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Human Evolution: From Early Hominins to Modern Humans

General topic of the learning
path

Evolutionary Biology and Bio-Inspired Adaptation

Specific name of the learning
unit

Human Evolution: From Early Hominins to Modern Humans

Age of the target users

14-18 years

Requirements for the learner

Basic knowledge of biology, including concepts such as adaptation,
ecosystems, and evolution. Familiarity with using smartphones or tablets|
for educational purposes is recommended. No prior experience with
Augmented Reality is required.

Description of the learning
unit

This learning unit explores human evolution as a bio-inspired process
shaped by environmental pressures and natural selection. Students
investigate how early hominins adapted to changing environments and
how these adaptations led to the emergence of modern humans.
Through the use of Augmented Reality, learners interact with 3D
models, evolutionary timelines, and skeletal comparisons, transforming
abstract evolutionary concepts into tangible and engaging learning
experiences.

Subject: Parties involved

Biology (evolutionary biology and human origins), STEM-based learning,
and Augmented Reality—supported education

Keywords

Human evolution, hominins, bio-inspiration, adaptation, fossils, natural
selection, Augmented Reality, 3D models, evolutionary timeline

Key qualifications, skills and
knowledge that can
lacquired

belDevelopment of critical thinking and comparative analysis skills

Understanding of human evolutionary processes and key evolutionary]
stages

Ability to analyze anatomical adaptations in relation to environmental
challenges

Improved spatial and visual reasoning through 3D exploration

Experience with AR-based scientific investigation and inquiry-based
learning

Resources and didactic aid
used

]

Augmented Reality applications and platforms (e.g. Delightex);3D|
evolutionary models (including human evolution models from Sketchfab);
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visual timelines and fossil reconstructions; mobile devices or tablets with
AR capabilities; teacher-guided discussion and reflection activities
Student learning is assessed through participation in AR-based activities,
completion of interactive exploration tasks, and contribution to
and|discussions and group work. Evaluation focuses on students’ ability to
identify evolutionary adaptations, explain relationships between
environment and anatomy, and apply bio-inspired reasoning. AR-based
assessments support formative evaluation, while reflective tasks provide
insight into conceptual understanding.

criteria
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on is a long and complex journey that spans millions of years. Understanding how
s gradually evolved into modern humans helps explain who we are today, how we
o changing environments, and why our bodies, brains, and behaviors are unique
iving species.

section introduces the key stages of human evolution, focusing on physical adaptations,
ironmental pressures, and technological developments that shaped our species.

Explore

1.1 What Is Human Evolution?

Human evolution refers to the gradual biological and cultural changes that led from early
hominin ancestors to Homo sapiens. These changes did not occur suddenly, but through small
adaptations accumulated over long periods of time. Fossil evidence, comparative anatomy, and
genetic studies allow scientists to reconstruct this evolutionary pathway and understand
relationships between different hominin species.

Human evolution (Image Source)

1.2 Early Hominins: The First Steps
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characteristics of early hominins include:

Upright posture and bipedal walking

Smaller brain size compared to modern humans
Strong jaws and large teeth adapted to a varied diet
Survival closely linked to environmental conditions

1.3 The Genus Homo: Tools, Fire, and Migration

With the emergence of the genus Homo, human evolution entered a new phase. Species such
as Homo habilis and Homo erectus developed more advanced stone tools, increased brain size,
and greater cognitive abilities. These innovations allowed early humans to hunt more effectively,
control fire, and migrate beyond Africa into new and challenging environments.

Important evolutionary developments include:

Growth in brain volume and problem-solving skills
Systematic tool production

Use of fire for warmth, protection, and cooking
Expansion into Europe and Asia

1.4 Neanderthals and Modern Humans

Neanderthals (Homo neanderthalensis) and early modern humans (Homo sapiens) shared
many similarities but also important differences. Neanderthals were well adapted to cold
climates, with robust bodies and powerful muscles, while modern humans developed lighter
skeletons, more complex social structures, symbolic thinking, and advanced communication.

