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Science   (Grades 7-10) 

“Byzantine Era (& Honour & Piety)” 
SUMMARY:  

Science in the Byzantine Era 

This Year 7–10 Science & Design Technology course set in the Byzantine Era explores how scientific understanding, 
technological development, and human creativity can be pursued with honour, reverence, and ethical 
responsibility. Across the completed unit, students investigate a wide range of scientific fields – including physics 
(dimensions, energy, and wind systems), biology (genetics, brain science, and human development), chemistry 
(fermentation in bread and wine), and engineering (structures such as cathedrals and underground systems like 
catacombs) – while also examining the technologies behind art, architecture, and economic systems. Through rich 
informational stories, hands-on experiments, and reflective thinking, the course connects scientific concepts to 
historical contexts and biblical worldview themes, encouraging students to see knowledge as both a disciplined 
pursuit and a moral responsibility. Ultimately, students are guided to understand science not only as a tool for 
discovery and innovation, but as a means of honouring God through thoughtful inquiry, ethical decision-making, and 
the wise application of knowledge in service of others. 

 

RESOURCES: 

All the information you need is included within the informational story in each lesson plan. The hands-on or 
creative activities are designed to use materials you will likely have already in your home, but you should maintain 
some art and craft materials. Each child will also need a Science Journal (i.e., a lined exercise book or Botany 
book for nature study notes, writing responses to questions, and writing activities). It is also helpful to have a good 
dictionary. 

Some suggestions for extra reading include but are not limited to… 

• to be announced… 
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            Prior to starting each week, review the recommended resources.   
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TOPIC 

1 

THE PHYSICS OF DIMENSIONS 

& WIND 

 

Lesson 1 – Dimensions Beyond Sight (Part 1) 

Theme: Scientific Dimensions and Our Limited View of Reality 

Topic: Dimensions 1 to 4 and the Introduction of Higher Dimensions 

Australian Curriculum v9: 

• AC9S10U03: The Big Bang theory can be used to explain the origin of the universe. 

• AC9S10H01: Scientific knowledge changes as new evidence becomes available. 

 

A) Lesson Introduction 

Tutor/Student Instructions: 

Read the story aloud (or silently if preferred), then use the narration activity to recall key ideas before 

moving into deeper thinking questions and the activity. 

 

B) Informational Story – “Flatland, String Theory, and 

the Edges of Our World”  

It all began with a square. Not just any square, but a character in a 

book – written over 100 years ago – who lived in a strange, flat 

world called Flatland. 

In this world, everything was two-dimensional. There was no 

"up" or "down" – only forward and backward, left and right. 

Imagine living like a paper cut-out, sliding across the surface of a table. The people of Flatland – lines, 

triangles, and squares – had no concept of depth. To them, a circle wasn’t a round object. It was just a line 

that curved back onto itself. They didn’t know about shadows or thickness. Their world was flat, and that 

was all they could imagine. 

One day, in the story, a character called A Square received a visit 

from a mysterious stranger – A Sphere. But when the sphere entered 

Flatland, it didn’t appear as a sphere at all. At first, it was just a 

single dot. Then, as it moved through the flat world, it became a 

growing circle. It swelled larger, then began shrinking until it 

vanished completely. The square was confused, even frightened. 

“You came from nowhere! You changed shape! You disappeared!” 

he cried.  

To the sphere, it was simple. He had just passed through Flatland – 

up and down, a direction the square couldn’t understand. 



This tale, written by Edwin Abbott in 1884, wasn’t just an imaginative story. It became a powerful analogy 

for scientists trying to explain things we can’t see. What if we are like the square – limited in how we 

perceive reality? What if there are directions, spaces, or entire realities we can’t even imagine? 

Let’s come back to our world. 

We live in what we call three-dimensional space. That means we can move in three different directions: 

forward and backward, left and right, up and down. If you’ve ever played a 3D video game, you’ve seen 

these directions in action. Everything around us – chairs, buildings, clouds – has height, width, and depth. 

We also experience time, which is sometimes called the fourth dimension. It’s not a direction we can walk 

through like space, but it’s still real. You are always moving forward through time, second by second. You 

can’t go back. You can’t skip ahead. Time flows like a river, carrying us forward whether we want it to or 

not. 

So we live in four dimensions: three of space, one of time.  

But scientists have wondered: is that all? 

