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General topic of the learning path

Bio-photonics

Specific name of the learning unit

Photobiomodulation — How Low-Level Light Helps|
the Body Heal

Age of the target users

16-18 years

Requirements for the learner

To fully benefit from this learning unit on
Photobiomodulation (PBM), learners should have
a basic understanding of human biology, including
cells, mitochondria, and energy metabolism.
Familiarity with light properties, such as
wavelength and intensity, will help in
understanding how red and near-infrared (NIR)
light interacts with tissues. Learners should also
be comfortable with digital learning environments
and using interactive tools, as the unit includes
Augmented Reality (AR) simulations, quizzes,
and hands-on exercises. Critical thinking and
curiosity are encouraged to analyze observations
and reflect on real-world applications of PBM in
health, sports, and daily life. No prior experience
with phototherapy is required, but an interest in
exploring how low-level light can stimulate cellular
processes and support tissue healing will
enhance the learning experience.

Description of the learning unit

This learning unit on Photobiomodulation (PBM)
introduces students to the scientific principles and
practical applications of low-level red and
near-infrared (NIR) light in supporting cellulan
energy and tissue healing. Through a combination|
of theoretical explanations, interactive exercises,
and Augmented Reality (AR) simulations, learners
explore how light penetrates skin, fat, and muscle
layers to reach mitochondria, triggering ATP
production and promoting repair  and
regeneration. The unit includes hands-on
activities that allow students to observe cellular




processes, analyze the effects of different light
parameters, and reflect on real-world applications,
such as wound healing, muscle recovery, and
overall wellbeing. By integrating science,
technology, and experiential learning, the unit
helps students connect abstract biological
concepts to practical outcomes, fostering both
understanding and critical thinking about the
therapeutic potential of PBM.

Subject: Parties involved

Biology, Physics / Optics, Medicine / Health
Sciences, Technology / Informatics, Science

Keywords

Photobiomodulation
Mitochondria

ATP Production
Red/NIR Light
Tissue Healing

Key qualifications, skills and knowledge
that can be acquired

By completing this learning unit, students acquire
a solid understanding of the scientific principles
behind photobiomodulation (PBM), including how
red and near-infrared (NIR) light interacts with
biological tissues and stimulates mitochondrial
activity. Learners gain knowledge of cellulan
energy production, ATP synthesis, and the role of
light in supporting tissue repair and regeneration.
They develop practical skills in observing and
analyzing biological processes through interactive)
exercises and Augmented Reality (AR
simulations, enhancing their ability to interpret
complex phenomena visually and conceptually.
Critical thinking and problem-solving are
strengthened as students reflect on experimental
results and predict the effects of PBM in various
contexts. Additionally, learners enhance their
digital literacy and competence with interactive
tools, preparing them to apply theoretical
knowledge to real-world scenarios in health,
sports, or clinical applications.

Resources and didactic aids used

This learning unit employs a variety of resources
and didactic aids to support both theoretical
understanding and practical experience. Key
resources include scientific texts, diagrams, and
animations that illustrate cellular structures,
mitochondrial function, and ATP production. Shor]
videos and visual comparisons help students
grasp how red and near-infrared (NIR) light
interacts with tissues and stimulates healing
processes. Augmented Reality (AR) simulations
allow learners to explore light penetration,
mitochondrial activation, and tissue repair in an
immersive, interactive environment, making
invisible biological mechanisms visible.

Worksheets, guided exercises, and quizzes




reinforce learning, while case studies highlight
real-world applications in clinical, sports, and
wellness contexts. These tools are complemented
by digital platforms and collaborative discussion
spaces, enabling students to share observations,
reflect on outcomes, and connect theoretical
concepts to practical applications, ensuring an
engaging and comprehensive learning
experience.