Comparative studies show:

e Differences in skull shape and brain organization
e Distinct tool cultures and survival strategies
e Evidence of interaction and interbreeding between species

1.5 Fossils as Evidence of Evolution

Fossils are one of the most important sources of information about human evolution. By
comparing fossilized bones—especially skulls and limbs—scientists can identify evolutionary
trends such as changes in posture, brain size, and facial structure. Fossil evidence allows



0 place species on a timeline and understand how anatomical features evolved
step by step.

hy Human Evolution Is Difficult to Imagine

uman evolution is often challenging to understand because it involves:

e Extremely long time scales
e Species that no longer exist
e Gradual changes that are difficult to visualize

For this reason, visual tools such as timelines, 3D models, and skeletal comparisons are
essential for building a clear and meaningful understanding of evolutionary processes.

In the next section, learners will explore human evolution through interactive 3D models and a
visual timeline. Augmented Reality will allow students to observe, compare, and analyze
skeletal structures across different hominin species, turning evolutionary theory into a hands-on
investigative experience.

Execute

2.1 From Theory to Practice: Learning from Nature




Human Origins: 3D Models (Source)

Human &volution is a powerful example of bio-inspiration in action. Over millions of years,
selection shaped the human body, brain, and behavior as responses to environmental

In this section, students move from theoretical understanding to practical
ploration, analyzing how nature “designed” solutions for survival and adaptation.

~ Instead of learning evolution as a sequence of names and dates, learners investigate how
natural constraints (climate, food availability, movement) influenced physical structures and
behaviors — a mindset that mirrors how bio-inspired solutions are applied in modern
engineering, architecture, and design.

2.2 How Augmented Reality Supports the Learning Objective

The main objective of this unit is to help students understand evolution as a dynamic,
adaptive process, not a static historical list. Augmented Reality (AR) supports this goal by
transforming abstract evolutionary changes into observable, comparable, and interactive
elements.

Using an AR application, students:

Explore a 3D evolutionary timeline from early hominins to Homo sapiens
Observe and manipulate 3D skeletal and skull models

Compare anatomical adaptations across species in real time

Link environmental pressures to biological changes

Suggested AR features include:

e Interactive 3D models (skulls, skeletons, body proportions)

e Timeline-based navigation (scrolling through evolutionary stages)

e Hotspots revealing key adaptations (brain size, jaw shape, posture)
e Side-by-side comparison mode for different hominin species

These features allow students to actively construct understanding rather than passively receive
information.

2.3 Practical AR Exercise: Exploring Evolution through
Bio-Inspiration

Activity example: “Evolution as a Design Process”

Students use an AR scene containing a 3D human evolution model (such as the Sketchfab
model provided) placed on a classroom table or floor. The model presents several hominin
species arranged along a timeline.


https://www.museumoftheearth.org/human-origins/3d-models

Students asked to:

elect two different hominin species and compare their skeletal structures

Identify at least three anatomical differences (e.g. skull shape, limb length, posture)
Link each difference to an environmental or survival challenge

4. Discuss how these natural adaptations inspired later human success

This exercise reinforces the idea that nature continuously tests and improves “designs”, a
core principle of bio-inspired problem solving.

2.4 Bio-Inspired Learning Tasks Used Worldwide

Similar AR-based approaches are already used globally in science education, especially in:

e Virtual anthropology labs, where students explore fossil replicas without physical
specimens (to see more: https://hominin.anthropology.wisc.edu/virtual-labs.html)

e Museum AR exhibits, allowing visitors to compare extinct and modern species (To see
more: https://www.museumoftheearth.org/human-origins/3d-models)

e Biology and anatomy courses, using 3D models to understand structure—function
relationships

In these contexts, AR has proven effective for:

e Visualizing large time scales
e Understanding gradual structural change
e Supporting inquiry-based and comparative learning

This unit adapts those proven practices to a school-friendly, classroom-based AR experience.

