, examine whether a tree is climb-
able or whether water is drinkable, for example. So, the question is: why were 
(some) people keen to see the wave, and why did they prioritise their visual 
senses over kinesthetic listening, which means to listen through the skin and 
feel the contact with the ground? In principle, human beings embody the 
same relationship with the earth as animals, but as mentioned by Berg Eriksen 
(2000), senses like vision and listening team up with intellect to create a 
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response, while kinesthetic feeling and sensing team up with the body to do 
so. However, as Berg Eriksen points out, a hierarchy exists between the senses, 
where vision affects distance and judgement and invites the subject to obtain 
a third-person and objective point of view—while the more bodily senses such 
as touch, smell, and taste take a first-person, subjective, and intimate point of 
view that requires proximity. People also know from their own personal rela-
tionships that in social situations, before a word is even said, we experience 
each other through being spoken to or ignored. Unpacking experiences with-
out words shows us exactly how experiencing kinaesthetic feelings takes place 
in shared spaces between people.

So, the question remains: why were people keen to see the wave? What kind 
of knowledge did people draw on to prioritise watching the wave and perceiv-
ing it as something exciting through their vision? The wave probably appeared 
to them as “important” or, in a strange way, “attractive” (Fuchs & Koch, 
2014, p. 2), and this exciting sight overruled other bodily emotions and vibra-
tions that could be felt through the feet and body. This brings us to the under-
standing of bodily resonances underlying micro-sensations: feelings of warmth 
or coldness, tickling or shivering, pain, tension or relaxation, constriction or 
expansion, sinking, tumbling, lifting, etc. They correspond, on the one hand, 
to autonomic nervous activity (e.g., raised heartbeat, accelerated breathing, 
sweating, trembling, visceral reactions) and to various muscular activations, 
bodily postures, movements, and related kinesthetic feelings (e.g., clenching 
one’s fist or jaws, moving backwards or forwards, bending over or straighten-
ing oneself) on the other. Without these emotions or others as part of our 
experiential knowledge, the world lacks meaning, and as pointed to by Fuchs 
and Koch (2014, p. 4), when people are affected by affordances of a situation, 
it triggers a specific bodily resonance (“affection”) which in turn influences the 
emotional perception and evaluation of the situation and implies a corre-
sponding readiness to act.

In summary, it is this state that I refer to as the subjectivity and emotion in 
understanding teaching and learning in this chapter. Without including sub-
jectivity and emotions, the teaching of PE and physical education teacher edu-
cation (PETE) would run the risk of being mechanical or instrumental 
(Standal, 2015), where traditional learning of culturally mediated patterns of 
physical activity and sport are reproduced (Aasland & Engelsrud, 2023). The 
massive criticism of sport discourses in PE and PETE claims for an alternative 
pedagogy. In this chapter, I therefore try to unpack how a phenomenological 
understanding of teachers’ and students’ bodily and emotional sensing plays a 
crucial role in creating a socially inclusive space for learning that is not based 
on a distancing objective perspective and measurement of movements. Such a 
perspective is also supported by the research of Antonio Damasio (1994), 
who, from a neurobiological perspective, has shown how emotions play a cen-
tral role in social cognition and decision-making. The elephants’ emotional 
and bodily sensing, and the relationship with the earth that this gave them, 
helped them to “take the decision” to move in the right direction, away from 
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danger. Far from being barriers to making decisions and taking action, bodily 
emotions and sensations relate to the knowing body and can help us to make 
decisions in all sorts of situations. Relying on emotion in knowledge creation 
is also advocated for by Hanne De Jaegher and Kym Maclaren. By including 
Maclaren’s concept of “letting the other be”, I explicitly use the subjective 
perspective in teaching space as a theoretical grounding. The idea of “letting 
the other be” is an argument, first and foremost, for avoiding regarding, 
implicitly or explicitly, pupils as objects for the teachers’ own learning aims, the 
curricula and educational policy, and regarding them as autonomous beings 
with their own goals and aims. It does not mean that learning outcomes are 
not relevant; however, to understand pupils as embodied beings-in-the-world 
with their own ways of approaching learning is—as I advocate for—the 
grounds for PE and PETE to count as an educational space for human beings.

Students are not objects of curricula and politics

Students are not objects of curricula and politics; they have their own goals 
and should be treated accordingly. Unfortunately, in the history of PE and 
PETE, bodies have and acquire different values (Aasland & Engelsrud, 2023; 
Aasland et al., 2017, 2020; Hill & Azzarito, 2012) in how they are included 
and added to gendered and status values. (There is extensive literature in this 
field that I do not go into further.) The teaching culture in PE requires a theo-
retical and critical discussion on the risk of objectifying pupils. If the teacher 
takes an objectifying perspective towards pupils, the pupils themselves might 
easily adopt that perspective of themselves, with a possible consequence being 
that they prioritise distance over emotional bodily sensing. It is important to 
be aware that the tradition in PETE is to construct the teacher as a profes-
sional working from the outside perspective, where seeing the pupils is given a 
prominent position. However, if the intention is to be aware of the needs of 
the pupils, sensitivity is needed to grasp their experiences. To understand the 
subject in its own right is, however, not yet formulated as a position for teach-
ing in PE (Borgen & Engelsrud, 2020). Maclaren (2002) used the example of 
a horse trainer who knowingly helped “break down” a horse’s own rhythm. 
The trainer, like a teacher, had his own goals for the horse’s performance and 
was not able to achieve his own coaching practice and strategic goals until the 
horse broke down and could not take any more. Maclaren wrote that the 
trainer did not see the horse in its “horseness”; he saw the horse as a means for 
what he himself wanted to achieve, and in practice, he did not include the 
horse in a relationship that living beings share. Moreover, Maclaren wrote that 
although we as humans can keep our thoughts (in this case about the horse) 
to ourselves, we still must act in the world and thereby expose ourselves, exem-
plified here by the act of destroying the other despite any good intentions. The 
ideas that emerge from the culture and history around the body and PE must 
thus be considered and revised for humans to engage in ethical relationships, 
where sensory intake and bodily awareness play a significant role.
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Physical education and PETE are also researched from a phenomenological 
perspective and include knowledge of the whole human bodily subject as being 
moved and moving, both by explicit intentions in education and teaching prac-
tices and by the pupils’ and teachers’ implicit histories, bodily resonances, and 
affective relationships. The direction in PETE that I consider the main point of 
an educational practice is to learn about humans as emotional bodily beings that 
live together with other people and circumstances in the world (Todes, 2001) 
and that students achieve embodied self-knowledge (Standal & Bratten, 2021). 
One argument for embodied self-knowledge in PE is concentrated upon:

re-achieving a direct and primitive contact with the world and endowing 
that contact with philosophical status. It is in the search for a philosophy 
which shall be a “rigorous science”, but it also offers an account of space, 
time, and the world as we “live” them.

(Merleau-Ponty, 1962/2005, p. vi)

Inspired by Merleau-Ponty’s approach, we can acknowledge that a person’s 
own subjective bodily experiences can count as knowledge. A subjective per-
spective means that the living and lived body, from a first-person point of view, 
could not be observed from other perspectives: “It is our very manner or way 
of being in the world and, as such, it allows us to adopt perspectives in the 
world. Thus, we ‘are’ our bodies in a fundamental sense” (Heinämaa, 2021, p. 
257). I take this as an argument to include bodily self-knowledge—which 
means discussing the role of experiential knowledge, subjective knowledge, 
embodied knowledge, and self-awareness—as a concept related to the under-
standing of PETE and PE.

