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This study examines how integrating perceptual, sensorimotor, and reflective processes supports the learning of
enactive cognition theory, demonstrating how student-teachers develop competencies for engaging with theory
through lived, embodied experiences. We employed between-methods data triangulation, combining the PRISMA
method, microgenetic, and thematic analysis of video and text data, revealing students’ experiences. Findings
describe how concepts of enactive theory become part of student-teachers’ bodily experiences and reveal that

reflective awareness of these bodily connections coupled with shared dialogue is pivotal for deep learning. This
study’s approach is a compelling demonstration of how enactive cognition can be operationalized in educational

practice.

1. Introduction

In the past decade, advancements in cognitive sciences, particularly
under the research program known as 4E cognition — Embodied,
Embedded, Enactive, and Extended cognition (see Newen et al., 2018),
have renewed and expanded experiential learning theories (Francesconi,
2023). Theories and empirical research within the 4E framework sug-
gest that human cognitive processes, such as reasoning and making
sense of the world, are deeply rooted in our perceptual systems and
bodily movement during interaction with the environment (Shapiro,
2011). Our bodies, and the ways they engage with the world around us,
significantly shape what and how we think. Recognising that cognition
is not confined to the brain but depends on extracranial bodily processes,
4E approaches departures from traditional computational and repre-
sentational models of cognition, which have long dominated learning
theories. Within the 4E framework, variations arise in how bodily pro-
cesses are understood to influence cognition and in what is considered
part of these interactions—whether limited to body-brain dynamics or
extended to body-brain-environment relationships (Newen et al., 2018).

Briefly, while the Embodied approach emphasises the role of body-
brain connections, the Embedded and Extended approaches propose
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that cognition is distributed across the environment (e.g., other people,
objects, technology, etc), being either partially dependent on or partially
constituted by extracorporeal processes. Enactive approach goes further,
suggesting that cognition is not only shaped by these external processes
between brain-body-environment connections but that action within the
environment is the central mechanism underlying cognition. The way
individuals engage with materials or other beings in specific contexts
affords particular sense-making.

These evolving perspectives in 4E cognition offer new insights into
the body’s role in complex reasoning during learning, with important
implications for pedagogical practices (Castro-Alonso et al., 2024;
Schilhab & Groth, 2024). Embodied learning is identified when the
design of the pedagogical practice intentionally considers the alignment
of students’ perceptual and sensorimotor systems and reflective pro-
cesses' in the learning (Bergen & Feldman, 2007). Following this notion,
a robust body of empirical work has demonstrated the relevance of
embodied practices in education (for a review, see Jusslin et al., 2022),
justifying the epistemological convergence of embodied cognition and
educational sciences (Agostini & Francesconi, 2021). This includes
integrating theoretical developments on embodied cognition into
teacher education curricula, both as content (i.e., presenting theoretical
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models that explain learning processes from an embodied perspective)
and as a pedagogical approach (i.e., pedagogies that promote embodied
learning), and developing methods for assessing the construction of
embodied knowledge.

While there is a continuous interest in embodied learning ap-
proaches, student-teachers are not necessarily exposed to such
embodied practices or encouraged to learn about theories that address
embodiment in cognitive processes during their education and training.
Current literature indicates that, firstly, most research on embodiment
in learning is conducted in school contexts, targeting children and ad-
olescents, and focusing on explicating correlations between movement
(e.g., teachers’ or students’ gesturing) and learning (Hegna and @rbek,
2021; Jusslin et al., 2022). Thus, the focus of most the studies is on
teachers” embodiment as ‘what teachers do and say’ and how it affects
students’ learning outcomes (Goldin-Meadow et al., 2009; Gillies &
Rafter, 2020; Congdon et al., 2017; Mitchell & Reid, 2017; Wakefield &
Goldin-Meadow, 2021). Less is known about embodied practices from
students’ perspectives, particularly, how embodied learning experiences
promote conceptual and theoretical learning. Secondly, embodied
learning is more commonly practised among adult learners in theatre,
dance, and outdoor activities (Lawrence, 2012). Reports on embodied
learning experiences in traditional classroom environments (e.g., lec-
tures or group activities) that are not focused on teachers’ or students’
gesturing are scarce.

Hence, considering these gaps, the present study aimed to investigate
embodied learning in teacher education, focusing on student-teachers’
learning experiences through awareness of their perceptions, sensations,
feelings, and bodily engagements. Particularly, we were interested in
identifying the connections between student-teachers’ experiences and
the sense-making of the theory as an intertwined process. For this, we
examined the learning processes created in the course ‘Embodying Ed-
ucation for the Twenty-first-century Teacher’.> While presenting the
theoretical frameworks on embodied cognition, the course also imple-
mented an embodied learning approach (described further in the paper).
We aimed to explore how student-teachers come to understand concepts
central to enactive cognition theory (one of 4E approaches), as applied
to education, by experiencing these concepts through embodied
learning practices. To guide our study, we posed the following two
research questions: (1) How do embodied learning practices in teacher
education influence student-teachers’ understanding of enactive
approach to cognitive theory? and (2) Which perceptual, sensorimotor,
and reflective processes do student-teachers engage in during embodied
learning practices?

2. Theoretical background

2.1. Understanding concept learning in higher education: from cognitivist
to embodied perspectives

Concepts, as elementary units of reason and linguistic meaning
(Gallese & Lakoff, 2005), are foundational in human cognition. They
allow the categorisation of entities and facts that organise our experi-
ences, enabling us to understand what we perceive and think (Bruner
et al., 1956; Murphy, 2002). Furthermore, our ability to conceptualise
forms two-dimensional and dialectical processes, entailing summarising
(i.e., grouping things by their similarities) and expanding (i.e., associ-
ating new and unknown entities with categories that are already familiar
to us) the world, which is crucial for our practical engagements with
others and the environment. Concepts are, thus, central to the devel-
opment of memory, self-regulation, action planning, and various forms
of communication, which are critical skills in human life (Oakes, 2008;
Oakes & Rakison, 2003; Shanks, 2015). When we refer to concept
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learning, we discuss how humans develop and utilise this ability to
understand the world, which can be categorised, generalised, and
applied to different situations. A constellation of concepts can create a
theory of how the world works.

Theoretical accounts on the mechanisms (i.e., how cognitive pro-
cesses emerge, operate, and are explained) of concept learning vary. The
mainstream (cognitivist) models explaining concept learning rely
mainly on the understanding that concepts are attributes of words (for a
review, see Shanks, 2015) and are traditionally described as mental
representations (Margolis & Laurence, 2007) bound by language
development and use (Jackendoff, 1992). These models are grounded in
a computational notion of cognition, where cognitive processes function
like computer processes; situated in the brain and bounded by the mind
(Pylyshyn, 1986). They explain the neurological activations of cortical
regions in the brain responsible for emotions, feelings, and sensory ex-
periences as a likely side effect of conceptual processing during con-
ceptual thinking, emphasising the representational essence of concept
learning (Dove, 2023). This computational perspective raises some
criticism regarding the effectiveness of experiential learning practices in
higher education, challenging how we can identify the experiential
components of learning (Barnes, 2017; Cox, 2010; Nistor & Samar-
asinghe, 2019). From this perspective, concept learning (and, broadly,
theoretical understanding) is assessed by observing and measuring stu-
dents’ ability to reproduce conceptual meaning. This includes qualita-
tive and quantitative examinations of concept comprehension and
demonstrations of their implications for problem-solving and practical
implementations (Doppelt & Barak, 2021).