2.5 Collaborative and Inquiry-Based Learning

Students can work:

e Individually (guided exploration), or
e |n small groups (comparison and discussion tasks)

Group activities may include:

e Debating which adaptation was most important for human survival
e Predicting how humans might evolve under future environmental pressures
e Reflecting on how natural evolution inspires modern technological solutions

These tasks encourage critical thinking, collaboration, and systems thinking, all core
Bios4You competencies.


https://hominin.anthropology.wisc.edu/virtual-labs.html
https://www.museumoftheearth.org/human-origins/3d-models
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the Execute phase, students gain hands-on experience with evolutionary
d bio-inspired reasoning. In the next section, Enhance, Augmented Reality will be
as a pedagogical tool: how it deepens understanding, increases engagement, and

S long-term learning of complex biological processes.

Enhance
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3.1 W

hy Augmented Reality Enhances Learning about Human

Evolution

Human evolution involves complex concepts that are difficult to fully understand through text or
static images alone. Changes in anatomy, posture, and brain structure occur gradually over vast
time scales, making them abstract and challenging for learners to visualize. Augmented Reality
(AR) enhances the learning process by transforming these abstract processes into concrete,
observable experiences.

By overlaying interactive 3D models into the real learning environment, AR allows students to
explore evolutionary changes spatially and dynamically, supporting deeper comprehension and

long-term

retention.
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g Invisible Processes Visible

les learners to:

Visualize anatomical changes that occurred over millions of years
Observe differences in skull shape, posture, and body proportions in real scale
e Navigate evolutionary timelines in a non-linear and exploratory way

These capabilities help students move beyond memorization and toward conceptual
understanding, where they can see how structure and function evolve together.

3.3 Enhancing Cognitive and Inquiry-Based Learning

Augmented Reality supports inquiry-based learning by encouraging students to:

e Ask questions while exploring models
e Form hypotheses about adaptation and survival
e Test ideas through comparison and observation

Instead of passively receiving information, students become active investigators, using AR
tools to analyze evidence much like scientists do in real evolutionary research.

3.4 AR as a Tool for Comparison and Critical Thinking

One of the key strengths of AR in this unit is its ability to support side-by-side comparisons.
Students can directly compare different hominin species, highlighting:

e Evolutionary trends in brain size and facial structure
e The relationship between anatomy and environment
e Multiple evolutionary solutions to similar survival challenges

This comparative approach strengthens critical thinking and systems thinking, essential skills in
STEM education.

3.5 Increasing Engagement and Motivation

AR introduces a strong motivational component by making learning interactive and immersive.
Features such as:

e 3D manipulation (rotation, zoom, scale)
e Interactive hotspots with explanatory content
e Gamified elements such as discovery tasks



upporting Inclusive and Multimodal Learning

R supports diverse learning styles by combining:

e Visual learning (3D models, timelines)
e Kinesthetic interaction (manipulation of objects)
e Verbal and conceptual explanation

This multimodal approach makes evolutionary biology more accessible to a wider range of
learners and supports inclusive education.

3.7 Practical Suggestions for Classroom Integration

To enhance learning outcomes, AR tools can be integrated into the classroom by:

Using table-based AR exploration for small groups

Allowing students to freely explore models before guided discussion
Combining AR exploration with reflective questions or short debates
Linking AR observations to real-world bio-inspired solutions

These strategies ensure that AR is used as a learning accelerator, not just a visual add-on.

Through Augmented Reality, human evolution becomes a tangible and meaningful learning
experience. By enhancing visualization, interaction, and inquiry, AR deepens students’
understanding of evolutionary processes and strengthens their ability to connect biological
adaptation with real-world bio-inspired thinking.