Learning about ourselves in education

Basing teaching on contact with one’s own and others’ bodily states means that 
the ontological understanding of the body as a being-in-the-world comes to the 
forefront. Hanne De Jaegher (2019) claims that humans’ obsession with what is 
important in life should be better elucidated in research. She highlights a dia-
logue that inspires, a memorable meal and the opportunity to find your way 
through an unfamiliar landscape—examples that involve relationships and create 
experiences that fluctuate in terms of the body, meaning, and companionship. 
Such experiences are not measurable; they are part of the existential condition of 
living as a bodily subject in a double dialectic as both the one who sees and the 
one who is seen, the one who touches and the one who is touched. In this situ-
ation, Merleau-Ponty (1960, p. 168) wrote, “My two hands ‘coexist’ or are 
‘co-present’ because they are one single body’s hands. The other person appears 
through an extension of that co-presence”. Related to PETE, the moving sub-
ject is the self-moved mover that rests upon a positive appeal to the experienced 
unity of freedom in the spatio-temporal field and which, according to Todes 
(2001), is a field that is produced by the way the body’s specific structure both 
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constrains and enables one’s movement skills. Fuchs (2016, p. 195) claims that 
through bodily resonance, we notice and gain an intuitive understanding of the 
feelings of others and that this arises in our bodily engagement with them and 
the world (like the elephants noticing a new vibration in the soil). This is a per-
spective in which humans clearly notice each other. The body is mobilised when 
we are facing human experience, like how Fuchs and Koch (2014, p. 2) describe 
what animals do when they examine whether a tree is climbable or whether 
water is drinkable. Teachers and students experience each other by communicat-
ing and through emotions. For PE pupils, their emotions when they are “free to 
move” might be wild and full of energy: loud voices, playing with a ball, one 
pupil crying, and another telling a sad personal story. The examples illuminate 
that the experiences pupils have from being taught in PE are unpredictable and 
do not always follow formalised learning outcomes.

Teachers might find it difficult to approach such situations with sensitivity 
and clarity but could ask themselves: how could they provide space for these 
pupils and allow them to “be” in this situation?

“Letting the other be”

According to philosopher Kym Maclaren (2002), it can be challenging to 
accept “letting the other be”, as they can lead to encouraging a “passivating” 
attitude towards others, or, in other words, allowing others to go their own 
way (as if they were isolated subjects).

However, “letting the other be” is not the same as not caring. It is about 
having the sensitivity to notice, receive, listen, and be in contact with the stu-
dent as a self-moving mover. It indicates that the teacher can be with the stu-
dents without saying, “Come on, come on, don’t give up”, which is often a 
standard phrase in PE. One alternative is that teachers embrace the situation 
and inspire pupils to perform in their own way and trust their own bodily 
resources and knowledge to connect in the very moment. There is no recipe for 
this: Teachers must be creative and revolt against traditional ideas of control 
and measurement of pupils’ movements.

The other alternative is to encourage pupils to be concerned with their own 
thoughts and personal situation, and open the door for them to know them-
selves in what they learn. Maclaren (2002) writes that “letting the students 
be” is not something that happens as an intellectual achievement; it cannot be 
“conceived”. Teachers must move beyond what they are accustomed to. 
Acknowledging and practising “letting the students be” gives rise to some-
thing new in the teacher’s teaching. One example is to be bodily present and 
be together in the here and now, and letting language be bodily expressed, 
more than doing and talking in “old” concepts about assessing movements 
(Engelsrud et al., 2021). A language that includes the value of the micro-
movement, signs between people that can be noticed subconsciously, gives 
accountability to bodily resonances as drivers for action and reflection, and as 
an ethical value for future development of PE as a school subject.
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Emotions give direction and meaning: A relational attitude

Maclaren’s idea of “letting the other be” also relates to “letting oneself be” 
and expresses a fundamental way of being-in-the-world, both subjectively 
and intersubjectively. It shows that in teaching situations, students are 
exposed to the teacher’s view of them, and they are exposed to each other. 
“Letting the other be” also means feeling oneself as present and being “here” 
and feeling the “me-ness” of being here. When it comes to the bodily experi-
ence, “letting be” connects to body weight, volume, structure, senses, 
thoughts, and feelings of the body as they are from moment to moment, and 
experiencing the release of body weight towards the ground and registering 
what this does to our openness and presence in dialogue with others 
(Engelsrud & Rosberg, 2022).

Giving space to “letting the other be” becomes meaningful when teachers 
open the space for pupils to participate in each other’s lives and intersubjectiv-
ity by way of their own subjectivity, as human beings understand themselves 
and others by engaging with and taking each other in through the body. Thus, 
before a word is said, humans know quite a bit about the mood of a room and 
the quality of the contact with others in it. The fact that humans can notice and 
sense others through the body is due to our bodies belonging to a common 
world (Zahavi, 2014). Maclaren (2002, p. 188) also writes that the person 
who lets others be is aware that, for many people, it means a struggle with 
one’s own preconceptions of the other. Letting others be requires one to find 
their own free space within themselves and their relationship with others. It 
means being able to put habitual thinking about the other aside. When the 
other is perceived as annoying, this is not an objective feature of the other but 
something that occurs in the person experiencing the irritation, and others 
may have a different experience of the same person. Thus, an opinion about 
the other/a pupil cannot be generalised as unique traits of the person in ques-
tion. By teaching others, the teacher can also help pupils learn about some-
thing they would rather be. Thus, bodily emotional learning occurs between 
and within human relationships, implying that there is the power to define the 
pupil as the other.

Embodied learning through being and experiencing

No movement can be learned without relation to being-in-the-world. Being 
means that sensory intake and processing of bodily resonance are driving 
forces for performing movements in relation to others (see Figure 16.1).

Something must be felt and sensed before it becomes a performed action, 
whether it is snow under skis, rain pelting on the body, another’s nice smile, 
the squealing of tram tracks, heat in the head, or a loud whistle. Allowing time 
to be is an under-explored theme in teacher education in PE, as compared to 
being active and assessing movement skills. Hanne De Jaegher (2019, p. 1) 
comments on this tension: “Characterising knowing as a relationship of 
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letting  be, provides a nuanced way to deal with the tensions between the 
knower’s being and the being of the known, as they meet in the process of 
knowing-and-being-known.” To include the idea of “letting the other be” 
gives teachers a perspective where they can explore and reflect upon what con-
sidering this phrase might provide in using the sensations from one’s own 
body to help avoid objectifying the pupil, and by opening the spatio-temporal 
field for shared knowledge and dialogue, embodied learning can happen “by 
itself” with personal and intersubjective rhythm and harmony. Considering the 
non-conceptual bodily sensations that the elephants used to escape the tsu-
nami, humans may practice listening to bodily resonances and be guided in the 
same way. The pupil in PE might, like the animal that wonders whether the 
tree is climbable, ask if the teacher is available for contact. Bodily resonances 
can give direction to the pupil if they should withdraw from or approach the 
teacher. These impressions are never static or defined forever, but initial indi-
cations that happen at a bodily level should count as an important knowledge 
base in PE teaching.