Assessment criteria and evaluation

Learners will be assessed based on their
understanding of photobiomodulation principles,
ability to apply theoretical knowledge to practical
scenarios, and engagement with interactive)
exercises. Assessment criteria include accurate
identification of light wavelengths, tissue layers,
and mitochondrial responses, correct]
interpretation of ATP production mechanisms, and
the ability to explain how PBM supports tissue
healing and recovery. Students’ participation in
Augmented Reality (AR) simulations and
completion of guided exercises will be evaluated,
including their capacity to manipulate variables,
make observations, and draw evidence-based
conclusions. Reflection activities and quizzes will
assess critical thinking and the ability to connect
cellular processes to real-world applications.
Collaboration, clarity of explanations, and depth of
understanding will also be considered. Evaluation
combines  formative  assessment  through
interactive tasks and quizzes, with summative]
assessment based on reports, presentations, and
reflection outputs, ensuring a comprehensive

measure of both knowledge and applied skills.




Introduction:

ave you ever wondered if light could heal your body? It might sound like
science fiction, but it is very real, and recent research has shown that light can
have profound effects on our biology. Scientists have discovered that low-level
red or near-infrared (NIR) light can stimulate your body’s natural repair
processes, activating cells in ways that were once thought impossible. This
fascinating process is known as photobiomodulation (PBM).

Unlike high-power lasers used in surgical procedures, which are invasive and
require specialized medical training, PBM is safe, gentle, and non-invasive,
making it accessible for everyday use. From physical therapy and sports
recovery to minor wound care and skincare, PBM allows your body to utilize
its own energy and resources more efficiently. Essentially, it helps your cells
work smarter, not harder, accelerating healing without the need for drugs or
surgery.

PBM works by targeting the mitochondria, often called the powerhouses of the
cell. These tiny structures convert nutrients into ATP (adenosine triphosphate),
the energy currency that powers almost every cellular function. When
mitochondria are stimulated by red or NIR light, they produce more ATP, giving
cells extra energy to repair tissues, reduce inflammation, and restore function
faster than they would on their own. /t's like giving your cells a turbo boost for
healing.

Beyond its scientific effects, PBM is also inspiring in its connection to everyday
life. The light we encounter daily—sunlight, lamps, or screens—can influence
biological processes. PBM harnesses a very specific portion of the light
spectrum that penetrates deep into tissues, reaching exactly the parts of your
body that need it most. This makes it a fascinating example of how
understanding the natural world can lead to technologies that support health
and performance in simple, non-invasive ways.

Big Idea: Red/NIR light — stimulates mitochondria — produces more ATP —
tissues heal faster.

In this unit, you will explore multiple dimensions of photobiomodulation,
including:



* How light interacts with your body at the cellular level, helping you visualize
what is normally invisible inside each cell

w PBM supports the healing of wounds, the reduction of inflammation,
d muscle recovery, linking scientific principles to tangible outcomes

» Safe and practical ways to explore the effects of light through hands-on
experiments, allowing you to engage with science directly

* Interactive AR simulations that show mitochondria in action and ATP
production in real time, making invisible processes visible and connecting
theory with immersive learning experiences

Through this exploration, you will gain a comprehensive understanding of
PBM, from the fundamental physics of light to the practical applications that
make it a powerful tool for health and performance.

Engagement Videos: “Light That Heals: Introduction to Photobiomodulation”

https://www.youtube.com/watch?v=\WAsbDyRZhW4

https://www.youtube.com/watch?v=CQ3tCIDC9vQ
https://www.youtube.com/watch?v=f Uk4kV5As8



https://www.youtube.com/watch?v=WAsbDyRZhW4
https://www.youtube.com/watch?v=CQ3tClDC9vQ
https://www.youtube.com/watch?v=f_Uk4kV5As8

Section 1: Explore

Understanding Light and Its Powers

Light is not just something we see; it is a form of energy that travels in waves,
each wave carrying a specific amount of energy determined by its wavelength.
The wavelength of light determines its color and, crucially, how deeply it can
penetrate matter. Shorter wavelengths, like blue and violet, are energetic but
tend to scatter or get absorbed near the surface. Longer wavelengths, like red
(600-700 nm) and near-infrared (NIR, 780-1100 nm), can travel deeper,
reaching the hidden layers of tissues where they perform their therapeutic
magic.