The answer might be no. 

Some of the most advanced theories in modern physics – particularly String Theory – suggest that the 

universe actually has more dimensions than we can see. String theory tries to answer a very big question: 

What is everything made of? Is there something smaller than atoms, smaller than electrons or quarks? 

According to string theory, the smallest pieces of the universe aren’t particles. They’re tiny, vibrating 

strands of energy – strings. These strings are unimaginably small. If an atom were the size of the solar 

system, a string would be the size of a tree. And just like different vibrations of a guitar string create 

different musical notes, different vibrations of these tiny strings create different particles – electrons, 

protons, light, gravity. 

But for these strings to work mathematically – for them to vibrate in ways that match our universe – the 

equations require more than just four dimensions. They require ten dimensions. 

Ten! 

That’s six more than we can see. 

So where are they? 

According to string theory, these extra dimensions are curled up, rolled into tiny shapes smaller than atoms. 

These shapes are called Calabi-Yau manifolds. Imagine a drinking straw. From far away, it looks like a 

one-dimensional line. But up close, you see that it has a circular shape – another dimension – wrapped 

around it. The universe might be like that. We see three large dimensions and one flowing time dimension, 

but hidden within every point of space are six tiny dimensions, coiled like a knot. 

These extra dimensions are invisible – not because they’re fake, but because we don’t have the tools to see 

them yet. They’re too small and too fast. 

Now, here’s where it gets strange. Some scientists believe that these higher dimensions could contain entire 

alternate realities – different versions of history, different outcomes, even different laws of physics. It’s not 

science fiction anymore. In some versions of string theory and its extension, M-theory, these extra 

dimensions might connect to parallel universes. 

Can you imagine another version of you in a universe where you made different choices? 



It’s a mind-blowing idea. And yet, it comes from serious scientific research. 

Some physicists compare our universe to a sheet of paper, or a membrane (a “brane” in M-theory terms), 

floating in a much larger space. There might be other branes floating nearby – entire universes that are 

parallel to ours but separated by tiny, invisible gaps in higher dimensions. 

And those dimensions are not just theoretical curiosities. They may be the very reason gravity works the 

way it does. Some believe gravity is weaker than other forces (like magnetism or the strong nuclear force) 

because it “leaks” into higher dimensions. 

So how does this connect to faith? 

Let’s go back to the Flatland story. 

When the sphere visits the square, he comes from a higher dimension. He seems to appear out of nowhere, 

change form, and vanish. To the square, he’s a miracle. But to the sphere, he’s just moving normally – 

through a dimension the square can’t understand. 

Isn’t this a lot like how the Bible describes spiritual encounters? 

Angels appear and disappear. Jesus, after His resurrection, appears in locked rooms. God speaks from the 

clouds, the burning bush, or even from within a whirlwind. The Bible describes a world where things happen 

that don’t fit in our normal space-time box. 

What if they’re not magic? 

What if they’re movements from higher dimensions? 

What if spiritual beings are just more complex creations 

– made for higher dimensions, with greater access to the 

fabric of reality than we have? 

The Apostle Paul writes in 2 Corinthians 4:18: “So we 

fix our eyes not on what is seen, but on what is unseen. 

For what is seen is temporary, but what is unseen is 

eternal.” 

This doesn’t mean invisible things are imaginary. It 

means they are real – but in a way we can’t fully grasp 

yet. Like a 2D square trying to imagine 3D space. 

Or like us trying to imagine 10-dimensional reality. 

Maybe when the Bible talks about heaven and the spiritual world, it’s not talking about a place up in the 

clouds – but a realm woven into our universe in a dimension we can’t touch. 

This shouldn’t make us afraid. It should make us curious. It should cause us to worship. 

The more we discover, the more we realise that the universe is more complex and more wondrous than we 

thought. And the more we realise how much we don’t know, the more we should be willing to trust the One 

who does. 

We’re not saying string theory proves the Bible. It doesn’t. It can’t. But it does show that even the most 

brilliant minds in physics believe the universe is stranger, richer, and deeper than we ever imagined. 



And as Christians, that should make our hearts soar. 

Because long before physicists guessed at extra dimensions, the Bible already spoke of things unseen. 

The universe may be filled with hidden realms. And the God who made it all – seen and unseen – invites us 

to explore it, to worship Him with wonder, and to trust Him with the parts we don’t yet understand. 