Figure 16.1 � Girl sensing and being. Photograph by the author.
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Educational implications

PE and PETE must be based on creativity and a pedagogy that favours sensitis-
ing oneself to the practice of “letting students be” in bodily learning. Students 
learn when the teachers take an interest in listening to them (with their whole 
body) and are receptive to what is happening in pupils’ bodies in the here and 
now (Engen, 2021; Tyson, 2023). Planning and thinking about the lessons in 
advance should not take interest away from being “here and now”. It is espe-
cially important for teachers in PETE to acknowledge students as bodily experi-
encing subjects and be aware of how they interact and shape – and are shaped by 
space. Students are bodily learners who should learn about themselves and be 
valued for who they are as pupils in a formative and educational context; to learn 
about themselves by noticing the qualities of their own bodies; their spontaneity, 
or lack thereof; and their perception of their freedom to move in their own way 
are important educational aims and values. Without a clear orientation towards 
humanity, the student may start to feel alienation towards themselves, others, 
and the teaching. By highlighting that human bodily emotion and sensation is a 
basic ground for knowledge in PETE, this chapter contributes to the questions 
raised in the discussions within the book. The concepts of bodily resonances and 
letting the other be lay the theoretical groundwork for using interactive pro-
cesses as a basis for teaching in PETE. Taking such perspectives into teacher 
education is the opposite position of being a teacher who appears as a “besser-
wisser” (know-all) and teaching a pupil in ways that can break them down or 
alienate them from their own sensing, emotional, and knowing bodies. To avoid 
such an objectifying perspective, a teacher can create spaces for letting the stu-
dents be who they are, as well as being together with the students. Meaningful 
and perceived experiences of being-in-the-world as embodied subjects must 
count as the source of educational and formative processes over time.
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Introduction

In this chapter, I use a phenomenological and enactive approach to zoom in on 
embodied learning as it takes place in couple-based activities—for example, 
couple dancing and martial arts practices. These activities are characterised by 
there being a partner who, with different kinds of intentions, acts back on the 
practitioner’s movement. For example, in Argentine tango, the dancers will 
strive to interact, so they move together as if “one creature of four legs” (Ravn, 
2019), while in martial arts practices, the interaction is characterised by an 
antagonistic engagement: practitioners interact under pre-agreed rules to 
achieve control of their training partner (e.g., Ravn, 2022a). In such couple-
based activities, embodied learning takes shape and becomes defined on inter-
active premises. The activities offer a unique window for investigating, 
describing, and understanding intersubjective dimensions of embodied learn-
ing in situations where the actual practices change via interaction with others.1

Throughout the chapter, I draw on the case of practising the martial art of 
aikido to both exemplify and drive the argumentation. The aikido practices 
described are based on an auto-ethnographic work which has been presented in 
full in Ravn (2022a). I firstly indicate how we are to be aware that interactions 
take place on multiple levels simultaneously and are culturally and socially 
embedded. I introduce aikido and its codes of conduct to exemplify this point. 
Secondly, I present phenomenological descriptions of embodiment and the 
incorporation of skills. These two first sections lay the ground for using extended 
and enactive approaches to describe how embodied learning is shaped through 
interaction, and how the continuous development of skills is nursed by the par-
ticipant’s ability to move beyond controlled engagement to give into the dynam-
ics of the interaction. Finally, I emphasise how the case of aikido calls attention 
to aspects of embodied learning that will be of relevance to physical education.

Interactions are culturally and socially embedded

Analysing couple-based movement activities, one could easily come to selec-
tively focus on the pair engaged in the interaction and to partly ignore the 
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interactive aspects continually constraining and shaping the interaction. 
However, if we aim to understand how embodied learning is shaped through 
actions with other participants, we must first acknowledge that the interactive 
demands that it takes to participate in a practice and to deliberately engage in prac-
tising with a partner shape the actual interaction. That is, to participate, one will 
have to adapt to the explicit and implicit technique of the activity and to some 
degree also assimilate the social and cultural “rules” that characterise the activity. 
Interaction is, in this sense, culturally and socially embedded. In the case of aikido, 
skills are clearly defined according to specified techniques, but at the same time, it 
is quite clear that one cannot practise these techniques with a partner without also 
incorporating the specific codes of conduct characterising the apprenticeship 
learning traditions of the aikido dojo. Visible to anyone entering a dojo for the 
first time, practitioners are expected to wear a white gi (blouse and trousers), and 
if higher graded also a hakama (traditional Japanese trousers, often black), and to 
bow respectfully to one’s partner. In the following the codes of conduct, ideals, 
and implicit rules of this martial art practice are specified, along with the ways in 
which they shape the interactive engagement of the practitioners.

Aikido is a Japanese-based martial art in which the one practising an aikido 
technique (tori) aims at being in control of an attacker and does so by merging 
with the energy of the attacking partner (uke) (Kohn, 2003; Palmer, 2002) 
(see Figure 17.1). Compared to other martial arts forms, tori does not aim at 
blocking or hitting back to achieve control but to meet and blend to redirect 

Figure 17.1 � Victor Merea, Sensei in our Odense Dojo, Denmark, performing a high 
throw. Photograph by Stefan Dall.
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uke’s movement (Ravn, 2022a). As a martial art practice, aikido is unique in 
the sense that the ideal is to win the fight without harming the attacker (Kohn, 
2003). It is practised according to the apprenticeship learning of Japanese 
culture, meaning that each dojo will have a sensei—a master—who specifies 
the details of how each technique is to be carried out. At the same time, sensei 
refers to and learns from still higher graded senseis.

Codes of conduct include bowing rituals when entering the dojo and dur-
ing practising appropriate ways of addressing questions to sensei and higher 
graded practitioners, and the way one carries one’s body around in the dojo. 
Aikido skills cannot be deliberately developed without also assimilating these 
codes of conduct. Practitioners’ incorporation of these aikido ways of behav-
ing shapes their engagement in their here-and-now interaction with a partner. 
The specific aikido techniques and codes of conduct thereby productively con-
strain and enable ways to move and act. As an embedded aspect of learning, 
they present supporting or scaffolding structures for practitioners’ to move and 
engage with their partners.

Embodiment and incorporation of skills

Phenomenology has provided valuable descriptions of how our experiential 
life is fundamentally grounded in an unthematic, pre-reflective body awareness 
constituting the world as there for us. As emphasised by Dan Zahavi following 
Husserl,

[T]he body is not first given for us and subsequently used to investigate 
the world. On the contrary, the world is given to us as bodily investi-
gated, and the body is revealed to us in this exploration of the world.

(Hua 5/128, 15/287, cited in Zahavi, 2003, p. 105)

Embodiment addresses this fundamental characteristic of human existence 
and how any feeling of being is, of its essence, a bodily feeling (Merleau-Ponty, 
1962/1998). It also follows from these phenomenological descriptions that 
embodiment is an ongoing process affected by, among others, ageing pro-
cesses, cultural and social conditions, and deliberate engagements in training 
regimes and in learning new skills. Drew Leder (1990) has nicely indicated 
how the incorporation of a skill denotes the process in which a specific way of 
moving is grasped and comes to pervade one’s being in an embodied sense. 
When the skill has been incorporated, it adds to, moderates, and reshapes the 
practitioner’s potential engagement in the environment and with others. As 
Leder (1990) exemplifies, after one has learned the skill of swimming, the pool 
looks appealing and invites action in a different way. Phenomenologically 
described, the incorporated skill moderates one’s embodied being. It adds to 
the embodied register of ways in which perception-action possibilities open for 
the practitioner and changes the practitioner’s experience of “I can” (Merleau-
Ponty, 1962/1998).
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I now return to aikido to describe how the phenomenological account of 
embodiment and incorporation of skills are of use in the analysis of specific 
kinds of movement practice. I started practising aikido more than 20 years ago 
and remember quite clearly how the first years of training were focused on get-
ting the basic movement patterns of the techniques into the body. I was deeply 
focused on coordinating legs and arms the right way. In these years, my partner 
was primarily there for me so that I could focus on practising the pattern and 
logic of a given technique. Later, I was able to be aware of my centre and my 
breathing while performing the techniques. I also became more and more 
aware of the timing that would give me control over uke’s movement. Along 
with developing nuances in how I perceived and performed a technique, uke’s 
way of moving became the full focus of my attention. The embodied learning 
became still more focused on the actual interaction, and I became still more 
aware of how nuances of interaction changed with partners with their different 
skills, sizes, strengths, and energy. Any new partner potentially invited—and 
still invites—new explorations of how a specific technique can be fine-tuned. 
My aikido skills are incorporated and form a background for focusing on the 
interaction, but they are also constantly in process and developing.