Light as a Forest of Colors

Imagine walking in a dense forest at noon. Sunlight pours down from above,
but not all colors of light reach the forest floor. Blue and green light are mostly
absorbed or scattered by the leaves, barely touching the plants below. Red
and orange light, however, filter through the canopy, reaching the forest
understory and nourishing the plants there.

In your body, the situation is similar. The “canopy” is made of skin, fat, and
other tissues. Red and NIR light act like the filtered sunlight that can penetrate
this canopy, reaching the “understory” — the mitochondria within your cells —
without causing any harm.

Visual metaphor / schematic idea:

Sunlight (full spectrum)

}
Canopy (skin & tissue)

Blue/Green — mostly absorbed
Red/NIR — penetrates deeper

!
Forest floor — mitochondria inside cells



Photons: Tiny Messengers

t consists of photons — the smallest packets of energy. You can think of
otons as tiny messengers, each carrying an “instruction” to the cells. When
red or NIR photons reach mitochondria, they deliver this message: “Produce
more energy!”

Light's Role in Healing
By enhancing ATP production, red and NIR light accelerate the body’s natural
repair mechanisms:

. Cells fix damage faster.

. Oxidative stress is reduced.

. Overall cellular function improves.

In essence, light is more than illumination — it is a biological messenger,

capable of influencing life at the molecular level. Like sunlight nurturing the
hidden forest floor, it energizes the deepest layers of the body, promoting
healing and vitality from within.

Diving into Cells and Mitochondria

Cells are the building blocks of all living things, and mitochondria are their
powerhouses. Think of a mitochondrion as a tiny factory inside the cell, where
fuel is converted into energy in the form of ATP (adenosine triphosphate).
Every movement, every heartbeat, every repair process in your body requires
ATP.

PBM provides an extra energy boost by stimulating mitochondria with light.
This extra energy is crucial for repairing damaged tissues, reducing
inflammation, and speeding up recovery. It’s like providing extra workers and
machinery in a factory to finish an important project faster.

Why Red and NIR Light Work Best

Inside mitochondria, a molecule called cytochrome ¢ oxidase - a molecule that
acts like a gatekeeper for cellular energy production- absorbs photons from
red and NIR light. This triggers a series of chemical reactions, which leads to
more ATP — the molecule that powers almost all cellular functions- production
and less oxidative stress. The result is healthier, more active cells that can
respond to injury or strain more efficiently.



UNDERSTANDING LIGHT
AND ITS POWERS

Light is energy in the form of waves.

the body and what it can do at the cellular level.
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Exploring PBM in Everyday Life

PBM is not just a lab phenomenon; it's used in real-world applications across
medicine and sports. Clinics use it to heal wounds faster, reduce inflammation,
and accelerate recovery from muscle injuries. Athletes use PBM for
post-training recovery to reduce fatigue and soreness. Even dental clinics
employ PBM to reduce swelling and discomfort after procedures.

Imagine a soccer player with a sprained ankle. Normally, it might take two
weeks to regain full function. With PBM, the ankle heals faster because the
cells have more energy to repair tissues. Even minor injuries or post-workout
soreness can be alleviated more quickly.

Reflection Prompt:
Discuss in small groups: If you could use PBM on an injury or after a tough
workout, how would it help your recovery? What precautions would you take?




Activity
Try to find other Videos about “PBM in Action: Real-World Healing Examples”
showing scenarios such as muscle recovery, wound healing, and reduction of

‘The Science Behind Healing

It's fascinating to see how light, something we take for granted, can have such
profound effects at a microscopic level. PBM reminds us that our bodies are
finely tuned systems that respond to energy in very precise ways. By
understanding the science behind PBM, we gain insight into cellular
processes, energy production, and the potential for non-invasive therapies to
improve health.

