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Abstract- Embodied learning has emerged as a powerful
pedagogical approach that challenges the traditional
separation of mind and body in higher education.
Drawing on theories of embodied cognition, this
conceptual paper develops a comprehensive framework
for embodied learning in higher education and proposes
a Technology-Enhanced Embodied Learning (TEEL)
model aligned with contemporary institutional and
disciplinary needs. Using an integrative review and
theoretical synthesis approach, the paper outlines key
dimensions of embodied learning, elaborates a five-stage
TEEL model

The study argues that learning is fundamentally
grounded in bodily action, perception, emotion, and
social interaction, and that digital technologies can
meaningfully amplify, rather than replace, these
embodied experiences.

The paper synthesizes insights from cognitive science,
educational theory, and technology-enhanced learning to
present a five-stage Technology-Enhanced Embodied
Learning (TEEL) model.

The paper also contributes to the growing discourse on
experiential and learner-centred pedagogies and offers
practical implications for educators, teacher educators,
and policy-makers seeking to transform higher
education.
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[. INTRODUCTION

Higher education is changing dramatically today. New
technologies are reshaping how we teach and learn,
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students come from more diverse backgrounds than
ever, and knowledge increasingly crosses traditional
boundaries. At the same time, global policies are
pushing innovation, employability, and lifelong
learning (OECD, 2019; UNESCO, 2021). Universities
are not only passing information but also creating
dynamic environments that demand teaching methods
fostering adaptability, creativity, and deeper
understanding (Barnett, 2011& Laurillard, 2012).

Despite these institutional transformation, empirical
studies consistently report that teaching practices in
higher education remain predominantly lecture-based,
text-centric, and cognitively abstract (Bligh, 2000;
Biggs & Tang, 2011). In a landmark meta-analysis
across STEM disciplines, demonstrated that
traditional lecture methods are associated with lower
student performance and higher failure rates compared
to active learning approaches (Freeman et al., 2014).
These pedagogical traditions, rooted in Cartesian
mind-body dualism, tend to privilege disembodied
cognition while marginalizing learners’ bodily,
emotional, and experiential dimensions (Damasio,
1994; Shapiro, 2011). As a result, students often
exhibit disengagement, surface-level learning, and
limited ability to transfer theoretical knowledge to
authentic professional or social contexts (Entwistle &
Ramsden, 1983; Hattie, 2009).

Embodied learning in response to these limitations,
has emerged as an alternative pedagogical approach
grounded in theories of embodied cognition, this
approach challenges the assumption that cognition is
confined to the brain. It is now demonstrated that
abstract reasoning is fundamentally shaped by bodily
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experience and metaphorical mappings derived from
sensorimotor interaction (Lakoff and Johnson, 1999).
Similarly, grounded cognition, argued that conceptual
knowledge is constituted through perceptual, motor,
and affective systems rather than amodal symbolic
representations (Barsalou, 2008).

Neuroscientific research further substantiates these
claims. Studies on mirror neurons show that observing
or imagining action activates the same neural circuits
involved in performing that action, thereby linking
movement, understanding, and empathy (Rizzolatti
and Sinigaglia, 2010). Cognition has been described as
something that is deeply connected to the body and the
environment. Rather than seeing thinking as a purely
mental process, it is understood as something that
happens through active engagement with the world
(Wilson, 2002; Varela, Thompson, & Rosch, 1991).
These scholars explain that learning takes place
through action and experience, not through passive
listening or memorisation alone.

In the field of education, this understanding has led to
the idea of embodied learning, which views
knowledge as a holistic process. It emphasises that
learning involves the integration of action, perception,
emotion, and reflection, rather than focusing only on
abstract thinking.

While embodied approaches have been extensively
explored in early childhood education (Glenberg et al.,
2011) and special education (Kontra et al., 2015), their
systematic adoption in higher education has been
slower to adopt embodied pedagogies due to
disciplinary traditions, assessment constraints and
large-class formats (Lindgren and Johnson-Glenberg,
2013) Nevertheless, emerging research in science
education (Kontra et al., 2015), medical education
(Finn & McDonald, 2011), and teacher education
(Kleinsasser, 2014) shows that embodied strategies
significantly improve students’ understanding and
retention of abstract concepts compared to instruction
based only on verbal explanation.

Concurrently, the rapid growth of educational
technologies has also changed the teaching and
learning environment in higher education. Tools such
as virtual reality (VR), augmented reality (AR),
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simulations, motion-sensing technologies, learning
analytics, and artificial intelligence (AI) have created
new opportunities for immersive and interactive
learning (Radianti et al., 2020; Makransky & Petersen,
2019). Research suggests that immersive technologies
can improve spatial understanding, create realistic
learning experiences, and increase student motivation
(Makransky et al., 2020).