After a couple of years, being accustomed to wearing the gi and the hakama, 
I recognised that the specific aikido training outfit had facilitated my posture 
and way of moving on the mat. I had developed a certain aikido feel of my 
body. This feel of my body includes a certain sense of the aikido outfit (belt, 
material, and length), but is also reflected in visible physical changes. The 
physical training and the aikido codes of conduct had interweaved with my 
way of being and carrying my body when training and developing my aikido 
skills. In other words, the processes of enculturation and socialisation charac-
terising the embedded aspect of practising aikido, not only address a structural 
relation to the environment but also affect the embodiment processes going 
on. They shape the embodied way I approach the training of a technique with 
a partner and develop my skills (see Figure 17.2).

As indicated, skills are much more than a motor-performance capacity the 
practitioner activates. Acquired skills are flexible, in process, and enacted anew 
on the condition of the actual situation. Skills are thus context sensitive and 
performed in open-ended ways (e.g., Breivik, 2016; Ravn, 2022b). For the 
beginner, aikido techniques might appear as separate and distinct skills to be 
learned, introduced as if part of a distinct repertoire of “I can”. But after the 
first beginner confusion has faded, one begins both recognising and feeling 
how each technique is interweaved with the practice, contributing to the learn-
ing and exploration of other techniques. One comes to understand the skills as 
progressive results of a process in which aspects of the practice are distilled.

Embodied learning—Extended and enactive aspects

Extended and enactive aspects of embodied learning are closely connected 
and, in a more radical way, indicate how movement not only contributes to 
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but is also part of cognitive processes supporting learning. While the embed-
ded aspect touches on a structural relation to the environment that offloads 
the demands on the practitioner, the extended aspect addresses a dynamic 
coupling that potentially transforms the ways practitioners think and act. The 
enactive aspect specifically invites focus on how we perceive things in relation 
to what we can do with them. It also invites connection to and engagement 
with enactive theory—or enactivism, which is a biologically informed philoso-
phy arguing that cognition is a fully embodied matter. That is, from an enac-
tive point of view, basic cognition is an organism’s response or coupling to an 
environment (Gallagher, 2023). To indicate how the extended and enactive 
aspects (along with enactive theory) might help us understand the embodied 
learning taking place in interaction, I return to the case of aikido to describe a 
noteworthy instance of interaction—and learning.

Figure 17.2 � I am training with a partner and showing the first phase of meeting uke’s 
attack to perform the specific aikido technique shihonage omote. Photograph 
by Victor Merea.
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After having trained aikido for more than ten years, I visited and trained 
for two weeks at the main dojo of aikido in Tokyo—the Hombu Dojo. At 
one training session, I was invited by a relatively old and very experienced 
aikido practitioner, Taka-sensei, to practise with him. I had been told that 
he had trained daily at the Hombu Dojo for more than 40 years. According 
to the codes of conduct and the apprenticeship hierarchy of aikido, to be 
invited to practise by Taka-sensei indicated an appreciation of my compe-
tences and approach to training aikido and was to be considered an honour. 
No doubt, this knowledge raised my awareness towards my partner and the 
ways he would meet and lead me in the interaction. When we started 
practising,

I immediately felt he was in control of the intensity of the interaction and 
any of my movements. He was over me with the technique nearly before 
I had raised my arm for the next attack. His movements seemed mini-
mal—small steps without stillness—while I sensed that he had full con-
trol of my centre and that he could throw me any time he would like to.

(Ravn, 2022a, p. 117)

In that moment, I was fully concentrated on the interaction and invested in 
merging with Taka-sensei’s movement. I could not help first seeing his move-
ment as relatively stiff and strangely imprecise compared to the precision, 
diagonals, and circles which I had aimed for, for years, when practising. 
However, when engaging in the interaction, his movements felt strong, con-
nected to his centre, and extremely effective. He knew exactly where my bal-
ance was while he manipulated my movements and took control of my body. 
Taka-sensei was not only ahead of my movement but seemed to be directing 
and fine-tuning the directions—or the intentionality—of my actions. He was 
both merging with the energy of my movement and ahead of the intentional-
ity of my attacks. Surprisingly, the same kind of experience was at stake when 
we changed roles, and he was to act as my uke, and I was to train in taking 
control of his movement:

I immediately sensed a thick resistance in his movement and realised that 
I had to really push (too much according to the aikido ideals) to make 
him move and that the tension in my corpus rose. He moved but he also 
let me know in the way he followed my technique that I was not the one 
in full control. There was nothing else to do but to try to find a way to 
let the tension dissolve, experiment with my sense of centre, to let the 
circles of the technique begin from my hip movement while relaxing my 
arm movements. The more I found a way to relax and breathe the better 
he moved with me. The more I let go of insisting on directions and accu-
racy and attuned to the energy of his movement the easier I felt it was to 
move his centre.

(Ravn, 2022a, pp. 117–118)
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As shown in these extracts from my field notes, the potential learning at stake 
in this situation depended on me giving in to the interaction with Taka-sensei. 
In this learning process, I moved beyond being in a controlled engagement to 
the point of not knowing exactly what was to happen in the interaction.

Hanne De Jaegher and Ezequiel Di Paolo (2007) and Thomas Fuchs 
and De Jaegher (2009) have provided in-depth enactive and phenomeno-
logical descriptions which can help us understand what is at stake in inter-
action processes. From a pedagogical point of view, we might focus on 
individuals and their learning processes, but from the enactive perspective, 
the meaningful connection between perception and movement cannot 
be described as if (only) an individual affair. Rather, in fundamental ways, 
the meaningful connections between perception and actions extend to 
include the movement of others.

As a first step in their enactive analysis, De Jaegher and Di Paolo (2007, p. 
490) define coordination as the non-accidental correlation between behaviours 
of two or more systems that are in some kind or degree of coupling. Subsequently, 
they distinguish between coordination to an object—typically a tool—and 
coordination with another subject. Coordination to addresses, for example, 
the extended characteristics of how the runner relates to and senses the ter-
rain through the running shoe and how the tennis player senses and hits the 
ball through the racket. Coordination with addresses the way the meaningful 
connection between perception-action involves another agent—for example, 
a tennis competitor or another aikido practitioner. While the coupling to 
objects—like running shoes and tennis rackets—can be considered relatively 
static, the coupling between two interactors will be in flux. Both the tennis 
racket the tennis racket and the tennis competitor present extended aspects of 
the tennis player’s embodied practice. However, the two kinds of couplings 
have different dynamics. De Jaegher and her collaborators’ central point is 
that one’s ability to coordinate with others is fundamental to social processes 
and that it works on a pre-reflective level of intentionality (De Jaegher, 2008; 
De Jaegher & Di Paolo, 2007; Fuchs & De Jaegher, 2009). In other words, 
the way one is aware of and directed at something and the way one’s move-
ment is directed and accentuated are shaped by the interaction one is part of 
in ways that work beyond conscious awareness.