This section encourages students to think critically and imagine applications in
daily life, sports, and medical settings. Students can ask: How might PBM help
an athlete vs. a patient with a chronic wound? Why is wavelength important?
What could happen if the light intensity is too high or too low?



Se

ion 2: Execute

The Execute section of this learning unit on Photobiomodulation (PBM)
is designed to immerse students in active, hands-on learning, bridging
the gap between theoretical knowledge and practical experience. While
the previous section introduces the fundamental principles of PBM,
including the interaction of red and near-infrared light with biological
tissues, the Execute section allows students to observe these concepts
in action, providing a tangible understanding of how PBM affects cells,
tissues, and biological systems.

Through carefully structured activities, students will have the opportunity
to conduct experiments, make detailed observations, and analyze
outcomes. For example, they might explore how different wavelengths
of light penetrate tissue models, or how PBM influences cellular activity
in controlled environments. This experiential approach encourages
learners to actively engage with the material, fostering critical thinking,
curiosity, and scientific reasoning.

In addition, the section emphasizes discussion and reflection, prompting
students to compare their experimental results with theoretical
predictions and to consider real-world applications of PBM, from clinical
therapies to wellness practices. By combining observation,
experimentation, and guided dialogue, the Execute section transforms
abstract concepts into meaningful, memorable learning experiences.
Ultimately, students will leave this section with a deeper appreciation for
both the scientific principles and practical relevance of
photobiomodulation, preparing them to apply this knowledge in
research, healthcare, or further studies.

Activity 1: Observing Light
Use a prism or colored filters to explore how light behaves. Observe

which colors pass through materials and which are blocked. Record
your observations in a table, noting the color, penetration potential, and
notes.

This simple activity helps students understand why red and NIR light
can reach deep tissues.

Discuss in groups: How does this relate to PBM? Why might certain
wavelengths be more effective for healing than others?



ctivity 2: Mitochondria Analogy

/

Build a simple “cell factory” model using paper cups, balls, or other
small objects to represent ATP molecules. Use a red flashlight to
simulate PBM light. Watch as the “factory” produces more ATP under
the light. Reflect on how extra energy helps repair processes in the
body.

Write a short narrative describing the model: How does this analogy
help you understand mitochondria activation? What happens when
energy is low?

Activity 3: Case Studies
Investigate PBM applications in clinics or sports:

. Post-injury muscle recovery
. Dental swelling reduction
. Skin wound healing

For each case, write a brief report: What was the problem? How was
PBM applied? What was the outcome? Discuss why PBM was effective
in these scenarios and relate it to cellular energy production.

Activity 4: Designing a PBM Device
Students collaborate to design a hypothetical PBM device:

. Choose wavelength (red or NIR)
. Decide on intensity and duration
. Predict which tissues would benefit most

Present designs to the class, justifying choices based on what you
learned about light penetration, mitochondria, and ATP production.

Activity 5. Extended Reflection

Imagine a scenario where PBM could improve daily life: post-sport
recovery, minor injuries, or even study-related stress (through muscle
tension relief). Write a narrative connecting theory to application,
encouraging deeper understanding and personal engagement.




ion 3: Enhance

ugmented Reality for Deeper Understanding

In this part of the learning unit, students enter the immersive world of
augmented reality, where they can explore and manipulate biological
processes that are normally invisible to the naked eye. Unlike traditional
lessons, this section invites learners to see, interact with, and
experiment on cellular mechanisms, making abstract concepts tangible
and memorable. Through six carefully designed scenes, students can
follow the journey of light as it travels from the surface of the skin all the
way to the mitochondria, witnessing in real time how
photobiomodulation influences cellular activity and tissue repair.

The AR journey begins with Scene 1: Introduction. Students see the title
"Photobiomodulation: How Low-Level Light Stimulates Healing"
displayed in three-dimensional text against the AR environment. A
START button invites them to begin the exploration, creating
anticipation and focus before diving into the science.