So, are you ready to go beyond Flatland? 

Let’s keep learning. 

 

C) Narration Activity – Retell the Story 

Instructions to the student: 

Retelling helps you internalise what you've just learned. Close your book or screen. Now, either write a brief 

summary in your notebook or speak aloud to your tutor or parent using your own words. 

Prompts for retelling (choose 2–4): 

• Who is “A Square,” and what happens when he meets the sphere? 

• How does the Flatland story help us understand higher dimensions? 

• What is string theory, and why does it suggest there are 10 dimensions? 

• What are Calabi–Yau shapes and what role do they play? 

• How might biblical descriptions of the spiritual realm connect to modern ideas about invisible 

dimensions? 

 

D) Reflective Thinking Questions 

Tutor Instructions: Ask your child only the questions from their level group, and allow time for open-

ended discussion or writing. 

 

Youngest Students (Years 7–8) 

1. What would it be like to live in a 2D world with no “up” or “down”? 

2. Why do we only see 3 dimensions in our daily lives? 

3. What surprised you about what scientists believe about our universe? 

4. Do you think it’s possible that things exist that we just can’t see? 

 

Middle Students (Year 9) 

1. Why do string theorists believe that extra dimensions exist? 

2. How do Calabi–Yau shapes help scientists imagine hidden dimensions? 

3. Do you think the Flatland story is a good comparison for how we might be limited? 

4. How could our limited view of the universe affect the way we think about spiritual things? 

 



Older Students (Year 10) 

1. In what ways does string theory challenge our understanding of reality? 

2. Why do some scientists believe gravity may be leaking into higher dimensions? 

3. Discuss the idea that spiritual encounters in the Bible may involve higher dimensions rather than 

'magic'. 

4. If science cannot detect something, does that mean it isn’t real? What does this mean for how we 

approach faith? 

 

E) Hands-On Activity – Model the Dimensions 

Activity Title: “From Line to World: Modelling 10 Dimensions” 

Materials Needed: 

• Paper and pencil 

• String or yarn 

• Scissors 

• A ball (like a marble or tennis ball) 

• A drinking straw (or rolled paper tube) 

• Ruler (optional) 

Step-by-step Instructions: 

1. Draw the First Four Dimensions 

o 1D: Draw a straight line on paper. 

o 2D: Draw a square next to it. 

o 3D: Sketch a cube or box shape beside the square. 

o 4D (Time): On another sheet, draw a timeline and mark events (e.g., waking up, doing this 

lesson, future hopes). 

2. String Dimensions 

o Cut a 30cm piece of yarn or string. Lay it out straight to represent a 1D string. 

o Now twist and loop it into a complicated knot or figure-eight – this represents how 

dimensions beyond 4D might be curled up tightly. 

3. Ant on a Straw Analogy 

o Take a straw. From far away, it looks like a simple line (1D). 

o Up close, you see the circular cross-section (a hidden dimension). 

o Imagine an ant crawling around the surface – it experiences more than we first see. 

4. Drop the Ball Demo 

o Hold a small ball above a sheet of paper and drop it. 

o The circle it makes on the page is how a 3D object might appear in a 2D world. 

o Reflect: If a 4D being passed through our world, what would we see? 

Optional Writing Prompt: 

Write a short paragraph: “If I lived in Flatland, and someone from a higher dimension visited me…” 

 

F) Biblical Connection – Seen and Unseen 

The Bible never uses words like “string theory” or “Calabi–Yau manifold,” but it speaks often about unseen 

things that are real. 



Read these two Scriptures: 

• 2 Corinthians 4:18 – “So we fix our eyes not on what is seen, but on what is unseen. For what is 

seen is temporary, but what is unseen is eternal.” 

• Colossians 1:16 – “For in him all things were created: things in heaven and on earth, visible and 

invisible...” 

These verses help us understand that the world we live in is only part of reality. The Bible says there is more 

– things invisible to the human eye, yet created by and known to God. 

Just like scientists today imagine higher dimensions curled beyond view, Christians have always believed 

that there is a spiritual realm beyond the material. Angels, heaven, and God Himself are not far away – they 

are just unseen. And God, as Creator, is not limited by time or space. 

Reflective Response: 

Write or pray one of the following: 

• “Lord, help me not to only believe what I see. Help me to trust that Your truth is bigger than I can 

imagine.” 