Fuchs and De Jaegher (2009) continue to contribute a more detailed 
description of how, in coordination with, the process of interaction is driven 
forward in a continuous fluctuation between being synchronised, de-
synchronised, and in-between states. In moments of synchronisation, the 
dynamic of the interaction becomes the source of the participants’ 
intentionality—or direction—of their movements (Fuchs & De Jaegher, 
2009). In moments of synchronisation, the very dynamic of the interaction 
shapes the way practitioners move, and practitioners involved will typically 
experience that everything “just seems to work”. As a tango dancer explained, 
in such moments, it feels as if the dance dances him, and, at the same time, as 
he added, he realises it is still him dancing this dance (Ravn, 2019).
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Let me return to the training session with Taka-sensei and remind the 
reader that when performing the aikido technique, tori strives to harmonise to 
be slightly ahead of uke’s movement, and uke strives to both be with and give 
in to the interaction so that tori can take charge. To do so, while training with 
Taka-sensei, I had to be skilful enough to enact the basics of the techniques 
“by reflex”, so to say. This formed a ground for me being able to merge with 
his movement, to give in to the interaction while Taka-sensei harmonised to 
be ahead of my movement—ahead of my intentionality and thereby the way 
my movement finds direction. The way we enacted the techniques together 
took shape on condition of the dynamic of the interaction, exemplifying coor-
dination with and incidents of synchronisation in the practice of aikido. The 
movement patterns of our moving bodies were both influenced on and by the 
life of the interaction in the here and now. Taka-sensei was ahead of my move-
ment in a way that included pre-reflective levels of my intentionality, and he 
was on top of the dynamic of our interaction, both when taking the role as tori 
and uke; I moved beyond controlled engagement to thereby learn by being led 
through the dynamic of the interaction with Taka-sensei.

Implications for physical education

I have used the case of aikido to indicate the ways in which embodied learning 
in movement practices involves embedded, embodied, enacted, and extended 
aspects. While each section of the chapter has focused on a specific aspect of 
these four Es, it has been central to also indicate how these conceptual speci-
fications present distinctions that overlap in the actual analysis of embodied 
learning in a specific movement practice.

It might be trivial to emphasise the social and cultural embeddedness of any 
learning process. However, I find it is important to recognise that the embed-
ded aspect is intrinsically relevant to understanding how embodied changes 
take place. In other words, the social and cultural embeddedness should not be 
reduced to secondary layers or conditions of the activities taking place. I have 
thereby presented an embedded and embodied approach that resonates with 
current research on collaborative aspects of embodied learning, emphasising 
that the ongoing process of incorporating field-specific skills is, in a fundamen-
tal sense, to be considered an intersubjective affair (e.g., Bicknell & Sutton, 
2022; Breivik, 2016; Ravn, 2022b).

In pedagogically oriented analyses of physical education, the term “embodi-
ment” tends to be used to emphasise a heightened awareness of and sensitivity 
to processes of the student’s own body moving (Ravn, 2022b). With good 
reasons, analyses aim at nuancing and developing the way embodied learning 
in physical education can be approached and described beyond the performance-
oriented paradigm of sports activities (e.g., Aartun et al., 2020). However, 
using the concept of embodiment to emphasise the value of selectively focus-
ing on the individual student’s experience downplays the embedded, extended, 
and enactive aspects of embodied learning. The 4E approach to embodied 
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learning, as presented in this chapter, takes intersubjective and environmental 
dimensions of human existence as fundamental to the embodiment processes 
going on: any deliberate development of “I can” is a world-involving process. 
Not all activities involve partner work, but all activities do involve some kinds 
of environmental structures and interactive collaboration. These will affect and 
shape the embodied learning taking place.

Partner-based activities can specifically highlight how intersubjective aspects 
of activities are both visible and grounded in the dynamical coordination tak-
ing place and how the dynamic of interaction cannot be fully accounted for by 
describing patterns of actions versus reactions. Rather, we should pay atten-
tion to the interaction of activities as also having a life of its own and that the 
dynamic of this “life” potentially shapes and transforms students’ movements 
and their embodied experience of these movements. To deliberately engage in 
this aspect of interaction, the participants must move beyond controlled 
engagement—potentially to the point of not knowing (Gallagher, 2023). Or, 
to put it another way, they must find ways to engage in the process of being 
danced by the dance, moved by the aikido partner, or played by the game. 
I hope the analysis and arguments presented in this chapter encourage teach-
ers in physical education to engage in developing pedagogical approaches that 
invite students to become aware of how they can give in to interaction with a 
partner—to be moved through the dynamic—as such phases can be of high 
importance to develop skills and competences. Embodied learning in partner-
based activities develops not only because of but through the other.

Note
	 1	 The phenomenological and enactive approach presented in this chapter is closely 

aligned with a strong approach to embodied cognition (Strong EC) (Ruchinska & 
Ravn, in press). A Strong EC approach proposes that cognition is rooted in motoric 
processes and that movement and body-environment coupling are active parts of 
cognitive processing. In contrast, using a Weak EC approach, cognitive processing 
is understood as essentially internal and representational. In Weak EC, the body 
might inform cognition, but it is not considered part of the process of thinking 
(Gallagher, 2023).
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Having explored the authors’ 4E(+) perspectives on learning through exam-
ples from the classroom and beyond, we can now reflect on what this means 
for teachers and teacher students more concretely. What are the implications 
for theory and practice that emerge? At first, this might be somewhat diffuse, 
as there are no straightforward action plans drawn out, no tables or clear 
instructions to paste on the classroom wall. Instead, the learning possible 
through this book still needs to be processed by you, the reader.

When you think about your own practice—how you prepare the students 
and the learning materials for your subject(s)—do you already involve aspects 
of the students’ embodied learning experiences? Do your students have a pos-
sibility to engage with learning materials in a multimodal way; are they able to 
connect to the context of the subject matter; are they able to approach matters 
through active engagements and interactions? Now consider, are there ways in 
your practice that could improve the situatedness (Brown et al., 1989) of the 
students and consider their embodied participation more concretely—for 
example, through exercises that involve whole-body participation or through 
tangible means for scaffolding learning, such as using material extensions and 
building blocks?

In this book, we have shown how language learning, reading, and writing 
are abilities grounded in active and situated participation in and through the 
social and material world. The very notion of language is body-based (Chapter 
2, Kokkola), and words and concepts may be traced back to human-
environment interactions and spatio-temporal experiences such as “moving 
forward” as a way of expressing futures or being “down” as a way of expressing 
sadness. Words and concepts are our direct channels for meaning-making and 
communication, and thus also our ways of expressing emotions, to the point 
that words are even felt in our bodies (Lakoff & Johnson, 1980; Chapter 2, 
Kokkola). Such metaphors reveal that abstract ideas are deeply grounded in 
our experiences of the world through the senses.

Through language, we also embody cultures and ways of thinking about 
ourselves and others. Therefore, acknowledging the embodied nature of lan-
guage learning is important both in native language education and in learning 
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a new language. Studies of how languages emerged and how children learn 
languages emphasise the role of the whole body in meaning-making through 
language; separating words and grammatical forms from their embedded, 
enacted contexts lowers children’s chances of making sense of them (Chapter 2, 
Kokkola). As even abstract language is grounded in the body, using gestures 
that draw on these connections helps children learn more efficiently.