While we recognise the contributions of mainstream (cognitivist)
theoretical models, in this study, we ground our work on an alternative
view brought by embodied cognition theories (4E approach, for an
overview see Newen et al., 2018). Cognitive processes involved in
learning (i.e., how cognitive processes emerge, operate, and are
explained) are not limited to computational and individual
brain-operating processes but are spread out (distributed), involving
sensory-motor systems, actual bodily movements, and interactions with
the world (Kiverstein & Clark, 2009; Lindblom, 2007, p. 1112). Our
experiences, perceptions, and possibilities of affordance are partly
enabled by our bodies and their specific physiological structures (Uithol
& Gallese, 2015). Furthermore, minds are not passive, nor do they exist
independently of a person’s environment. Instead, the relationship be-
tween an individual and the world is brought forth through actual
engagement with others and the material environment. Social in-
teractions shape who we are and what we can do, both individually and
collectively (De Jaegher & Di Paolo, 2007; Kyselo, 2015). Engagement
with material things is consequential for human becoming; it imma-
nently extends our bodily, perceptual, and cognitive faculties
(Malafouris, 2018), impacting what and how we learn from an early age
(Alessandroni, 2020). Under the embodied framework, the seminal
work on metaphors by Lakoff and Johnson (1980, see also Gallese &
Lakoff, 2005; Johnson, 1987; Lakoff & Turner, 1989; Lakoff & Johnson,
1999) has shown that concepts are not simply symbolic and abstract
representations but grounded in our perceptual and sensorimotor sys-
tem- our bodily experiences. Thus, if conceptual thinking unavoidably
depends on our perceptual and sensorimotor engagements (Bergen &
Feldman, 2007), understanding how students make sense of such ex-
periences should provide greater insight into, if and how, concepts are
learned. This study adopts the embodied view to explore how these
experiences influence concept learning in teacher education.

2.2. Embodying concept learning in teacher higher education

Embodiment in learning is not necessarily a new idea. Theoretical
models and research on experiential learning (Dewey, 1963; Emig,
2001; Kolb, 1984) have long shown how bodily engagement in tasks
(action) benefits learning processes. Experiences in practical situations
enable a specific type of reflection and the construction of tacit
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knowledge (Alexander et al., 2011; Rustici, 1997), fostering a mean-
ingful approach to enhance competencies and skills applicable across
different fields of knowledge and educational levels (Gross & Rutland,
2017). Reflection plays a crucial role in transforming experience into
meaningful understanding. It is part of the dynamic interplay between
body, brain, and environment, serving as the connecting tissue between
doing (experiencing) and knowing (Laner, 2021). Reflection must also
be understood as an embodied process — not merely a cognitive exercise
detached from the body, but one that arises through and with bodily
experience (Gallagher, 2023; Kinsella, 2007). It serves as the bridge that
connects embodied action with conceptual understanding, enabling
learners to make sense of their experiences and relate them to broader
theoretical frameworks.

This also holds true to learning complex and abstract concepts that
build on theoretical frameworks (Abrahamson, 2009; Dove, 2022,
2023). Different types of embodied learning practices that have suc-
cessfully incorporated experiential practices in mathematics didactics
(e.g., Nathan & Walkington, 2017) and sports education (e.g., Paloma &
Tarufi, 2017), or gesturing and action observation in science, technol-
ogy, engineering and mathematics disciplines (STEM) (e.g., Hutto et al.,
2015; Kersting et al., 2023) are supportive for developing conceptual
thinking. However, most attempts to embody concept learning in
teacher education in higher education occur through promoting
awareness of embodiment (Hegna and @rbak, 2021). This entails
examining the correspondence between learning and movements, ges-
tures, or actions (those of teachers’ or students’) produced in classroom
situations (e.g., Beard, 2018; Guerrettaz et al., 2020) or by raising
reflection on teachers’ positionality in the classroom. In other words,
many practices do not necessarily explicitly specify strategies for stu-
dents to associate perceptual (e.g., something I perceive), sensorimotor
(e.g., action that can be performed to engage with), and reflective pro-
cesses (e.g., intentions, thoughts, desires) in an intelligible and mean-
ingful manner (Barsalou et al., 2003).

Although such studies have contributed significantly to our under-
standing of the associations between bodily movements and concept
learning, fewer studies address learning as a comprehensive sensory and
bodily experience, focusing attention on bodily sensations and body
awareness, or even on students’ experiences (Hegna and Orbak, 2021).
Students’ experiences and perspectives are understudied, especially
when methods involving reflectivity are used to assess learning. We
agree with Francesconi and Tarozzi (2019) that adopting an embodied
learning perspective, particularly that of phenomenological roots,
means “taking seriously the idea that cognition is always and necessarily
grounded in a bodily dimension and (...) intertwined with emotional,
affective, reflexive dimensions” (p. 229). Thus, we argue that to advance
embodied teaching practices, the challenge remains in examining
embodiment from the perspective of students’ experiences and
exploring the creation of experiential anchors for concept/theory un-
derstanding —bridging corporeal sensations, feelings, movements, ac-
tions, and reflective processes (Lakoff, 1994; Gallagher & Lindgren,
2015). Such an approach would allow for a more dynamic and
comprehensive clarification of the role of embodiment in the learning
process.

3. The present study

The present study was embedded in the implementation of the course
‘Embodying Education for the Twenty-first-Century Teacher’, which
was designed and taught by the authors and funded by a joint initiative
of both universities (Tampere University and Brunel University London)
through the Seed for Innovation Program. The course aimed to bring the
theoretical contributions of embodied cognition theories closer to
teachers’ practices, including theoretical specificities of embodied,
extended, embedded, and enactive approaches, under the umbrella term
‘4E cognition’ (Newen et al., 2018) and their implications for education
sciences and teacher education (Castro-Alonso et al., 2024; Kosmas
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et al., 2018). Particularly, the course utilised the 21st-century skills
framework to discuss how embodied cognition theories can scaffold
various discussions regarding enhancing students’ social cognition in
small-group collaborative learning, understanding ethical engagement
with technology and artificial intelligence tools, and improving
communication and social interaction among children of different
abilities. While building on knowledge of embodied cognition theories,
the course was expanded to incorporate embodied learning, with a
particular emphasis on the interconnection between perceptual, senso-
rimotor, and reflective processes.

For this approach, each theoretical body of work under the umbrella
of 4E cognition (i.e., Embodied, Embedded, Enactive, Extended; see
Newen et al., 2018) was presented to students through specific hands-on
tasks designed to prompt experiences that can build on concept/theory
learning. The purpose of these hands-on tasks was to provide
student-teachers with a learning that would allow them to experience
the processes described by the theories through specific concepts
(explained in detail in the next section).