• “Thank you, God, for creating a universe that is more complex and beautiful than I can fully grasp. 

Help me to live by faith and wonder.” 

 

G) Optional Extension Activities 

If you'd like to go deeper or pursue independent study, explore one of these: 

Watch 

• Imagining the Tenth Dimension (YouTube) – a visual explanation of each dimension, starting from 

the 1st to the 10th. 

Read 

• The Elegant Universe by Brian Greene – especially the introductory chapters. (Ask your tutor/parent 

which edition is best suited for your level.) 

Explore 

• Google images of Calabi–Yau shapes, or visit sites like physics.org to read beginner-friendly 

science articles. 

 

 

Next Lesson Preview: 

In the next lesson, we’ll explore how the 10th dimension might help us understand God’s nature, heaven, 

and eternity – and how Jesus might have “stepped through” dimensions to enter our world. 

 

 

https://www.youtube.com/watch?v=JkxieS-6WuA
https://www.physics.org/


 Lesson 2 – Dimensions Beyond Sight (part 2) 

     
Theme: How Biblical Revelation and Modern Science Speak of Realms Beyond Our Senses 

Focus Passage: 2 Corinthians 12:2 

Curriculum Links (Australian Curriculum v9): 

• AC9S10H01 – Explain how new evidence or different perspectives can lead to changes in scientific 

knowledge. 

• AC9S9U03 – Theories including the Big Bang explain the origin of the universe and its development 

over time. 

• General Capability – Ethical Understanding – Explore differing beliefs about the natural and 

supernatural. 

 

A) Lesson Introduction 

To the student: 

In Lesson 1, you learned how physics suggests there may be more dimensions than we can see. You 

compared this to how the Bible talks about invisible spiritual realities. In this lesson, you’ll go deeper – 

exploring how Paul’s vision of “the third heaven” might connect with the idea of higher realms, and what 

that means for your faith and understanding of reality. 

 

Imagine this: You’re standing in your room, reading your Bible. Suddenly, you blink – and everything 

changes. You’re still you, but you’re no longer in your room. You’re somewhere else – so magnificent, so 

radiant, so full of glory that human words can’t even describe it. You feel overwhelmed, not with fear, but 

with awe. You hear sounds you’ve never heard before, and yet they feel familiar, as if your spirit has always 

known them. You don’t know if your body is there or not. All you know is that you’re in the presence of 

something vast, holy, and undeniably real. 

This is something like what happened to the Apostle Paul. 

In his second letter to the Corinthians, Paul writes something mysterious: 

“I know a man in Christ who fourteen years ago was caught up to the third heaven. Whether it was in the 

body or out of the body I do not know – God knows.” (2 Corinthians 12:2) 



Paul is talking about himself. He speaks in the third person, probably to stay humble and avoid boasting. He 

says he was “caught up” to “the third heaven.” That phrase has puzzled readers for centuries. What is the 

“third heaven”? And how can someone not know if they were physically present or not? 

To understand this, we need to know how ancient people viewed the universe. 

In Jewish thought, people often spoke of three heavens: 

1. The first heaven is the sky – the blue dome above us where birds fly and clouds drift. 

2. The second heaven is outer space – the realm of the sun, moon, stars, and galaxies. 

3. The third heaven is the spiritual realm – the invisible realm where God reigns, angels worship, 

and eternal truths are known. 

So when Paul says he was caught up to the third heaven, he doesn’t mean he went into orbit. He means God 

drew him into a spiritual realm – perhaps outside of time, outside of space, or into a dimension we can’t 

describe. 

That’s why Paul says, “Whether in the body or out of the body I do not know.” He experienced something 

beyond human categories. His language sounds just like someone who was suddenly taken from three-

dimensional thinking and thrown into something far greater – something like a higher dimension. 

We can begin to understand this using the Flatland analogy from Lesson 1. Remember how a 3D sphere 

appeared to the 2D square? It didn’t make sense. It changed size. It came from nowhere and disappeared 

again. It didn’t fit the rules of Flatland. 

Now imagine us – 3D creatures, moving through time. What if we were suddenly caught up into a realm 

with ten dimensions? How would we describe what we saw? Would we even know if our bodies came with 

us? 