Language learning does not just mean learning a new language or the com-
mand of grammar and vocabulary but also includes the process of developing, 
elaborating, and refining language as a personal means of expression 
(Chapter 4, von Bonsdorff & Marjomäki). Speaking a language is a way of 
being in the world, and bodily gestures play a fundamental role in this. When 
pupils experience difficulty in language acquisition or speaking, this experience 
may be daunting and affect the pupil’s identity in a negative way. Holistic and 
engaging forms of education are important to boost children struggling with 
their language production, helping them find alternative ways of expression. 
Aesthetically supported, playful, and expressive modes of education may 
prompt spontaneous and self-motivated agency in pupils. Letting them per-
form as experts and narrators utilising gestures and images may help strengthen 
their linguistic competencies and self-esteem (Chapter 4, von Bonsdorff & 
Marjomäki).

Contrary to what is commonly thought, reading is not the mere internalisa-
tion and processing of text that we might have come to think of it as. In this 
book, we have shown that reading is a highly embodied, multisensory, mate-
rial, and situated interaction between the reader and the sociocultural and 
material content of the read text that draws on previously experienced bodily 
interactions in our own lives and extends beyond into the imaginary (Chapter 5, 
Bro Trasmundi & Mangen). The materiality of reading and forms of writing 
also has consequences for how the learner experiences and remembers the 
content (Chapter 6, Korte & Körkkö). Reading is always intimately connected 
with, and shaped by, the technologies we use when we read (Chapter 5, Bro 
Trasmundi & Mangen).

The physical and psychological conditions of the reading environment are 
equally important for the possibility of engaging in deep and concentrated 
long-form reading experiences. For this to be realised in a school environ-
ment, it is necessary for teachers to consider both the embodiment and embed-
dedness of the reading situation—including the environmental framework, 
social interaction in the class, the teacher’s behaviour, and, ideally, the indi-
vidual pupil’s reader identity and reader history (Chapter 7, Hauer). A calm, 
comfortable, and clearly defined reading environment, with a supportive 
teacher, offers pupils the best possibilities to concentrate and absorb them-
selves in the text and creates the best conditions for focused deep reading, as 
well as a pleasant reading experience (Chapter 7, Hauer).

This means becoming aware of possibly “hidden” or unidentified aspects in 
the classroom environment that either hinder or facilitate the reading experi-
ence. Often, the expectation of reading is laden with many restrictive 
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conventions, such as that reading should only happen in complete silence and 
without moving one’s body or interacting with the content through reading 
aloud or by fiddling with the material aspects of the reading substrate 
(Chapter 8, Toro & Bro Trasmundi). When students are asked to read aloud, 
teachers might emphasise the importance of speed, flow, and accuracy over 
other aspects, such as interpretation or imagination. For students, this can be 
counteractive, and if the teachers show through their unappreciative bodily 
communication and (even unconscious) microaggressions that the student’s 
behaviour is wrong, it might further lead to deterring students from wanting 
to read, even in their free time (Chapter 8, Toro & Bro Trasmundi). An 
embodied model of reading that allows open-ended processes of bodily 
engagement—such as creativity, imagination, and critical thinking—along 
with breaks, sounds, and movements might relax attitudes towards reading, 
hopefully thus engaging more young readers.

There are ways to engage with literature that considers the embodied 
aspects (Wilson, 2002)—for example, reading aloud is particularly well-suited 
to introduce preschoolers to the syntactic and semantic dimensions of lan-
guage, the tactile materiality of books, and the imaginary worlds of narratives 
(Chapter 3, Schilhab et al.). The embodied cognition approach indicates that 
competent language use in conversations and reading emerges from first-
person experiences with previously lived situations. Thus, when children learn 
to read, their experiences when reading or listening to reading become impor-
tant both as part of the physicality of the reading experience and as part of 
attributing meaning to the text.

By arranging reading-aloud sessions as multisensory and social events that 
invite children to voluntarily participate, the early childhood teacher may lay 
the ground for positive experiences and a continued interest in engaging with 
reading activities. Additionally, such shared reading experiences have signifi-
cant importance for the development of reading comprehension and vocabu-
lary as books present a wider vocabulary than experienced in ordinary 
conversations (Chapter 3, Schilhab et al.). Of particular importance, reading 
aloud helps children train those imagination processes so important to reading 
comprehension and convergent and divergent thinking processes.

As the materiality and new affordances of reading and writing are pro-
foundly changed by digitalisation, it is important to acknowledge the effects 
this has on the embodied experience of engaging with literature and express-
ing oneself through written media. As the change in material affordances also 
changes the interaction with text, it is important to be aware and make 
informed choices when choosing reading and writing media—it should not 
always be assumed that digital tools are qualitatively better or more efficient 
(Chapter 6, Korte & Körkkö).

Optimally preparing coming generations for various technologies and their 
affordances requires an improved understanding of how to enable and constrain 
reading and writing practices towards different outcomes (Chapter 5, Trasmundi 
& Bro Mangen). At the same time, it is equally important to continue 
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teaching learners to write by hand so they can develop various motoric and 
visuospatial skills. While writing by hand is seen to elicit a more embodied 
approach to producing text that supports a more material engagement and 
leads to better memory of the content, this needs to be balanced with the neces-
sary digital skills that align with contemporary demands in society (Chapter 6, 
Korte & Körkkö). A variation of writing methods will strengthen the different 
stimulative embodied cognitive processes that learners must adopt to effectively 
use different writing substrates and their affordances. Learners must be sup-
ported from early on to develop balanced handwriting and typing skills so that 
they can play an active role in our digital world (Chapter 6, Korte & Körkkö).

When it comes to creative practices, such as arts and crafts, this book lifts 
the importance of learning by doing and making (Chapter 9, Groth & 
Gulliksen; Chapter 11, Groth) and material engagement (Malafouris, 2018). 
Also, this field is undergoing a shift in materiality that affects the way students 
and practitioners engage with materials and tools (Chapter 10, Søyland). 
Affordances of analogue and concrete materials are fundamentally different to 
the immaterial and digital tools and hybrid making that are introduced into 
the arts and crafts classrooms. While there is no doubt that digital technolo-
gies provide other potentials for making—some which surpass traditional 
means by far—there is a concern that this also brings challenges related to 
embodiment.

Central to arts and crafts education is that it offers unique possibilities to 
establish a dialogue with materials and connect with the physical world through 
engaging with it (Chapter 9, Groth & Gulliksen; Chapter 10, Søyland). In 
such a process, materials challenge us and provide different types of resistance 
or opportunities as we explore and interact with them. Additionally, craft prac-
tices offer arenas for safe failing and recovery—a process that builds resilience 
and endurance and the capacity to wait for rewards (Chapter 9, Groth & 
Gulliksen). A shift from physical real-world experiences like whole-body draw-
ing to extensive use of digital technologies entails a shift in the learners’ spatio-
temporal relation with materiality. Analogue and especially whole-body 
drawing, for example, involves risk-taking and a real-world experience that 
digital drawing cannot offer. Teachers are encouraged to let pupils express 
themselves in varied ways and work in diverse types of formats and environ-
ments. Engaging pupils in, for example, large-scale drawing outside on a 
windy day or lying on the paper while drawing with charcoal, even in the dark, 
highlights the experience of thinking through drawing and connecting with 
the environment (Chapter 10, Søyland).