Conclusion

In the Explore phase, students gained a foundational understanding of human evolution by
examining key evolutionary stages, fossil evidence, and bio-inspired adaptations shaped by
environmental pressures. During the Execute phase, learners applied this knowledge through
interactive activities and AR-supported exploration, comparing hominin species and analyzing
how natural selection influenced anatomical and behavioral changes. Finally, in the Enhance
phase, Augmented Reality deepened understanding by making long-term evolutionary
processes visible and interactive. Together, these phases transformed abstract evolutionary
concepts into meaningful learning experiences and highlighted the relevance of bio-inspiration
in understanding both human development and real-world challenges.



Phase

Description

Explore

- Research and Discovery: Students explore the concept of human evolution through scientific
sources, visual materials, and guided discussion. They investigate how early hominins adapted
to their environment and how natural selection influenced anatomical and behavioral changes
over millions of years. Fossils, timelines, and comparative anatomy are introduced as key
research tools used by scientists.

- Content Development: Educational content is developed around the main stages of human
evolution, focusing on bio-inspired adaptation processes such as bipedalism, brain
development, tool use, and migration. The content emphasizes evolution as a gradual, dynamic
process shaped by environmental pressures rather than a linear progression.

- Needs Analysis: This phase addresses students’ difficulties in understanding long time scales,
abstract evolutionary processes, and extinct species. The need for visual and interactive
learning tools is identified to support comprehension, comparison, and critical thinking,
especially for learners who struggle with text-based explanations.

Execute

- Curriculum Implementation: The unit is implemented through inquiry-based and
discussion-based classroom activities. Students follow a structured learning path aligned with
biology and STEM curricula, using human evolution as a real-world example of bio-inspiration
and natural problem-solving.

- Interactive Exercises: Students engage in hands-on activities using 3D models and
AR-supported visualizations. They compare hominin species, analyze skeletal differences, and
link anatomical adaptations to environmental challenges. Activities include group discussions,
observation tasks, and guided exploration of evolutionary timelines.

- Feedback Collection: Feedback is collected through classroom discussion, short reflection
tasks, and teacher observation. Students share insights about what helped them understand
evolution better and how visual and interactive tools supported their learning process.

- AR Integration: Augmented Reality is integrated to visualize human evolution through
interactive 3D models and timelines. AR allows students to explore fossils, skulls, and body
structures in real scale, making abstract evolutionary changes visible and tangible within the
classroom environment.

- Interactive Learning: Students interact directly with AR content by rotating, zooming, and
comparing hominin models. This interactive approach promotes inquiry-based learning,
encourages exploration, and supports deeper understanding of structure—function relationships
in evolution.

Enhance




— Points and Badges:

Students earn points for completing AR exploration tasks, correctly identifying evolutionary
adaptations, and making accurate comparisons between species. Badges are awarded for
achievements such as “Evolution Explorer” or “Adaptation Expert.”

— Leaderboards:

A classroom leaderboard can be used to encourage friendly competition, highlighting students
or teams who successfully complete challenges or demonstrate strong analytical reasoning
during AR activities.

— Quests and Levels:

Learning activities are structured as evolutionary “quests,” where students progress through
levels representing different evolutionary stages (early hominins, genus Homo, modern
humans). Each level introduces increasing complexity and new challenges.

— Rewards for Exploration:

Hidden AR hotspots or bonus content reward students who explore models in greater detail.
These rewards provide additional information or extra points, encouraging curiosity and deeper
engagement.

— Collaborative Gamified Tasks:

Students work in small teams to solve challenges such as identifying the most important
adaptation for survival or reconstructing an evolutionary sequence using AR models.
Collaboration supports communication and collective problem-solving.

AR-Based Assessments: Students are assessed through AR-based tasks that require them to
demonstrate understanding by interacting with 3D models. Assessment activities include
identifying hominin species, explaining observed anatomical differences, and linking
adaptations to environmental pressures. These assessments evaluate both conceptual
understanding and analytical skills in a more engaging and authentic way than traditional tests.
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