Scene 2: Light Spectrum & Tissue Penetration combines two
fundamental concepts in a single immersive experience. Students first
visualize red and near-infrared (NIR) light waves (600-700nm and
700-1100nm) within the electromagnetic spectrum, comparing these
therapeutic wavelengths to other colors of light. They then observe how
these wavelengths interact with the layered structure of skin, fat, and
muscle, watching light navigate biological barriers to reach deep
tissues. The AR environment displays two side-by-side diagrams: the
spectrum showing highlighted therapeutic wavelengths, and a tissue
cross-section demonstrating that UV and blue light stop at the surface
while red and NIR photons travel deep into muscle tissue.

By observing how different wavelengths behave, learners gain an
intuitive understanding of the physical properties that make PBM
effective, bridging the gap between physics and biology in a way that
traditional diagrams cannot convey.



This interactive exploration emphasizes the pathway that photons take,
showing that the body's surface is not a static barrier but a dynamic
medium that influences therapeutic outcomes.

Scene 3: Cells and Mitochondria brings students even closer to the
action. They can virtually zoom into a single cell and observe its
mitochondria in stunning detail. The AR simulation shows mitochondria
absorbing photons and initiating the biochemical processes that lead to
energy production. A quiz challenges students to identify which
molecule in mitochondria absorbs red and near-infrared light, reinforcing
their understanding of cytochrome c oxidase as the key photoacceptor.

This close-up perspective allows learners to connect the dots between
light exposure and cellular activation, seeing firsthand how PBM
stimulates life at a microscopic level.

In Scene 4: ATP Production Mechanism, the AR experience transforms
molecular biology into a visible spectacle. Students watch photons
trigger chemical reactions inside the mitochondria, leading to the
production of ATP molecules. They can follow these molecules as they
are distributed throughout the cell to support repair, growth, and
energy-demanding processes. A quiz asks students to explain how
photobiomodulation stimulates healing, ensuring they grasp the
connection between increased ATP production and accelerated tissue
repair.

By visualizing these reactions, learners gain a concrete understanding
of how light translates into cellular energy—a concept that is abstract
and challenging when taught only through textbooks or static images.

Scene 5: Clinical Applications shifts the focus from cells to tissues and
real-world relevance. Students interact with virtual representations of
tissues, simulating scenarios such as wound healing, muscle recovery,
and scar reduction. By comparing treated versus untreated tissues,
learners can see the tangible effects of PBM and understand why it has
therapeutic value. A quiz challenges students to explain how
photobiomodulation differs from surgical lasers, emphasizing that PBM
uses low-level light to stimulate rather than ablate tissues.

This scene encourages reflection on how microscopic changes translate
info observable improvements in health and performance, bridging
science with practical application.



Finally, Scene 6: Medical Applications & Final Assessment consolidates
rning through three comprehensive quizzes. Students must
emonstrate mastery by correctly answering questions about: (1) which
wavelengths are used in photobiomodulation therapy (red 600-700nm
and NIR 700-1100nm), (2) why red and NIR wavelengths penetrate
deeper than blue light, and (3) clinical applications including wound
healing, muscle recovery, and inflammation reduction. Successfully
completing all three quizzes unlocks the final congratulations message:
'You now understand how low-level red and near-infrared light
stimulates mitochondria to accelerate healing and reduce inflammation.'
This achievement-based conclusion provides students with a sense of
mastery and accomplishment.

Conclusion:

As you reach the end of this learning path, take a moment to reflect on
the journey you’ve just experienced. You started by exploring the
invisible world of light and cells, where red and near-infrared photons
quietly travel through layers of skin, fat, and muscle, reaching the tiny
powerhouses inside your cells—the mitochondria. Through the AR
exercises, you didn’t just read about these processes—you saw them
unfold. You watched photons being absorbed, chemical reactions
springing to life, and ATP molecules being produced and sent
throughout the cell, fueling repair and regeneration. What was once
invisible is now vivid in your mind, almost tangible, and you can feel the
connection between light, energy, and life itself.