The course was offered to all teacher education degree programs at
both universities as an optional five-credit summer school course in
2022. The universities were partners in developing the course syllabus
and methods, and as part of the bilateral agreement established by the
funding program, agreed to host at least one edition of the course. The
course was delivered across five days of intensive teaching (6 h per day),
each day addressing one of the 4E approaches in this order: Embodied,
Embedded/Situated, Enactive, and Extended. In this paper, we describe
the pedagogical strategy applied to present the fundamentals of enactive
theory and its implications for education, particularly in communication
and collaborative learning. Our criterion for selecting the lesson on
enactive theory was based on students’ feedback, as it was deemed the
most applicable approach in learning contexts and the most impactful
experience on the hands-on task.

3.1. Concepts in focus: supporting students to understand enactive
cognition

Enactive cognition theory (considering specifically the contributions
of Francisco Varela and colleagues; see Varela et al., 1991) explains
cognition “as an ongoing and situated activity shaped by life processes,
self-organisation dynamics, and experience of the animate body” (De
Jaegher and Di Paolo, 2007, p.33). To understand this theoretical pro-
posal, students must grasp the concepts of autonomy, dynamic system,
coupling, materiality, emergence, and coordination — to mention a few - in
the context of an individual’s interaction with their surroundings (i.e.,
including other people and the physical environment). To develop the
course, we took these central concepts and created strategies to embody
its learning process. Embodying means bringing the phenomenon that is
described by each concept to the level of a personal experience, bridging
corporeal sensations, feelings, movements, and actions, as well as
reflective processes that can lead to or anchor conceptual understanding
(Lakoff, 1994). For example, to embody the concept of coordination
—dynamic and reciprocal regulation of behaviours between people
during an interaction, where patterns of mutual responsiveness emerge
over time (De Jaegher & Di Paolo, 2007)-, we had to choose an activity
that elicited sensations (e.g., the other person’s presence in the inter-
action), feelings (e.g., of attractiveness or repealingness), and thoughts
(e.g., of mutual understanding) that lead students to act in accordance
with others’ actions. Furthermore, our strategy involved exposing stu-
dents to the combination, in this order, of a hands-on task for intro-
spective reflection on social interactions, a lecture presenting the
guiding tenets and concepts of the theory, and a small-group discussion
that bridged experience and theory. The hands-on activity afforded
students to experience being in a temporary dynamical system, coupled
with another student to coordinate a specific action. The action (drawing
together) is mediated by different materialities (pencil, crayons, pens)
that, when changed, create a different sensation for the student,
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affording new ways of coordinating with the peer.

3.2. The hands-on task ‘Letting it flow’

The embodied task was inspired by the workshop ‘Prisma: Interact-
ing Through Difference’ (De Jaegher, 2022), which is an embodied,
intersubjective approach to investigating the interaction experience
based on embodied cognitive science and movement practices (for de-
tails on the method, see De Jaegher et al., 2017). For this study, we
adapted one of the workshop’s tasks, consisting of interacting through
drawing, followed by the PRISMA introspective method for annotating
one’s sensations, feelings, and thoughts during the interaction (De
Jaegher et al., 2017). The task was titled “Letting it Flow” (see Fig. 1).
Participants were divided into trios (two drawing partners and one
observer) and asked to draw a spontaneous figure together without
verbal communication. The drawing started and ended in the same spot
in the middle of the page. Participants had 3 min to draw and then
changed partners for a new round (this process was repeated three
times). While drawing, participants were advised not to lift their pens
from the paper and to create a drawing with a single continuous
movement. Also, for each drawing round, we purposefully changed
drawing materials (ink pens, permanent markers, and wax crayons) to
modify the sensations created by the different tools in contact with the
paper (A3 white paper).

This task purposefully brings to an experiential level the sensations,
feelings, thoughts, and actions described by the concepts (i.e., coupling,
coordination, precarity, tension, materiality, etc.) that explain social
interaction dynamics in enactive cognition theory. For example, the
framework of the task — drawing together — creates a setting for students
to understand what coupling means: as a temporary engagement with the
other that creates an interaction system. The demands of keeping the
pencil moving while respecting the boundaries between following/
leading or approximating/distancing oneself from the other materi-
alised an experience of tension, prompting students to sense and feel how
coordination occurs. Changing partners and materials during each iter-
ation allows for distinct experiences in negotiating such tensions, as well
as intentions, desires, and emotions when producing the drawing. Pens,
permanent markers, and wax crayons afford different resistances to the
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paper, distinct visual inputs, and sensorial experiences of motion, which
reveal the role of materiality in social interactions.

While participants engaged in drawing, they were asked to bring
awareness to their bodily sensations (e.g., involuntary movements,
agitation, muscle relaxation), emerging feelings (e.g., fear, joy,
awkwardness), and thoughts (e.g., semantic interpretations of the lived
situation, such as “this is difficult,” “I am thinking about what should I
do next”), which is also part of the PRISMA introspective method (De
Jaegher et al., 2017). Immediately after each drawing session, partici-
pants would make notes of their sensations, feelings, and thoughts,
creating what we denominated as introspective notes. The introspection
notes, then, bring awareness to how these embodied experiences are
intertwined and shape thoughts, decisions, and actions within that
interaction. We adapted the original version of the PRISMA workshop
(De Jaegher, 2022) to use the whole-group discussion (as opposed to
participants’ small groups) to construct a configuration of individual
shared experiences. This approach allowed the teachers to mediate the
experience, bridging the gap between experiential and conceptual
development in some moments. When participants share their per-
spectives on the same experience, they are creating collective agree-
ments on how that concept can be lived, recognising its role in a
multitude of dimensions. Through this task, participants discover ten-
dencies in their experience of interacting, which are determined by how
the body perceives and engages with the environment (both material
and social), and gain insight into their own participation in interactive
situations while contributing to the science of experiential interaction
dynamics.

3.3. The lecture: understanding social cognition through an enactive
approach

Enactive cognition theory was addressed specifically from the point
of view of social cognition (i.e., intersubjectivity), introducing partici-
patory sense-making as an alternative to individualistic models of social
cognition (Di Paolo et al., 2018). The lecture underlined two important
ideas: First, cognition is dependent non-trivially on the body and its
means for actions (in)with the environment. The cognitive system is an
active, embodied agent and depends on affordances for action in and

Fig. 1. Image of the task “Letting it Flow™.
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with the environment to make sense of the world (Gallagher, 2005;
Gallagher & Bower, 2014). The material world thus shapes and in-
fluences these enactments. Second, cognition is a relational and
affect-laden process rooted in biological self-organisation (De Jaegher &
Di Paolo, 2007). We make sense of the world through our engagement
with and in it, including our interactions with others, guided by what is
important to us (De Jaegher, 2013, 2021; Di Paolo et al., 2018; Hutto
et al., 2015; Varela et al., 1991). Furthermore, we connected these
theoretical insights to educational psychology, especially autism
research, exploring how enactive approaches reveal alternative un-
derstandings of autistic communication and collaboration (Fantasia
et al., 2014; Ferreira & Bottema-Beutel, 2023). This perspective un-
derscores the significance of embodiment in education and underscores
the necessity of inclusive pedagogical practices.