Paul says that what he heard in that place were “inexpressible things” (2 Corinthians 12:4). Not only were 

they glorious – they were beyond language. He had entered the presence of God in a way that goes beyond 

normal consciousness. 

Other biblical figures had similar experiences. 

In the Old Testament, Isaiah saw the Lord seated on a throne, and the train of His robe filled the temple 

(Isaiah 6). Seraphim flew around, covering their faces and feet, calling “Holy, holy, holy is the Lord 

Almighty.” Isaiah was undone by the vision – aware of his sin in the face of glory. 

Ezekiel saw visions of wheels within wheels, glowing with fire and lightning. He saw the glory of the Lord 

departing from the temple and later returning. He described these visions with detail and awe, as if grasping 

for words that only partially conveyed what he saw. 

John, in Revelation, saw a door open in heaven. He was told, “Come up here,” and in an instant he was in 

the Spirit, seeing heavenly creatures, golden thrones, a crystal sea, and a Lamb standing as though slain. 

These were not just dreams. They were real encounters with the spiritual realm. And every time, the person 

involved felt the limits of human perception. 

Now let’s connect this to science. 

Modern physics tells us we might be living in a universe with ten or more dimensions, not just the four we 

experience (three of space, one of time). According to string theory, these extra dimensions are real – but 

“compactified” or curled up in ways we can’t perceive. They’re hidden – like a rolled-up garden hose looks 

like a line from far away, but reveals more when examined closely. 



Some physicists suggest there may even be branes (multi-dimensional surfaces) floating within higher-

dimensional space. Our universe might be one such brane – just one slice of a grander reality. 

If this is true, then perhaps the spiritual realm is not far away. It’s not “up in the sky” as in old cartoons. It’s 

alongside us, just invisible – existing in dimensions we cannot yet enter with our senses. 

What Paul experienced when he was “caught up to the third heaven” might have been a temporary crossing 

of the boundary – a moment where the veil between dimensions was lifted. 

And what if this spiritual realm is more permanent and foundational than the material world? 

The Bible actually teaches this. In Hebrews 11:3 it says: 

“By faith we understand that the universe was formed at God’s command, so that what is seen was not made 

out of what was visible.” 

The visible world came from the invisible. 

Science says something similar. Every atom is made of particles too small to see. And those particles are 

made of energy. Some scientists even say that physical matter is just a shadow of deeper dimensions we 

don’t fully understand. 

That idea sounds very close to Paul’s statement in Hebrews 8:5 “They serve at a sanctuary that is a copy 

and shadow of what is in heaven.”  

…and the idea also sounds like Paul’s statement Colossians 1:16: 

“For in him all things were created: things in heaven and on earth, visible and invisible…” 

And so we begin to see something remarkable: 

The Bible and science, though using different language, are both pointing beyond the physical. They agree 

that the world we see is not the whole story. There are deeper layers, hidden realms, higher dimensions – 

and the most important things in life may not be visible to the eye. 

But this story doesn’t end with human beings trying to reach heaven. 

The Gospel is the reverse: Heaven came to us. 

God didn’t wait for us to climb into His dimension. He came down into ours. 

The eternal Son of God entered the womb of a young woman. He was born into space and time. He walked 

among us. He taught us. He healed bodies and souls. He died in our place. And then He rose – and ascended 

– not merely “up” into the clouds, but through the layers of reality. 

Hebrews 4:14 says: 

“We have a great high priest who has passed through the heavens, Jesus the Son of God.” 

He has gone through the heavens – perhaps from one dimension to another – and now reigns from the 

eternal one. 

And this is our hope: that one day, we too will follow. 



One day, all who trust in Christ will be called up – not into fantasy, but into ultimate reality. Into the third 

heaven. Into the presence of God. 

Paul’s experience wasn’t just a strange vision. It was a preview of what awaits us. 

And until that day comes, we live with faith in the unseen. 

We open our eyes to the hints of eternity. 

We trust the God who dwells in higher realms – and yet walks with us even now. 

So when we think of ten dimensions, or string theory, or curled-up universes, we can say: 

Yes, the world is far more wonderful and mysterious than we ever imagined. 

And our God is greater still. 

 

This deeper reality was also revealed during a powerful moment in Jesus’ earthly ministry – the 

transfiguration. 