By externalising ideas into visual and 3D representations, students can 
extend their learning and thinking processes into the environment and make 
them concrete. In creative practices, the materiality of a situation can act as an 
epistemic medium, meaning that learning happens in the act of experimenting 
and reflecting through material means (Chapter 9, Groth & Gulliksen). The 
artefact progresses the enquiry but also visualises the process and the results of 
it. In this sense-making process, the hands often form the point of interaction 
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between person and material, as if thinking through the hands and the mate-
rial (Chapter 9, Groth & Gulliksen). Additionally, by concretising conceptual 
ideas in matter and using materials as scaffolding tools in complicated systems, 
the learner can off-load cognitive tasks to the environment, as well as collabo-
rate with others on the same tasks. Arts and crafts thus work as a premise sup-
plier for other school subjects in which learners may test and engage with 
content knowledge in multimodal embodied ways. Artefacts that are formed 
as a result of longitudinal and personal processes of engagement may become 
very important for the learner or maker, as they carry and embody the process 
of engagement (Chapter 9, Groth & Gulliksen; Chapter 10, Søyland).

In craft learning traditions, such formative learning experiences extend into 
the socio-material learning context, involving learners in a community of prac-
tice (Lave & Wenger, 1991). In these conditions, the learner is culturised to 
embody not only manual skills but also habitual and gestural patterns and 
movements that are shared by practitioners in the same community, making a 
deep imprint on the learner’s understanding of self and identity. Such cultura-
tion of the learner is not relevant in today’s educational system, where learners 
are not aiming to be professionals in one area but rather interdisciplinary 
renaissance knowers of a large repertoire of subjects. However, apprentice 
learning may be utilised in more embodied explorations of a subject matter—
for example, by contextualising a situation (Chapter 11, Groth). While visiting 
real studios and experiencing practices and materials in their right contexts 
would be preferable, using external resources to bring the experts to the stu-
dents in an audio-visual form may help convey the context and situatedness of 
the practice. Carefully selected or created videos bring the world into the class-
room and give a multimodal dimension to the practice under study (Chapter 11, 
Groth).

In sports, the role of the body and the more tacit forms of knowing in action 
are inevitable; here, thinking through action is at its most evident form. 
However, thinking consciously about how to make a certain action can distract 
from performing the task at hand, as the whole-body performance is building 
on muscle memory drilled through countless repetitions that have become 
automatic and implicit. Such drilling of the body to perform seamlessly and 
perfectly to achieve goals set by someone other than the performer has been 
the norm in many sports and physical education. However, such “pain for gain” 
thinking objectifies students for the purpose of curricular and political goals 
and might distance students from their sensitivity to their own bodies and the 
resonance between themselves and their environments (Chapter 16, Engelsrud). 
By attending to the psychophysical nature and sensitivity of a student, we can 
align better with the whole person and their needs and abilities in a more posi-
tive and compassionate manner, one that might advance the student’s relation 
with their body and its capacities (Chapter 16, Engelsrud).

When engaging in activities that are performed while interacting with oth-
ers, more than only one’s own intentions must be considered. Dancing in pairs 
or acting and reacting in a dual constellation, such as in martial arts, one’s own 
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actions must be dynamically performed at a high level of speed and preci-
sion—also involving bodily interpretations and improvised counter actions 
based on what the partner is doing. In such a “dance” of mutual interaction, 
there is no time to consciously think; instead, what happens is a simultaneous 
bodily reflection in and through action—the ultimate example of embodied 
cognition (Chapter 17, Ravn). Not only are we moved and affected by the 
partner in our interaction, but the event also has a life of its own, and the 
dynamic of the event as a whole “potentially shapes and transforms” pupils’ 
movements and their embodied experience of these movements: the situation 
moves beyond control and potentially to the point of not knowing. In such 
situations, students may find themselves being danced by the dance, moved by 
their martial arts partner, or played by the game—a truly embodied interaction 
with the situation and the environment (Chapter 17, Ravn).

In music classes, static and preconceived styles of teaching that overrule the 
student’s intentions and sensitive connection with the music and environment 
may be detected. In such teaching traditions, the primary concern is to teach 
musical notation, and formal music training is focused on learning to play pre-
composed scores on standardised instruments. Such an approach has led to 
thinking about music as a “thing” rather than an active and interactional pro-
cess. By thinking of music-making as an activity, or as “musicking”, teachers 
may invite pupils to engage with sounds and instruments in an enactive man-
ner. When musicking, students not only interact with the instrument but also 
with the sounds it makes—a merging of the student’s actions and interactions 
with the instrument that results in an audible environmental artefact. Listening 
to music is an embodied activity, exploiting the multimodal capacities of our 
whole bodies in taking music in and letting it move us both bodily and emo-
tionally (Chapter 15, Jensenius).

New music performance technologies challenge traditional teaching set-
tings in music. For example, laptop musicians often perform with software that 
works in both real-time and non-real-time modes, and for them, composing 
may also include building the instrument, further blurring the boundary 
between instrument maker and composer (Chapter 15, Jensenius). Some art-
ists even release apps with multitrack versions of their songs that users can 
modify at will. This opens for more “active listening”, in which the perceiver 
becomes a performer and participant as they actively engage with the musical 
material. Such new music technologies are not yet “classroom ready”; how-
ever, they carry much potential for thinking about music learning as an active 
engagement. Creating new music, even new instruments or ways of exploring 
sounds instead of learning ready-made chords, moves music education towards 
an embodied practice of musicking (Chapter 15, Jensenius).

Children’s relationships to their natural environment have changed over 
time, from frequent and largely independent roaming in forests, green envi-
ronments, and urban undeveloped lots to mainly indoor activities and con-
trolled visits in nature designed by adults. Similarly, children more often learn 
about the natural environment in a classroom, while there are significantly 
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more experiential and embodied learning opportunities available when lessons 
are designed as situated and contextualised—for example, in a forest (Kiefer & 
Trumpp, 2012). There is an emerging field of nature-based learning approaches 
that encourage situated educational practices. While technologies can be partly 
blamed for the shift away from nature, technology may be used as a tool to 
enhance rather than diminish children’s connections with nature (Chapter 13, 
Esbensen et al.).

Smartphones are a promising technology in the field of outdoor education: 
the use of nature apps, internet access, and the ability to have a camera, note-
book, and audio recorder at hand can enable new child-led connections with 
nature, stimulating curiosity about the natural environment. Through engag-
ing educational apps with built-in game-like motivation, pupils can earn badges 
as they identify and document different natural species. Teachers may thus 
place greater focus on the benefits of situated and embodied learning through 
the use of smartphones to teach pupils to be active and curious knowledge 
seekers through technology and science subjects that take place in nature 
(Chapter 13, Esbensen et al.).

Research on outdoor schooling suggests that natural environments stimu-
late perceptual processes critical to basic science learning. Scientific reasoning 
relies on sensorial and attentive empirical observations, hypothesis testing, and 
theoretical assumptions explored in experiments. In outdoor science explora-
tions, perceptual and bodily interactions are embedded in the natural environ-
ments that are being studied. Equally, experiencing artworks may engage 
pupils in sensory experiences and reflection, offering alternative ways for 
engaging with natural and science-based phenomena (Chapter 14, Schilhab). 
By combining scientific exploration with aesthetic experiences, content knowl-
edge may be opened in new ways. In a scientifically oriented art exhibition, a 
pupil may take their time to attend to and perceptually dwell on tangible phe-
nomena and installations. Opportunities to engage in creative practices also 
offer means to process and embody the studied topic in new ways that give 
meaning on a perceptual level (Chapter 14, Schilhab).