3.4. Group discussion: understanding students’ learning experiences

After the lecture, we facilitated a group discussion elicited by the
materials produced by participants during the hands-on task (see Fig. 2).
The discussion followed similar protocols of elicitation processes in
focus group interviews (Barton, 2015; Harper, 2002), focusing particu-
larly on exploring students’ experiences of interacting and how they
engaged in the drawing together. The drawings elicited reflections on
their engagement processes, allowing the researcher/teacher to mediate
the group discussion and explore specific aspects of the experience
directly connected to the theoretical concepts.

4. Materials and methods

In this study, we propose capturing the rich intricacies of the human
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experience by employing a qualitative and exploratory study design,
which builds on data triangulation methods. Data triangulation has long
been widely used in qualitative research (Denzin, 1978; Denzin &
Lincoln, 1994), especially among studies involving complex processes
such as human learning, development, and social interactions. Here, we
employed between-methods data triangulation (Flick, 2004), combining
video and text data to enhance the examination of students’ experiences
during conceptual learning in an embodied way.

4.1. Participants

Participants for this study were recruited through convenience
sampling from students enrolled in the course “Embodying Education
for the Twenty-first-century Teacher,” offered on-site at the university
(Tampere University and Brunel University London). It was also possible
to participate in the course without participating in the study. However,
all enrolled students agreed to participate and provided their written
consent for the use of their data and images. In total, 16 students (aged
26 to 46, with 1 male) participated in the study, divided into two groups.
Nationalities varied across British (5), Finnish (2), Korean (2), Chinese
(2), Indonesian (1), Turkish (1), Thai (1), Brazilian (1), and Mexican (1).
Most participants were student-teachers enrolled in teacher education
programs (including class and subject teachers), except one from a
business school who specifically requested to attend, as they were
interested in teaching.

Ethical approval was sought from the relevant authorities (The
Ethical Committe of Tampere Region and the Ethical Committee of
Brunel University London). This included consideration about the power
relations present when students are involved in a programme led by the
teacher and researcher (we addressed this by ensuring no student was

Fig. 2. Examples of the drawings produced during the task ‘Letting it Flow’. First and second rounds of drawing, respectively.



J.M. Ferreira and G. Ineson

obliged to be involved), a clear understanding of what the project
involved (provided through a participant information sheet and signed
consent) and confidentiality and anonymity. To ensure anonymity, we
have used pseudonyms in this paper and have intentionally omitted
specific details about the characteristics of the students whose data ex-
tracts are included.

4.2. Data collection and specific analytical approaches

The data collection respected the organisation and the sequence of
activities foreseen for the course. We first collected video recordings of
the hands-on task “Letting it flow” (a total of eighteen 3-min-long
videos) using a stable camera positioned to capture pairs executing
the task together. Subsequently, we collected the materials produced
during this task, including drawings and introspective notes elaborated
by students (eighteen lengthy annotations, each one page in length and
15 drawings). Lastly, we recorded the group discussions after the task (a
45-min video), which was transcribed verbatim, generating materials
for analysis.

4.2.1. Analysing video recordings of the hands-on task “Letting it flow”

The video recordings from the hands-on task were analysed through
microgenetic analysis (Siegler & Crowley, 1991), following a specific
coding scheme (see Table 1) that reflected the behaviours through which
this social interaction of drawing together was constructed. Micro-
genetic analysis focuses on identifying the moments of change and sta-
bility in interactive, learning, or developmental processes and operates
under three basic rules (Siegler & Crowley, 1991): a) observation spans
from the beginning of change until stability; b) observations are density
high; and c) observable behaviours are submitted to trial-to-trial anal-
ysis, allowing inferences of how processes emerge and are sustained. We
applied microgenetic analysis to identify the moments of change and
stability in participants’ movements while drawing together. Particu-
larly, we focused on unfolding eye-gaze, hand movements, and facial
expressions (e.g., smiles, laughter, and surprise) to capture observable
signs of behavioural regulation between participants. The combination
of these behaviours has been widely used for analysing interaction dy-
namics (Lerner et al., 2013; Streeck et al., 2013) and constitutes the
essence of the proposed interaction in this task.

The microgenetic analysis was supported by ELAN software (Brug-
man & Russel, 2004), which allowed the identification and measure-
ment of individual behaviours across the timeline of the interaction,
creating a map of how participants constructed the interactions. Once all
coding was complete, we extracted the density plots and the statistics
generated by the software to understand how bodily engagements pro-
vided opportunities for analysing the emergence of coordinated actions
and then analysing behavioural regulations to maintain the task’s goals.
This analysis provided a glimpse into how participants constructed the
interaction, giving an embodied dimension to the coordination that
emerged and was maintained during the task engagement.
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4.2.2. Analysing the introspective notes

The introspective notes consisted of one A4 page of annotation from
each participant (18 pages) describing their sensing, feeling, and
thinking, collected immediately after each round of the “Letting it flow”
task. Participants were prompted to reflect on their bodily sensations
during the task and identify their emerging feelings and thoughts. The
prompts included a ‘complete the sentence’ exercise inspired by the
PRISMA method (De Jaegher, 2022; De Jaegher et al., 2017), such as “As
I interacted with my partner, I could sense my body ...“. The annotations
made by the participants were freestyle. Participants had 5 min to make
annotations on each of the three rounds of iteration.

While the introspective notes offer insights into participants’ expe-
riences interacting and how they perceive the links between sensing
(their body), emerging feelings and thoughts, they also allow us to
analyse how these different aspects of human experience are under-
stood. For example, how participants differentiate (or not) sensations,
feelings, and thoughts and how they guide their actions within the
interaction based on such distinctions. Such analytical dimensions are
critical when discussing social cognition from the perspective of enac-
tive approaches, as they provide insights into the complexity of the
dynamic exchange between partners (see Di Paolo, 2018; Di Paolo et al.,
2018). The agents — in this case, two students drawing together —
interact in a continuously changing way and simultaneously allow for
the continuation of the interaction itself. The analysis of the introspec-
tive notes opens a window for understanding each participant’s
self-perception (what they sensed, felt, and thought during the interac-
tion) and, based on these individual experiences, understanding what
supported the maintenance of the interaction.

When the PRISMA method (De Jaegher, 2022) is applied in its en-
tirety, participants generate and analyse the data, as they are creating
configurations of the different perspectives on the interaction experi-
ence. However, since we only addressed participants’ self-perception of
the interaction in this study, the researchers (authors 1 and 2) conducted
the analysis. We distinguished between the first, second, and
third-round notations for each participant and identified the most
expressive observations among participants’ notations, thereby
approximating their experiences. Organising the analysis according to
each iteration allowed for the unfolding of conceptual development,
revealing differences in what and how participants sensed, felt, and
thought during the task from one round to the next. This analysis
identified participants’ perceptions of the interaction (see Table 2).