However, some scholars argue that the use of
technology in higher education often focuses more on
efficiency, large-scale delivery, and content
transmission rather than on deep understanding and
meaningful engagement (Selwyn, 2016; Kirkwood &
Price, 2014).

This gap reveals a critical pedagogical gap that
although technology offers strong possibilities for
experiential learning, its full educational value is not
realised without clear pedagogical guidance. Research
suggests that when digital tools are not grounded in
learning theory, they may simply reproduce traditional
lecture-based  methods in  more advanced
technological forms (Dede, 2014).Embodied
pedagogy offers a strong theoretical foundation for
integrating technology in meaningful ways. It ensures
that digital learning environments enhance students’
physical, sensory, and emotional involvement in
learning, rather than replacing or reducing it.

Against this backdrop, the present study argues that
embodied pedagogy and educational technology need
to be carefully and systematically integrated in order
to promote meaningful and transformative learning in
higher education. Drawing on ideas from embodied
cognition, experiential learning theory (Kolb, 1984),
and research on technology-enhanced learning, this
paper proposes three closely connected objectives:

(a) to develop a comprehensive conceptual framework
for embodied learning in higher education, and
(b) to propose a Technology-Enhanced Embodied
Learning (TEEL) model that operationalizes
embodied pedagogy through digital tools.
By addressing the theoretical, pedagogical, and
technological dimensions of learning in an integrated
manner, the study responds directly to contemporary
higher education imperatives emphasizing learner-
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centeredness, innovation, and real-world relevance, as
articulated in international policy frameworks

II. THEORETICAL BACKGROUND
2.1 Embodied Cognition

The concept of embodied learning is theoretically
grounded in the paradigm of embodied cognition,
which represents a significant departure from classical
cognitivist and information-processing models of the
mind. Traditional cognitive theories, influenced by
Cartesian dualism, conceptualized cognition as an
abstract, symbolic process occurring independently of
the body and environment (Newell & Simon, 1972).
In contrast, embodied cognition theorists argue that
cognitive processes are fundamentally shaped by the
body’s sensorimotor capacities and its interaction with
the physical and social world.

A seminal contribution to this perspective (Lakoff and
Johnson, 1999) proposed that human reasoning is
deeply rooted in bodily experience and structured
through conceptual metaphors derived from physical
action and perception. This theory reflected that
abstract concepts such as time, causality, balance, and
power are understood through metaphorical mappings
grounded in embodied experience challenging the
assumption that higher-order cognition is purely
symbolic and detached from bodily engagement.

Based on this foundation theory of grounded cognition
was proposed (Barsalou, 2008) which argued that
conceptual knowledge is represented through
perceptual and motor simulations rather than amodal
symbols. This research demonstrated that when
individuals process concepts, they partially reactivate
the same neural systems involved in perceiving,
acting, and feeling in real-world situations. Thus,
cognition is enacted through the body rather than
merely represented in the mind.

Empirical support for embodied cognition has been
provided by neuroscientific research. Studies using
functional magnetic resonance imaging (fMRI) have
shown that sensorimotor regions of the brain are
activated during tasks involving conceptual
understanding (Pulvermiiller, 2005; Gallese & Lakoff,
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2005). Particularly influential is the discovery of
mirror neurons (Rizzolatti et al, 1996), which
demonstrated that neurons involved in performing an
action are also activated when observing or imagining
the same action. Subsequent studies (Iacoboni, 2009)
linked mirror neuron activity to imitation, empathy,
and social understanding, reinforcing the idea that
cognition, emotion, and action are neurologically
intertwined.

Collectively, these findings suggest that bodily
engagement is not an auxiliary component of learning
but a central mechanism through which meaning is
constructed. Learning, from an embodied cognition
perspective, is therefore inseparable from movement,
perception, and affective experience.

2.2 Experiential, Constructivist, and Sociocultural
Perspectives

Embodied learning is further supported by experiential
learning theory (Kolb, 1984) conceptualizing that
learning as a cyclical process involving four stages:
concrete experience, reflective observation, abstract
conceptualization, and active experimentation. This
model emphasizes that knowledge emerges through
the transformation of experience, aligning closely with
embodied pedagogy’s focus on action, reflection, and
application.

Constructivist theories (Piaget, 1970), posit that
learners actively construct knowledge through
interaction with their environment rather than
passively receiving information. From a constructivist
standpoint, learning is an adaptive process shaped by
physical manipulation, exploration, and feedback.
Embodied learning operationalizes constructivist
principles by situating cognition within bodily action
and lived experience.