In Matthew 17, Jesus takes Peter, James, and John up a high mountain. There, He is “transfigured” before 

them. His face shines like the sun. His clothes become as white as light. And suddenly, Moses and Elijah 

appear beside Him – speaking with Him as if the barriers of time and death had been temporarily dissolved. 

What did the disciples see? It wasn’t just a brighter version of Jesus. It was as if a veil had been pulled back. 

They saw Him in His glory, not as He appeared daily, but as He truly was – perhaps a glimpse into a higher 

dimension, a moment where eternity intersected the present. 

No wonder Peter offered to build tents. He was trying to freeze that moment in physical terms, to make 

sense of something that defied ordinary categories. 

After the transfiguration, Jesus would go on to suffer and die. But three days after His burial, He rose again 

– not as a ghost, but as someone with a glorified body that could eat and be touched… and yet also pass 

through walls and vanish at will. 

These resurrection appearances further reinforce the idea that Jesus had moved beyond ordinary space-time 

constraints. He was the same, but changed. Human, but glorified. Touching this world, yet rooted in the 

next. 

This is important because the Bible says that what happened to Jesus is a pattern for what will happen to us. 

1 Corinthians 15:49 says: 

“Just as we have borne the image of the earthly man, so shall we bear the image of the heavenly man.” 

In other words, we are destined to be transformed – to one day move from this limited world of four 

dimensions into something eternal. A new heaven. A new Earth. A resurrection body that fits that higher 

world. 

It’s not science fiction. It’s the hope of the gospel. 

And science – surprisingly – helps us imagine how that might be possible. 

String theory, multiple dimensions, the hidden fabric of the cosmos… all these things show us that we are 

only scratching the surface of what God has made. 



They don’t replace Scripture – but they show that faith and curiosity belong together. 

A Christian doesn’t have to choose between believing the Bible and thinking deeply about science. In fact, 

the best scientists often display great humility – recognising how much we don’t know. 

The more we discover, the more we realise: 

• The world is more mysterious than we imagined. 

• Our senses are limited. 

• Truth includes what is seen – and what is unseen. 

And that is exactly what Scripture has said all along. 

So what does this mean for you? 

It means that your faith is not irrational. It is rooted in a universe where the invisible is often more powerful 

than the visible. 

It means that your hope is not in a vague “cloud” version of heaven, but in a real place, where Jesus reigns, 

and where one day you will dwell with Him. 

It means that when you pray, or worship, or reflect on God’s Word, you are engaging with more than just 

ideas. You are brushing against reality’s deepest layers. 

And it means that one day, you too will be “caught up” – not to escape the world, but to step into the 

fullness of it. 

Not into fantasy – but into truth. 

Not into darkness – but into light. 

Not into something less real – but into something more. 

So, the next time you hear a scientist talk about invisible dimensions… 

…or the next time you read about Paul’s vision of the third heaven… 

…or the next time you stand beneath the stars and wonder what’s out there… 

Remember: 

Your Creator has already been there. 

He holds it all in His hand. 

And He is preparing a place for you in that great, invisible kingdom. 

So, open your eyes – not just the ones in your head, but the ones in your heart. 

Because the journey of faith is not just about believing in what is true. 

It’s about learning to see what is real. 

 

 



C) Narration Activity – Retell the Story 

Instructions to the student: 

After reading the full story, pause and try to retell it in your own words. You can write your narration in 

your notebook, or speak it aloud to a tutor or parent. 

Prompts to help you retell: 

• What happened to Paul in 2 Corinthians 12:2? 

• What are the “three heavens” described in Scripture? 

• How do stories of Isaiah, Ezekiel, or John help us understand spiritual realms? 

• What do scientists say about higher dimensions? How could this relate to heaven? 

• How is the resurrection body of Jesus a model of what we might become? 

 

D) Reflective Thinking Questions 

Instructions for the tutor: 

Choose questions suitable for the student’s level. Allow time to think deeply and answer verbally or in 

writing. 

Youngest Students (Years 7–8): 

1. What do you think the third heaven is like? 

2. Why didn’t Paul know if he was in his body or not? 

3. Why is it exciting that science and the Bible both talk about things we cannot see? 

Middle Students (Year 9): 

1. What are some ways the Bible shows us that the spiritual realm is real? 

2. How is Jesus’ transfiguration or resurrection body different from ours now? 

3. How might the idea of dimensions help us understand how God is near, even when we can’t see 

Him? 