4.2.3. Analysing group discussions

We employed reflexive thematic analysis to analyse the transcripts of
group discussions (Braun & Clarke, 2019, 2021), identifying the most
relevant ideas of the interaction experience. In reflexive thematic
analysis, the conceptualisation of themes is understood “as stories about
particular patterns of shared meaning across the dataset” (Braun &
Clarke, 2019, p. 591), differing significantly from other types of the-
matic analysis that treat them as conceptual summaries gathered based

Table 1
Coding scheme for social interactions during “Letting it flow” hands-on task.
Type of Specificity of the observable Description of the behaviour Code
behaviour behaviour
Gaze behaviour Gaze on their own work Eye gaze is identified in a continuum. Eye gaze remains towards the participant’s own hand. (GOW)
Gaze on other’s work Eye gaze is identified in a transition. Eye gaze is on the partner’s hands. (GOsW)
Gaze toward the partner Direct gaze to the partners’ faces. (GTP)

Gaze elsewhere

Direct gaze away from drawing or partner. (GE)

Movements Movement towards the other Movement of the hand holding the drawing tool moving toward the partner’s hand. The movement is identified =~ (MTO)
concerning the other person’s hand.
Movement together Participants’ hands are synchronised- they follow each other’s rhythms and directions. (MT)
Movement away from the other =~ Movement of the hand holding the drawing tool away from the partner’s hand. The movement is identified (MA)
concerning the other person’s hand.
Facial Smile Identified by facial muscles around the mouth moving diagonally up. S
expressions Laugh Smile followed by sound. L
Surprise Identified by the elevation of muscles on the forehead above the eyebrows. Su
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Table 2

Content analysis of the introspective notes.

First round

Sensing Feeling Thinking
Attention Oneself in the interaction ~ Attention
Non-attentive, Non-relevant, About other things,

Mind wandering

Sensed observer
looking at her

Heard giggling

Saw interaction (from
partner)

Frustrating

Awareness of what
picture is becoming

Individual,
Curious

Enjoyment
Humoured

Anxious (mind is blank)

Non-relevant things
This is difficult

Desire to communicate
How much time left

Table 2 (continued)
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First round

Sensing Feeling Thinking

Attention Oneself in the interaction Attention

Bodily sensations Fluctuating states Materiality of the task

Hands firm, In-tune/Synchronised Associations between colours

Adjusting eyes to see
others work,
Light hands,

Smells and textures,
Partners’ hands,
Heart beating fast,

Confused

Happy,

Focused
Surprised
Less enthusiastic

and drawing
Looks nice,

Pens are not nice to draw
with,

Looks like a volcano.

Chalk was uncomfortable
Pens were clumsy (hindered

Materiality

Interaction dependent

Ideas about the task

Bright colours
Sound of the pen
Movement of the pen

Sensing being in a
cloud

Colour of chalk and
paper

Position of paper

Movement of pencil

Discomfort,

Stress,

Unsure about the
connection,

The fun of the activity

No pressure
Expectant

Connecting with partner
Conscious of others

Task is not challenging,
Task is not about simulating,
Doubting doing the task
correctly,

Expectations about the task

No restriction

Freedom

Wanted it to be meaningful
Wanted it to relate to how she
was feeling

Wanted it to be beautiful
Ideas about what was

possible
No ideas
Bodily sensations Fluctuating states Executing the task
Arms resting Bored/Blank Wanting to collaborate,
Bent back Happy, happy (by end) Painting techniques,
Eyes on paper Calm/Relaxed Past experiences drawing
My body moving Peaceful Needing instruction
actively
My body still but active ~ Focused Wanted to connect with what
her partner was drawing.
Body is relaxed Confused What is my partner thinking
Relaxed motion Uneasy Colours trigger ideas

More engaged
Movement of the
interaction

Being pulled by the
other

Flow of the movement
Relieved (as picture
comes together)

Use partner’s creation

Second round

Sensing Feeling Thinking

Attention Oneself in the interaction Interactive dynamic

Attentive, Being the coordinator, About anticipating other’s
actions,

Concentrated Being a partner Giving cues to the partner,

Awareness of the
orientation of the
paper

Observed partner’s
drawing

Leading

Confident
Active
Free

Anxious about what
they’ll create

Meaning of partner’s actions,

Ensure my own idea.

Wanted to connect with
partner

Didn’t want to cross a line
About options to draw

Doing something different to
partner

Wanting communication
What will be created

What is partner thinking

drawing)
Active movements Quite free to draw Doesn’t like the chalk
Heard laughter Neutral (not expecting Evaluating

anything particular)
Unable to see all the Great — by end
drawing
Noise of chalk
Unable to move hands
as they’d wish
Feels rough (not

Presenting the picture well

Liked what the other did
Funny outcome

In suspense
Embarrassed, then
reassured

There was potential Able to create something

smooth) without communicating
Restricted in use of Clarity
hand
Itchy finger Responsibility
Sensation of finger Enjoyment
touching the chalk
Pressure
Uneasy

on frequencies of code application (Braun et al., 2018). In reflexive
thematic analysis, themes evolved through an inductive and deductive
process, focusing on both semantic and latent coding. Therefore, themes
are generated by examining the data in different ways and multiple
times. In this study, we recognise that the key concepts of the enactive
theory are embedded in the interpretation of the group discussions and
guide the generation of the themes.

The analysis was conducted by a research assistant and the first
author, with the second author participating in reflective discussions as
the agent responsible for questioning and querying the assumptions
made during the interpretation and coding of the data (Braun et al.,
2018). The team met to agree upon codes and interpretations, and the
two authors conducted the final theme organisation (see Fig. 4 for an
example of the coding process).

Code reliability is not a central concern in reflexive thematic analysis
(Braun & Clarke, 2021; Braun et al., 2018). However, we were attentive
to the importance of aligning ideas and maintaining coherent data
interpretation. The analysis resulted in the following four themes: (1)
Interaction Dynamics; (2) Task as Guide for Action; (3) Materials
Shaping Interaction; and (4) Materials Defining Actions (see Fig. 5).

4.3. Triangulating data analysis

As a final step in the analytical procedure, we triangulated all results
to gain a comprehensive understanding of the embodied concept
learning process. This data triangulation was purposefully designed to
integrate first-, second-, and third-person perspectives on human expe-
rience, providing visibility to the association between perceptual,
sensorimotor, and reflective processes (see Fig. 3 below). The video data
provided behavioural references for the interactive experience, which
was purposefully designed to embody specific theoretical concepts of the
enactive approach. The text material from students’ introspective notes
and the group discussion provided insights into how the experience is
transformed into concepts. The alignment between the experience and
the arrival of abstract notions reveals the path of embodied conceptual
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Teacher-student
experiences

Third-person
perspective

Introspective notes
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Bodily engagement
(video-recordings)