The sociocultural perspective, particularly theory of
mediated learning (Vygotsky’s, 1978), provides an
additional layer of theoretical support. It emphasized
that cognitive development is socially situated and
mediated through tools, language, and cultural
practices. While his work primarily focused on
symbolic mediation, contemporary scholars have
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extended this framework to include the body as a
mediational means (Roth, 2001; Radford, 2009).

From this perspective, bodily actions such as gesture,
posture, gaze, and spatial orientation function as
semiotic resources that support thinking and
communication. Research demonstrated that gestures
play a critical role in learning by externalizing thought
processes and reducing cognitive load ( Goldin-
Meadow, 2003). Similarly, Alibali and Nathan (2012)
showed that gestural enactment supports conceptual
understanding in mathematics and science education.

In higher education contexts, where learning often
involves abstract, theoretical, and symbolic content,
embodied strategies serve as cognitive anchors that
bridge theory and practice. By grounding abstract
concepts in bodily experience, embodied pedagogy
enhances conceptual clarity, retention, and transfer of
learning.

2.3 Technology-Enhanced Learning

Technology-enhanced learning (TEL) has evolved
significantly over the past three decades, transitioning
from computer-assisted instruction to complex,
immersive, and interactive learning environments.
Early TEL research focused on efficiency, access, and
content delivery (Clark, 1983), while later studies
emphasized learner control, personalization, and
collaboration (Laurillard, 2012).

Contemporary TEL encompasses technologies such as
virtual reality (VR), augmented reality (AR),
simulations, motion-sensing  devices, learning
analytics, and artificial intelligence. Research has
demonstrated that these technologies can enhance
visualization, engagement, and experiential learning
(Makransky & Petersen, 2019). However, scholars
have also cautioned that technology alone does not
guarantee meaningful learning. It was argued that
without pedagogical intentionality, digital tools often
reproduce passive, transmission-oriented teaching
practices (Kirkwood & Price, 2014).

Critiques of TEL highlight the risk of technological
determinism, where tools drive pedagogy rather than
pedagogical principles guiding technology wuse
(Selwyn, 2016). In response, embodied pedagogy
offers a principled framework for integrating
technology in ways that extend rather than replace
embodied experience. Technologies such as VR and
AR are particularly well suited to embodied learning,
as they enable learners to interact physically and
sensorily with simulated environments (Johnson-
Glenberg et al., 2014).

By aligning technological affordances with embodied
cognition principles, educators can design learning
environments that support active participation,
emotional engagement, and conceptual grounding.
Thus, technology-enhanced embodied learning
represents a synthesis of embodied cognition,
experiential pedagogy, and digital innovation,
positioning technology as a mediational tool that
amplifies human action and understanding.

III. CONCEPTUAL FRAMEWORK FOR EMBODIED LEARNING IN HIGHER EDUCATION

The proposed conceptual framework conceptualizes embodied learning as the dynamic interaction of four core
dimensions: cognitive, physical, affective, and technological
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experiences
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Figure 1. Conceptual Framework for Embodied Learning in Higher Education.

The figure depicts embodied learning as emerging
from the dynamic interaction of four dimensions;
cognitive, physical, affective, and technological,
highlighting how  bodily action, emotional
engagement, conceptual mapping, and digital
augmentation collectively contribute to deeper
understanding, engagement, and durable knowledge
construction in higher education contexts.

3.1 Cognitive Dimension

The cognitive dimension encompasses conceptual
understanding, critical thinking, problem-solving, and
metacognition. Embodied activities are designed to
support abstraction by grounding concepts in concrete
bodily experience. Physical enactment enables
learners to externalize and manipulate ideas,
facilitating deeper processing and retention.
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3.2 Physical Dimension

The physical dimension includes movement, gesture,
posture, spatial navigation, and sensory engagement.
Learning tasks may involve role-play, simulation,
manipulation of objects, or whole-body movement.
These activities are intentionally aligned with learning
outcomes rather than serving as add-ons.

3.3 Affective Dimension

Emotion plays a critical role in attention, motivation,
and memory. Embodied learning often evokes
curiosity, enjoyment, empathy, and a sense of
presence. By engaging learners emotionally,
embodied pedagogy enhances intrinsic motivation and
supports inclusive participation.