Older Students (Year 10): 

1. How do ancient and modern ideas about reality differ – and how are they surprisingly similar? 

2. What does Paul’s experience in 2 Corinthians 12 teach us about the nature of spiritual truth? 

3. Do you believe heaven is a physical place, a spiritual realm, or both? Why? 

 

E) Hands-On or Creative Activity – “The Veil Between Worlds” 

Title: Mapping the Visible and Invisible 

Materials Needed: 

• Two sheets of paper 

• Pens, pencils, or coloured markers 

• Optional: a torch and a thin cloth or sheet 



Activity Instructions: 

1. Sheet One: The Visible World 

o On your first sheet of paper, draw a picture or diagram of the visible world. 

o Include things like people, buildings, stars, trees, or anything else we can touch or see. 

2. Sheet Two: The Invisible Realm 

o On your second sheet, draw symbols or representations of what the Bible says is real but 

unseen: 

▪ God on His throne 

▪ Angels and heavenly creatures 

▪ Jesus interceding for us 

▪ The “third heaven” 

▪ The spiritual battle (Ephesians 6:12) 

▪ The future new creation 

3. Overlay the Sheets 

o Hold both sheets up to a window or lamp to “see through” the visible to the invisible. 

o Reflect on how close – but hidden – the spiritual realm is from the physical one. 

4. Optional Object Lesson 

o Hold a thin cloth in front of a torch or candle to demonstrate a veil. 

o Ask: “If this veil were removed, what would we see?” Read 2 Kings 6:17 as you do this. 

 

F) Biblical Connection – What Is Seen and What Is Unseen 

Throughout the Bible, we are reminded that not all truth is visible. 

Hebrews 11:1 – “Now faith is confidence in what we hope for and assurance about what we do not see.” 

Hebrews 11:3 – “What is seen was not made out of what was visible.” 

Colossians 1:16 – “For by him all things were created: things in heaven and on earth, visible and 

invisible…” 

2 Corinthians 4:18 – “So we fix our eyes not on what is seen, but on what is unseen. For what is seen is 

temporary, but what is unseen is eternal.” 

Jesus didn’t just talk about eternity – He came from it. And His resurrection, transfiguration, and ascension 

show that He belongs to another dimension, one that is more real, not less. 

And the good news is: He has made a way for us to enter that reality. 

Heaven is not just “up there” – it may be closer than we think. Just hidden from view, behind a veil. 

Reflection Prompt (choose one): 

• Write a prayer that begins with: “Lord, help me to live by faith, not just by sight...” 

• Write a short paragraph: “What I imagine the third heaven to be like...” 

• Or simply sit quietly for 2–3 minutes and reflect: “What would it be like to step into a higher 

dimension and see God?” 

 

 



G) Optional Extension Activities 

For Further Study and Exploration: 

Watch: 

• He Went Through the Heavens – Hebrews 4:14 explained 

• Imagining the Tenth Dimension – YouTube animation 

Read: 

• Heaven by Randy Alcorn (for older students or with parent guidance) 

• The Case for Heaven by Lee Strobel (especially the sections on scientific evidence and near-death 

experiences) 

Explore: 

• Look up and sketch a Calabi-Yau manifold. 

• Find out what Jewish, Greek, and early Christian thinkers believed about “the heavens.” 

• Write a creative story imagining someone today being caught up to the third heaven. 

  

https://www.youtube.com/results?search_query=hebrews+4%3A14+Jesus+passed+through+the+heavens
https://www.youtube.com/watch?v=JkxieS-6WuA


Lesson 3 – What is Wind? 

Science + Design & Technology for Years 7–10 

Unit Theme: The Physics of Dimensions & Wind 

 

Australian Curriculum v9 Content Descriptions 

Year 7 Science: 

• AC9S7U04 – Investigate how changes in physical conditions affect the behaviour of particles and cause changes of state. 

• AC9S7H01 – Examine how scientific knowledge changes as new discoveries and developments occur. 

Year 8 Science: 

• AC9S8U03 – Investigate the behaviour of non-contact forces in everyday situations, including Earth’s gravitational force, magnetism and 
electrostatics. 

Year 9 Science: 

• AC9S9U02 – Describe and apply the relationships between force, mass and acceleration. 

• AC9S9U03 – Explain how energy transfers and transformations cause change in systems. 