Second-person

perspective

Microgenetic

analysis
(text data) Y
First-person
perspective
Content analysis
(inspired by PRISMA)
Fig. 3. Diagram of research methods, analysis, and data triangulation.
Excerpt from the group discussions.
Categories Themes
Sensing materials : ;
s Being influenced by materials interaction
| ICINOMIRSHNENE | Material metaphors
And1, and even like when she SUTE BRI G Coupling with ofhers Interactive dynamic
d — Tensions in interaction
pas lﬂt‘; co]oILmng, el‘iili: tgm_lgh :hwas not Drawing being weird Describing ideas about the task Task as guide of action
even there, I was oing the same
motion” (participant 2)
Fig. 4. Example of coding process in reflective thematic analysis.
THE THEMES
observing 5
being m[/:::u:;a Y INTERACTION DYNAMICS
difficult | bengawore bodly e
of mind SCIEOEoNS awareness e « Challenges of introspection
reockns  — e - Tensions in the interaction
re:’r”v:’:’:m learning to ) + Challenges in interpreting sensorial
tension connection ™Y feeling i pistds experlences
m:l ":"’"“”’ m experiences W e omfort s kel
connection «
“—— g TASK AS GUIDE OF ACTION
thin individual . .
ey e mix of flow o 0 « Learning with the task
R beweensef o o e u::;‘ - unexpected [l PO Z::,Z':Sl “ + Uncertainties for action

Crayons
don't
move

objects
make a
difference

no space to
think
together in
this task

taking away
sensorial

experiences
is difficult

Jocus on the
drowing at
hand

Fig. 5.

focus on
the task

curious
to see the
result

The construction of themes from group discussions.

MATERIALS SHAPING INTERACTION

- Materials hindering connection

MATERIALS DEFINING ACTIONS

+ Materials defining movements
- Task-centered actions
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learning.

The triangulations included analysing all the concepts and tenets
presented during the course and expanding the search for evidence of
when the experience provided the grounds for understanding the
concept (theory). The starting point of this process could, in theory, be
any of the datasets. However, our experience showed that starting from
the analysis of group discussions facilitated the identification of core
concepts relevant to students. Group discussions allow participants to
express what they believe is most relevant to and about their learning
process. After identifying the concept, the triangulation integrates
observable behaviours (3rd perspective) and reflective processes (1st
perspective) to reveal how the embodied experience affords concept
understanding. Therefore, aligning experience and concept in all data-
sets was essential for this analytical procedure.

5. Results and discussion

The results from the data triangulation provided two different in-
sights into how embodied learning practices influence student-teachers’
understanding of enactive approach of cognition. The first insight is that
experiences created in the practice materialised or brought to a concrete
level the abstract concepts explaining enactive cognition theory.
Particularly, the meaning and role of foundational concepts in enactive
theory, such as materiality and interactional tension, used to account for
the mechanisms of social cognition. This insight answers our first
research question — How do embodied learning practices in teacher
education influence student-teachers’ understanding of enactive
approach to cognitive theory? — and is explained in the subsection Ex-
periences affording concept/theory understanding.

The second insight relates to learning to improve one’s competence
in social cognition while learning the theory, revealing the specific
perceptual, sensorimotor, and reflective processes involved in the
embodied learning. This insight addresses our second research question
— Which perceptual, sensorimotor, and reflective processes do student-
teachers engage in during embodied learning practices? and is
described in the subsection ‘Building Competence in Social Cognition within
an Embodied Learning Experience.’

5.1. Experiences affording concept/theory understanding

The first finding relates to how participants interpreted and explored
the concepts addressed to explain enactive cognition theory from the
perspective of participatory sense-making during the course. Two con-
cepts were particularly significant and appeared across the data of all
participants: materiality—the unforeseen influence of materials in
influencing actions and shaping the dynamic of the interaction—and
interaction tensions—the combination of different sensations and feelings
that emerge during the interaction and guide the continuous negotiation
between the two interactors, trying to balance their individual and joint
systems. These two concepts are essential to understanding participatory
sense-making as the dynamic constituting human social cognition. The
hands-on activity provided a concrete venue for participants to experi-
ence the role of materiality, what and how tensions were felt, and what
they created in social interactions. The materialisation of a concept
through the sensations, feelings and thoughts emerging in the experi-
ence allows a direct connection between theory and reality or, in other
words, an understanding of how the concept works in practice.

Participants’ awareness and understanding of materiality and its
implications for the interaction became explicit when we examined the
group discussion and traced back the data referring to materials in
participants’ experiences. For example, participants reported becoming
aware of how the texture of a specific material impeded desired actions:
“I was just frustrated with the crayons because it was not making the
lines I wanted” (Julia, 26 years old, Female), or how the sound of a
material affected their mood during the interaction: “they’re using the
markers, and the markers make a lot of noise like it makes too much
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noise for me. It made me annoyed” (Akemi, 23 years old, Female). The
combination of bodily experiences and reflective processes about spe-
cific aspects of different materials (i.e., textures and sounds) created a
sensorial-motor awareness that grounded meaning-making about the
concept in the context of social encounters. The abstract notion of ma-
teriality gained a concrete dimension anchored in one’s sensations,
feelings, and thoughts produced within that experience of drawing
together.

The embodied practice also allowed participants to concretely
experience how materiality shapes the interaction itself, guiding one’s
actions in the interaction dynamic. For example, in the excerpt below
from the group discussion, participant Sofie (26 years old, female) ex-
plains how the mere colour of the pen guided their intentions with the
drawing and shaped their intentions and expectations with their part-
ners (see Fig. 6):

“(...) I saw that I have blue sharp pen. So I would draw something
related to the sea. I hoped that she (Julia) draw the mountain, I
guess. So I tried so badly to give her a hint with my movements that I
had drawn the fish, which was looking at the birds. So I'm like, this is
a fish and the wave’s motion; please draw a mountain, and I hoped
her drawing was a mountain. So please complete my!” (Sofie, 26
years old, female).

The materials’ characteristics or quality are no longer an adornment
to a somewhat abstract or conceptual picture, but concrete means
through which intentions are shaped in the interaction. The colour and
type of pen influenced the participant’s creative intentions in drawing,
consequently affecting how they positioned themselves in the interac-
tion with the peer. This specific transformation from abstractness to
concreteness can be traced in the introspective notes and the micro-
analysis. Combinations of descriptions in the dimension of sensing, such
as “I became attentive to the bright colours we had” (Sofie’s introspec-
tive notes after interacting with Julia) and “I was noticing other’s active
movement” (Julia’s introspective notes after interacting with Sofie),
provide us with a glimpse of how participants fine-tuned their awareness
of the materials and the other in this specific interaction. This awareness
builds on the dimension of thinking, as participants’ introspective notes
reveal how materials are incorporated into sense-making: “I thought of
making it look like a volcano. I was thinking all the time about giving
cues to my partner” (Sofie’s introspective notes after interacting with
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Fig. 6. Drawing together, participants Sofie and Julia.
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Julia). The blue colour of the pen directs Sofie to guide the interaction—
to show the partner what to do. It shapes participants’ thinking and
guides their intentions for interacting with others and creating new
material products (in this case, the drawing). Thus, we observe that
materiality not only contextualises social interaction but also becomes
entangled with our lived experiences and thinking (Malaforis, 2018).