Digital tools are here to stay, and the digitalisation of all aspects of society 
also means the integration of digital technologies in education. Not only is this 
affecting teachers’ pedagogical approaches, but they also shape them. At the 
same time, as teachers struggle to keep up with technological advances and 
new tools, there is a need to prepare learners for tomorrow’s technology-rich 
society (Chapter 12, Korte & Körkkö). In this context, it is important to take 
control of the tools and make them purposeful and relevant rather than using 
them blindly or for the sake of the imagined progression they are connected 
with. There is a need for embodied digital pedagogical practices that respect 
learners’ emotions and have a holistic perspective on learning—and that are 
experienced as meaningful by both teachers and pupils (Chapter 12, Korte & 
Körkkö). Technology-enhanced, embodied learning environments and educa-
tional technology involving embodied learning designs derived from the 4E 
embodied cognition framework are being developed but still need 
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pedagogical infrastructures to be meaningful. This book introduces such a 
technology-enhanced embodied pedagogy while providing a reference for 
practitioners who seek to design technology-mediated learning experiences 
that link movement and learning objectives (Chapter 12, Korte & Körkkö). 
The teacher can still take advantage of the embodied learning approach with 
non-digital media or even without any media at all, as the world is inherently 
physical and full of potential for embodied interaction.

Theoretical subjects such as mathematics or sciences might at first seem like 
subjects that are less “embodied”, using more intellect than body-based practi-
cal subjects, such as sports or arts and crafts. However, such division into the 
theoretical and practical subjects only reiterates already rejected dichotomies, 
such as body and mind. In fact, subjects that are thought of as more theoreti-
cal, abstract, or conceptual are also grounded in human-environment coupling 
and sense-making. By taking an embodied perspective in education, we may 
build on this understanding and utilise the afforded benefits. After all, these 
are not new phenomena—for example, mathematical computations have long 
been aided by externalising the task to beads, fingers, or numbers drawn on 
paper. Through this anthology, we would like to once and for all move on 
from thinking of some subjects as more important or relevant due to their 
relation to what is called intellectual subjects. Our message is that all learning 
is embodied in nature, whatever the subject matter.

Inspiration for your own practice

We have only covered parts of what an embodied cognition approach offers 
teaching. And maybe you have already anticipated or even trialled your inter-
pretations of embodied teaching techniques in your own practice. If you are 
teaching physical education or an aesthetic discipline like music or visual arts, 
the leap to an embodied perspective is probably not far. On the other hand, if 
you are uncertain about where to begin because you are teaching disciplines 
that mainly take place in the classroom, paying attention to how to operation-
alise 4E(+) in your particular circumstance may be both revelatory and encour-
aging. We suggest that you begin by following the checklist below and take 
the time you need to carefully consider our guiding questions. This list is not 
meant to be complete; however, it provides a starting point from which you 
can develop your practice of embodied teaching.

Embodied cognition entails acknowledging that learning should literally 
make sense to the learner. This may come from engaging the learner in whole-
body enactive activities involving sensory-motor activities which are known to 
promote well-being and motivation for learning. Whole-body activities inher-
ently call upon learners to be alert and present in the moment by prioritising 
the perceptual element of the learning situation. An activity can stimulate all 
senses when pupils are allowed to move about in a natural environment rich in 
sounds, colours, and odours; shifts in ambient temperature, moisture, and 
light intensity; and typically also with uneven terrains. Natural environments 
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are also ripe with other organisms whose activities and daily life cycles often 
tacitly endorse the perceptual processing in the learner. Just think of how 
chirps from nearby birds, the swirling of insects, and the gentle stirring of 
leaves and grass by a passing breeze embrace us in a vibe of life even when we 
are not really paying attention to it.

Ask yourself whether the teaching you are about to do could actually take 
place outdoors, where your pupils could move about to investigate the envi-
ronment, sharpen their perceptual acuity, or solve questions. How would you 
ascertain that the pupils engage in whole-body activities and that their stay in 
the multifaceted environment benefitted their perceptual and enactive minds?

A learning situation can similarly draw on aspects of the sensory-motor 
activity when pupils are requested to draw, dance or process their impression 
using, e.g., clay modelling, musicking, or cutting out cardboard shapes. 
Prioritising particular senses is just one significant asset when using aesthetic 
work as a didactic tool. Another is the unique turning of an impression into an 
expression for the learner. Here, sense-making is translated into material being, 
which helps the learner to mentally engage with, explicitly reflect upon, and 
thus increase the chances of retaining and later remembering what was learned.

Stimulating embodied cognition through aesthetic activities also fosters 
important introspection, preparing the pupil to get in touch with their own 
sensations, sentiments, and experiences of values, as well as their sense of 
responsibility for the creation and ownership of their learning. When trans-
forming their feelings and values into something shared, these feelings become 
visible and tangible. In other words, the innermost comes into a recognisable 
existence that can be related to in novel ways.

Ask yourself if the learning situation you create would benefit from more 
silent contemplation accompanied by creative, reflective moments where 
pupils could draw on their own associations and inner values and feelings, 
which could later be shared with, e.g., classmates and family. Would the cre-
ative process and the actual end results aid in achieving the goals you have set 
forth for the lesson?

The setting where learning is occurring can be changed by incorporating 
spaces outside of school, such as the local area or a nearby street. Manipulating 
the learning space can also happen by visiting places like local businesses and 
science and cultural centres.

However, manipulating embeddedness does not have to be overly demand-
ing. Try, for example, to do some teaching in a large shared space within the 
school, where pupils can organise their learning bodies in new ways and vary 
their postures or use music, light, or odours to accompany the teaching.

When teaching language, history, or physics, you could highlight themes 
and associations by wearing relevant clothes and maybe even ask your pupils to 
imagine what to wear or bring items of relevance to the subject. You could also 
involve them in role-playing, where they practice imagining the lives of histori-
cal or narrated persons. Consider how learning about gravity would take on an 
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emotional dimension if pupils were to reenact Newton’s experience of a fallen 
apple together with laboratory work.

When you manipulate the learning environment by involving certain 
objects and artefacts, you are also extending the learning mind. You can use 
materials in the surroundings to reinforce particular mental states when they 
act as referents, e.g., in language learning. However, you can also use objects 
to fortify learning situations by providing concrete context for the learning. 
Objects are formidable as vehicles for associations and indispensable as a com-
mon third by which we can synchronise our shared understanding when using, 
e.g., graphics, globes, and various instruments.

Ask yourself whether the topic you are teaching may seem fairly intangible 
and would benefit from material anchors (Hutchins, 2005) that could simul-
taneously concretise and align your pupils’ attention. Also, ask yourself whether 
you have offered sufficient connections between what the pupils embody and 
what they are supposed to explicitly understand or whether the learning would 
benefit from the many associations and inspirations that may occur when your 
pupils are exposed to concrete instantiations of theoretical content.

Obviously, changing a more traditional and sedentary learning environ-
ment to support an embodied activity is not trivial. The switch depends on 
much more than imagining new ways of teaching. Time, economy, and specific 
school cultures may hinder changes to your teaching techniques. Also, school 
administrators, parents, colleagues, and even your pupils may challenge the 
feasibility of implementing teaching inspired by the embodied cognition 
approach. It is highly conceivable that pupils of a certain age need to learn 
what you aim for by these radical changes in order to understand what is 
expected of them and how they should behave when learning regimes are no 
longer restricted to sitting passively at a desk in the classroom. As with all edu-
cational approaches, the dynamics and logic of the working processes need to 
be adopted by the pupils to work effectively.

However, even minor changes—like wearing clothes inspired by historical 
sites and ages, having pupils draw and express what they experience, or engag-
ing pupils in role-playing activities to simulate and reflect on life worlds that 
are different from their own—can make a wonderful impact. Hopefully, the 
occasional successful implementation of embodied approaches prepares the 
education system for more pervasive changes in due course.
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