3.4 Technological Dimension
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Technology acts as an amplifier of embodied
experience. Tools such as VR, AR, motion tracking,
and haptic interfaces extend learners’
possibilities and enable visualization of otherwise
invisible processes. Technology is positioned as
mediational rather than determinative.

action

IV. TECHNOLOGY-ENHANCED EMBODIED
LEARNING (TEEL) MODEL

The Technology-Enhanced Embodied Learning
(TEEL) model operationalizes the conceptual
framework into a five-stage pedagogical process
suitable for higher education contexts (see Figure 2).

Technology-Enhanced Embodied Learning (TEEL) Model

A Five-Stage Pedagogical Process

1. EMBODIED 2. TECHNOLOGICAL
ENGAGEMENT MEDIATION

= >

St ="

3. CONCEPTUAL 4. REFLECTIVE 5. TRANSFER AND
MAPPING INTEGRATION APPLICATION
a
&l o G
AaNUIRCILINURN /]

Learners participate in a
bodily or sensory activity
that introduces the
concept.

Examples: movement,
gesture, enactment,
interaction with physical
or virtual objects.

Digital tools are introduced
to extend or visualize the
embodied experience.

Examples: VR simulations,
AR overlays, motion-capture
feedback, interactive
visualizations.

Learners explicitly connect
embodied experiences

Learners reflect on their
experiences using

with disciplinary ¥
through discussion,
diagrams, and symbolic
representation.

Examples: concept maps,
models, equations,

structured discussions.

FEEDBACK LOOP

flective journals, blogs,
or digital portfolios,
integrating cognitive and
affective insights.
Examples: reflective
Jjournals, blogs, e-portfolios,
peer feedback.

Insights from application inform and enhance future embodied engagement,
making learning iterative, adaptive, and continuously improving.

THEORETICAL FOUNDATION

Learners apply embodied
understanding to new
contexts, demonstrating
conceptual transfer and
professional relevance.

Examples: real-world
problems, case studies,
projects, internships,
simulations.

Embodied Cognition e Experiential Learning e Constructivism e Self-Determination Theory e Reflective Practice

Figure 2. The Technology-Enhanced Embodied Learning (TEEL) Model.

Stage 1: Embodied Engagement

Learners participate in a bodily or sensory activity that
introduces the concept. This may involve movement,
gesture, enactment, or interaction with physical or
virtual objects.

Stage 2: Technological Mediation

Digital tools are introduced to extend or visualize the

embodied experience. Examples include VR
simulations, AR overlays, or motion-capture
feedback.

Stage 3: Conceptual Mapping
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Learners explicitly connect embodied experiences
with disciplinary concepts through discussion,
diagrams, and symbolic representation.

Stage 4: Reflective Integration

Learners reflect on their experiences using reflective
journals, blogs, or digital portfolios, integrating
cognitive and affective insights.

Stage 5: Transfer and Application

Learners apply embodied understanding to new

contexts, demonstrating conceptual transfer and
professional relevance.
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V. ETHICAL CONSIDERATIONS AND
INCLUSIVITY

Implementing embodied learning in higher education
requires careful attention to ethical considerations,
including accessibility, learner comfort, and cultural
sensitivity. Not all learners may feel equally
comfortable with physical movement due to physical
ability, cultural norms, or personal preferences. The
TEEL model emphasizes flexibility and -choice,
allowing learners to engage at varying levels of
embodiment.

Universal Design for Learning (UDL) principles can
be integrated to ensure that embodied activities remain
inclusive. Technology can support accessibility
through adaptive interfaces, alternative
representations, and assistive tools.

VI. EXPANDED DIRECTIONS FOR FUTURE
RESEARCH

Future research should examine the longitudinal
impact of embodied and TEEL-based pedagogies on
learning outcomes, professional competencies, and
learner identity formation. Quantitative studies may
investigate cognitive load, retention, and transfer,
while qualitative studies can explore learner
experience, emotion, and embodiment. Design-based
research approaches are particularly well-suited for
refining embodied pedagogical models in authentic
higher education contexts.

Cross-cultural studies are needed to understand how
embodied learning is interpreted and enacted across
diverse educational traditions. Additionally, research
on Al-supported embodied learning environments
represents a promising frontier.

VII. CONCLUSION

Embodied learning  challenges  conventional
pedagogical assumptions by recognizing the body as
central to cognition, emotion, and meaning-making.
The Technology-Enhanced Embodied Learning
(TEEL) model proposed in this paper provides a
systematic and scalable framework for integrating
embodied pedagogy with digital technologies in
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higher education. By aligning theory, practice, and
policy, the model offers a pathway for transforming
teaching—learning processes in line with contemporary
educational goals. The paper contributes a robust
conceptual foundation and practical guidance for
educators, researchers, and institutions committed to
innovative and inclusive higher education.
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