At the same time, Julia’s notations show us that such intentions were
communicated: “I was thinking of associations between colours and
drawing” (Julia’s introspective notes after interacting with Sofie). This
dynamic is confirmed by analysing participants’ behaviours captured by
the videos. We identified different moments where Sofie actively seeks
Julia’s movement (moves towards the other rapidly) and then returns to
her initial point in the drawing— a dynamic we interpreted as creating
movement for attention — and when Julia stops her movements to
observe what Sofie is doing. In this example, Sofie starts drawing over
Julia’s work (see Fig. 5, the blue lines coming from the bottom of the
drawing, passing through the red mountain in the bottom right corner
and culminating in two steam cloud-shaped drawings). The experience
of “giving clues to my peer” appears when the colour’s borders are
crossed, calling Julia’s attention to stop and observe. Sofie concretely
integrates ‘the sea and the land’, creating a specific meaning for her
peer’s red drawing. This entire dynamic is built and shaped by the colour
of the pen.

Another important concept learned through our embodied pedagogy
was the concept of tension. Similar to materiality, our data triangulation
captures different aspects or dimensions of tension. In group discussions,
the category ‘Tensions in Interaction’ in the theme ‘Interaction Dy-
namics’ shows how participants recognise the ambiguities and the
different feelings provoked during the hands-on task. For example, one
participant noted the tensions in the balance between self and others,
being torn between what she wanted to do in the task and the need to
keep the interaction with the peer: “I realised that the task requires a
little bit of cooperation from the other, but I focus on what I need to do in
order to make the task easy” (Sofie, 25 years old, female). Another
participant explored the notion of tensions from the perspective of her
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feelings during the same interaction, recognising how the connection is
always changing: “I felt calm, but also some discomfort. Like ... we have
that awareness of the other person in the paper, but I also felt it was
soothing because I feel that she, herself (referring to Akemi, 23 years old,
female), is very soothing, but it still made me a little bit nervous to be so
close and dependent” (Telma, 24 years old, female).

Tracing back to the introspective notes and participants’ actions
during the interaction, tension is evident throughout the entire drawing
experience. For example, the researchers noted several instances of
synchronisation and movement negotiation during the drawing task,
manifesting the “pushes and pulls between individual and interactional
autonomies and normativities” (Di Paolo et al., 2018, p. 139), as ex-
pected in interaction dynamics. These negotiations are evident in par-
ticipants’ movements towards each other, as they regulate the peer’s
movement within the boundaries of the drawing or create alternative
designs within it. To illustrate, in the interaction between Kate (27, fe-
male) and Taylor, we can see how participants constantly negotiate the
space in the drawing and build on each other’s ideas (see Fig. 7). While
the division of space is rather clear in this interaction (the right side is
predominantly occupied by Taylor in purple and the left by Kate in light
blue), the analysis of their movements reveals several instances when
they advance towards each other’s side. In response, neither of them
retreats, pulling away from the approximation; they move together (e.g.,
sidelines in both colours) and take the opportunity to build the con-
nections for the drawing (e.g., fishing rod in purple).

The negotiations sustained participants’ attention to the joint ac-
tivity and created boundaries between their individual needs (wishes
and interpretations for the drawing) and the collective needs (doing the
task together). It reflects the paradoxes, tensions, and unpredictability of
social interactions, a key characteristic of social dynamics from an
enactive perspective (De Paolo, 2018; Kyselo & Tschacher, 2014). At the
same time, individual-level references to feeling “in-tune” or
“synchronised” appear in the introspective notes, revealing that what we
observe regarding participants’ actions aligns with their perception of
the experience.

Fig. 7. Drawing made by Taylor and Kate.
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By examining the triangulation of data, it was possible to identify
how the embodied experience, particularly whole-body engagement in
the drawing task, supported the reflective processes, creating experi-
ential anchors for concept learning. The behavioural observations in this
study indicate that certain combinations of motions and emotions dur-
ing the interaction could create the experience that materialises the idea
behind the concept. We observe a similar phenomenon to those reported
in studies on whole-body movements and concept learning (Cutica et al.,
2014; Glenberg, 2017; Macedonia & Klimesch, 2014)- movements in an
engaged activity can extend inner cognitive processes and make abstract
thoughts and ideas more concrete, salient, and easy to remember.
However, our study goes beyond this by providing insights into devel-
oping learning processes that integrate perception, sensorimotor,
emotional, and reflective processes. Students are building experiential
repertoire while living the situation of learning the theory itself. We
don’t assume this is the only or best way to do it, but we view it as an
interesting approach to thinking about embodying concept learning in
higher education.

5.2. Building competence in social cognition within an embodied learning
experience

The second finding concerns how embodied practices facilitated
progressive learning and promoted competence building, specifically
enhancing participants’ abilities in social cognition. We identified that
participants improved their competencies for collaboration, following
the tenets of enactive theory, opening new ways of engaging with ma-
terials and others as they faced a new opportunity to work together.
Participants acknowledged this learning process in group discussions.
The category Learning with the task in the theme Task as a guide for action
brought together participants’ perception of how the task afforded op-
portunities to “be aware of others and oneself” and “learn to see cues in
the interaction” that allowed for the interaction to be maintained, which
summarises quite clearly the idea of coordination described by enactive
theories. For example, participants shared observations related to un-
spoken negotiations involved in the interaction while recognising what
they had learned from the experience to deal with such moments of
tension. In the three excerpts below, participants are talking about their
experiences in the second round of the task:

“I already had this understanding like, OK, it’s not easy to draw like
that, so how could I do it? I was thinking, how would I do it? So, of
course, it affects us when I start the next time” (Mary, 31 years old,
Female).

“(...) based on my experience with her (Anna) in the first round ...
So, I felt the same way when she (Julia) said, you know ... like, I was
far away. I was thinking like: OK, we need to meet. But will she come
down? OK, let’s hurry up to go up there” (Suki, 29 years old, Female).

“(...) then, in the second round like you were still the same person in
there. So I was like, oh, let’s see how we are going to collaborate
together and draw. It was kind of similar to the position that she took
in the previous round, drawing fiction, and I was like, oh, yeah, I felt
I knew what was going on. So when we met, finally, I was like, OK,
who’s going to lead the drawing? Let me start. And then she will keep
following and I wanted to give up, you know, the give space to you
(Julia). But you were kind of waiting and allowing me to like, turn off
like, OK, let’s keep doing it” (Suki, 29 years old, Female).

We also observed such results in the increased frequency and time
spent in motions depicting synchrony (e.g., movement together) or
seeking engagement (e.g., movement toward the other and gaze at
others’ work, emotional responses such as smile and laughter) in the task
Letting it Flow in almost all the groups. The increase in these specific
behaviours was interpreted as a signal of a learning process occurring
through the experience of working together, resulting in more non-
verbal negotiations embodied in the movements that participants
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expressed. In other words, participants were able to work together better
in their second round of interaction.

Lastly, learning through ‘experiencing’ can also be translated from
the subtle changes in participants’ descriptions of their introspective
notes. The content analysis of introspective notes from the first round
reveals an experience characterised by diffuse attention, feelings of
discomfort, stress, and overall thoughts that focus on the results of the
action together (see Table 2). Although the activity remains the same in
the second round, we observe a change in what participants become
aware of. The introspective notes in the second round include sensations
of attentiveness and relaxation, as well as direct mention of being more
aware and having more clarity of the other in the interaction. Partici-
pants describe themselves as partners and coordinators and use a
broader scope of feelings that characterise participants’ positive states
and thoughts. This reveals, in practice, an important theoretical point in
enactive theory— the experience with others shapes how we perceive
ourselves and our surroundings (De Jaegher & Di Paolo, 2007). Conse-
quently, this implies more complex reflections and reasoning each time
we engage in social encounters.