You also explored how these microscopic processes translate into
real-world effects. You manipulated virtual tissues, observing wounds
healing faster, muscles recovering, and scars softening under the
influence of PBM. You began to imagine how this knowledge could be
applied—not just in laboratories, but in clinics, sports arenas, or even in
everyday life, helping people recover, stay healthy, and maintain their
wellbeing. Each AR scene, each interactive experiment, brought you
closer to understanding how light doesn’t just illuminate—it *empowers
the body from within*.

By the end of this unit, you carry more than facts and figures. You carry
an experience, a story of light traveling through cells, igniting energy,
and supporting life in ways that are normally hidden from view. You've
witnessed the invisible become visible, the abstract become concrete,
and you’ve seen firsthand how photobiomodulation can transform both
cells and the human body. This is knowledge you don't just



memorize—you *experience, feel, and understand®, ready to apply in

Light has become more than a concept; it is now a tangible force of
healing, and you are equipped to see, explore, and harness its potential
In the world around you.

Phase Description

- Research and Discovery: Students investigate examples of photobiomodulation in real life
and medicine, such as wound healing, muscle recovery, scar reduction, and cognitive support.
Through guided research, videos, and classroom discussion, they explore how red and
near-infrared (NIR) light interacts with biological tissues, particularly mitochondria, and why
specific wavelengths are effective.

- Content Development: Teachers introduce the concept of light-tissue interaction and
mitochondrial activation using visual comparisons (light waves, tissue layers, cells,
mitochondria) and short animations showing how photons trigger ATP production. Diagrams
and conceptual models help students visualize processes that are invisible in real life.

Explore

- Needs Analysis: Teachers assess students’ prior knowledge about light, cells, and energy
production. Students share their ideas on how light could influence cellular function and
discuss misconceptions, such as confusing general light exposure with therapeutic effects.

- Curriculum Implementation: Students study how red and NIR light stimulates mitochondria
and enhances ATP production. Through guided worksheets and structured exercises, they
analyze the cascade of biochemical reactions triggered by photon absorption and explore how
increased ATP supports tissue repair and regeneration.

- Interactive Exercises: Students work in groups to complete activities, such as ordering tissue
layers by light penetration depth, matching light wavelengths to cellular targets, and describing
the steps of mitochondrial activation. Case studies on PBM applications—muscle recovery,
wound healing, or scar management—allow students to discuss efficacy and outcomes.

Execute

- Feedback Collection: Students present their findings and reflect on the mechanisms of PBM.
Teachers guide discussions on practical advantages, such as non-invasiveness and potential
therapeutic benefits. Peer exchange reinforces understanding and clarifies misconceptions
about light therapy.

- AR Integration: Students use an Augmented Reality (AR) application to visualize PBM
processes in 3D. The AR experience includes scenes showing red and NIR light waves, light
penetration through skin, fat, and muscle, and mitochondrial activation inside cells.

- Interactive Learning: Through AR, students can manipulate variables such as light
wavelength, intensity, or exposure duration, observing how these changes affect mitochondrial
ATP production and tissue repair. They see direct visualizations of processes normally invisible
to the naked eye.

Enhance



Gamified Content:

- Points and Badges: Students earn points for correctly answering AR quiz questions,
identifying tissue layers, or explaining mitochondrial responses.

-Quests and Levels: Groups complete progressive AR challenges, such as tracing light
pathways to mitochondria, predicting ATP production outcomes, and simulating PBM effects
on different tissue types.

- Rewards for Exploration: Additional points are awarded for discovering novel PBM
applications or proposing innovative therapeutic scenarios.

- Collaborative Gamified Tasks: Teams design AR-based experiments simulating PBM
treatment plans and discuss expected outcomes.

AR-Based Assessments: Students demonstrate comprehension by completing AR-guided
tasks, producing short reports explaining how red/NIR light interacts with mitochondria,

stimulates ATP production, and supports tissue healing.
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