Previous studies, particularly from an experiential learning
perspective, have shown that embodiment in learning can promote
competence building (i.e., students become more proficient at per-
forming a specific task). However, to our knowledge, our results
describe for the first time the associations between perceptual, senso-
rimotor, and reflective processes behind this competence building. It
offers insights into how such associations change and transform how
students perceive, sense, and feel themselves, others, and material
across multiple iterations of similar situations (i.e., interacting with
different partners and materials). Each experience is unique but
collectively enhances students’ competencies for interacting with
others. Thus, one could point out that the individual experience of
drawing with others, while encouraging reflection on one’s sensations,
feelings, and thoughts, builds participants’ intersubjective competencies
(i.e., social cognition), which is precisely what enactive cognition ap-
proaches support student-teachers in reflecting. They had an opportu-
nity to be aware of and recognise the tensions and ambiguities that rule
all social encounters and learn how to respond to them, as theorised in
the enactive cognition approach (De Jaegher & Di Paolo, 2007).

It is important to recognise that from the perspective of researcher
positionality, researchers were heavily implicated in delivering the
practice that circumscribed the study. Although researchers’ practices
are not the focus of the study, it is relevant to note that they have insights
into how students’ experiences happened, which is part of the investi-
gative work. If the data were to be analysed by researchers who had not
participated in the course implementation, other insights could be
found.

6. Conclusions

This study explored how student-teachers come to understand con-
cepts central to theories of embodied cognition as applied to education
by directly experiencing these concepts through embodied learning
practices. Building on methods to grasp and study intersubjectivity
(PRISMA, see De Jaegher et al., 2017; De Jaegher, 2022), our embodied
learning approach focused on providing participants with lived experi-
ences of specific theoretical concepts of enactive cognition and the
necessary space and time for reflecting on them. At the same time, our
analytical approach integrated first, second, and third-person perspec-
tives, aligning multiple aspects of the experience (perceptual, sensorial,
and reflective) and allowing for different possibilities of conceptual
learning to be explored. This combination of first-, second-, and
third-person perspectives differs from other embodied practices, which,
although highlighting playfulness and the involvement of the body in
cognitive processes (Ayala et al., 2013; Chao et al., 2013), do not ac-
count for reflective instances in learning.

Our results provide insights into how perceptual, sensorimotor, and
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reflective associations occur in student-teachers’ experiences within
embodied learning practices. Notably, it indicates that reflective pro-
cesses on such associations (i.e., becoming aware of how these aspects of
the experience contribute to one’s understanding of the concept) are key
in concept/theory learning, particularly that reflecting collectively (i.e.,
participating in others’ sense-making) is more relevant and effective for
students. The embodied experience creates a sensorial bond to a specific
theoretical notion (Foglia & Wilson, 2013; Wilson, 2002), and our study
suggests that this bond is consolidated through reflection that brings
awareness of such bodily connections. The individual sensations, feel-
ings, and thoughts promoted during the embodied practices influence
what and how students make sense of theoretical concepts, which can
lead to variations in the knowledge students construct. However, the
reflection, particularly the collective sharing, unites and expands indi-
vidual experiences, a phenomenon that has not been explored in pre-
vious studies on embodiment in learning. The implication being that
without such a reflective process on the experience, learning may not be
optimised. Opening up such moments of shared meaning-making in
concept learning shows the potential of intersubjectivity present in
classroom practices in higher education contexts.

Furthermore, based on our findings learning process involves a rich
interplay of perceptual, sensorimotor, and reflective processes and
repeating the experience with similar embodied associations broadened
concept understanding and enhanced students’ competencies. Partici-
pants reported becoming more attuned to their own presence and the
presence of others, learning to see cues in the interaction deriving from
body language, positioning, and emotional expressions. A configuration
of unspoken negotiations and tensions that reveal perceptual sensitivity.
It was also possible to unravel participants sensorimotor processes. For
example, movement synchrony, engaging seeking behaviours (e.g.,
physical gestures like moving toward others, gazing at their work, and
responding to emotional expressions), and bodily negotiations,
including participants physically adjusting their actions in response to
others (e.g., leading vs following behaviours). Lastly, regarding the
reflective processes, participants’ notes revealed shifts from stress and
diffuse attention to relaxation and clarity, indicating deeper self-
awareness and emotional regulation. They described strategic plan-
ning and adapting based on previous experiences (e.g., “how could I do
it?” or “let’s see how we are going to collaborate™), which led to see
themselves as “partners and coordinators,” reflecting a more complex
understanding of social roles and shared agency.

Overall, these processes illustrate how embodied learning fosters
social cognition by enabling learners to perceive and interpret social
cues, coordinate actions with others through bodily engagement, and
reflect on their experiences to build awareness and theoretical insight.
This triangulation of perceptual, sensorimotor, and reflective processes
is a compelling demonstration of how enactive cognition can be oper-
ationalized in educational practice, which to the best of our knowledge
has not been described in the literature. Our findings prompt us to reflect
on the type of embodiment we incorporate into higher education
teaching and learning practices. Building on previous notions of
embodiment as a property of conceptual thinking (Dove, 2022; Lakoff,
1994), we argue in favour of exploring practices that go beyond focusing
on movement and gesture or the idea of learning by doing to bring forth
multiple perspectives on student-teachers’ experiences. This approach
provides insights into a phenomenological perspective on concept
learning, which is yet understudied in the education sciences, at least.
This is particularly relevant in curriculum development activities or
processes where testing pedagogical methods is demanded.

While many scholars have sought to promote embodied practices,
particularly by incorporating gestures and motion into learning pro-
cesses (Alibali & Nathan, 2012; Goldstone & Son, 2005; Hostetter &
Alibali, 2008), the role of reflection on experiences during this process
remains underexplored. Furthermore, in a practice designed for
embodied learning, we observe that when conceptual learning is driven
by students’ experiences, the teacher navigates according to how
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students collectively make sense of their engagements and reflective
processes. Observing and taking into consideration the individual ex-
periences students may have during the class may be a key point to
consider when developing embodied practices in teacher higher edu-
cation. This includes relational, creative, and argumentative processes
as part of learning goals.

In the past two decades, we have witnessed a significant increase in
empirical works under embodied cognition theories in education.
However, we agree with Francesconi (2023) that theoretical and critical
reflections on how 4E cognition approaches answering broader educa-
tional questions are still scarce. In future studies, researchers could find
new insights by integrating physiological data as part of methods for
analysing bodily engagements and movements. For example, using
eye-tracking to accurately capture gaze behaviours and patterns of in-
dividual attention to others bodily movements. Studies could also
further explore cultural differences in this embodied sense-making,
revealing different nuances of the phenomenon that could open a
broader educational discussion.
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