Year 10 Science: 

• AC9S10U04 – Investigate how the transfer and transformation of energy can be used to explain the behaviour of systems. 

• AC9S10H01 – Explain how scientific understanding of the universe has changed over time as new evidence and models have emerged. 

Years 7–10 Design and Technology: 

• AC9TDE8K01 – Investigate how forces and the properties of materials affect the behaviour of designed solutions. 

 

Lesson Overview 

In this lesson, you will: 

• Learn what causes wind and how it moves 

• Explore the role of wind in global systems, weather, and human technology 

• Reflect on the role of wind in Scripture as a symbol of God’s power 

• Complete one or more hands-on/practical activities 

• Consider how studying wind can increase our reverence for God 

 

A) Informational Story 

High above the surface of the earth, invisible forces are always at work – pushing, pulling, rising, and 

falling. On a summer afternoon in the hills of Judea, the wind begins to stir. It whispers first through the 

olive trees, then dances in playful eddies across the dusty paths, rustling the robes of shepherds and cooling 

the brows of travellers. Yet few pause to consider what this wind really is, or what mighty laws of physics 

stand behind this gentle breath of the earth. 

The Bible often refers to the wind – sometimes as a symbol of the Holy Spirit, sometimes as a force sent by 

God, and sometimes as a reminder of our own fragility. In Ecclesiastes, it is written, “Just as you cannot 



understand the path of the wind or the mystery of a tiny baby growing in its mother’s womb, so you cannot 

understand the activity of God who does all things.” (Eccl. 11:5, NLT). But today, with the gift of science, 

we can explore some of the mysteries of wind – still recognising that the Creator speaks through them. 

So, what exactly is wind? 

Simply put, wind is air in motion. But this simple answer unfolds into a complex and beautiful story 

involving sunlight, heat, pressure, rotation, and the constant balancing act of our planet’s atmosphere. 

Wind begins with the sun. As the sun’s energy reaches the earth, it doesn’t heat the surface evenly. Oceans, 

forests, deserts, snowfields, and cities all absorb and release heat at different rates. This causes temperature 

differences in the air above those surfaces. Warm air becomes lighter and rises. Cool air is heavier and 

sinks. And as warm air rises, cooler air moves in to take its place. This movement is wind. 

Imagine a great cathedral, heated unevenly by candles on one side and cold stone on the other. The heat rises 

near the flames, creating an area of lower pressure. Cooler air from the shadowed areas rushes in to fill the 

gap. The same thing happens across continents and oceans, but on a planetary scale. 

Atmospheric pressure is one of the key drivers of wind. When high-pressure and low-pressure areas form, 

air moves from high to low pressure – just like water flowing downhill. We cannot see the pressure 

difference with our eyes, but we feel its effects. The faster the pressure change, the stronger the wind. 

But there’s more. The Earth’s rotation introduces a twist – literally. Known as the Coriolis effect, the 

spinning of the Earth causes moving air to curve. In the northern hemisphere, wind bends to the right. In the 

southern hemisphere, it bends to the left. This is why massive wind systems, like trade winds, cyclones, and 

jet streams, form predictable spirals. 

Jet streams are fast-moving bands of air high in the atmosphere, flowing from west to east. They form at the 

boundaries of cold and warm air masses and can travel at speeds over 300 km/h. These streams guide 

weather systems and even influence commercial flight paths. Pilots seek them out for a tailwind or avoid 

them to reduce turbulence. 

Beyond the global wind belts, local winds form due to the daily heating and cooling of land and water. Sea 

breezes, land breezes, valley winds, and mountain winds all result from these small-scale changes. During 

the day, land heats faster than sea, drawing in cool ocean air. At night, the process reverses. These gentle 

winds shape ecosystems, moderate climates, and even affect plant pollination and insect movement. 

Historically, humans have relied on wind for survival and innovation. Long before engines, sailing ships 

harnessed the trade winds to cross oceans. Explorers like Columbus and Magellan read the skies and studied 

the winds. Entire trade routes were built upon predictable patterns of movement in the atmosphere. These 

routes weren’t just practical – they were providential. 

In medieval Europe and the Islamic Golden Age, scholars designed windmills to harness power for grinding 

grain and pumping water. These early inventions were the ancestors of today’s towering wind turbines. In 

recent decades, as the world seeks sustainable energy, wind has become one of the leading sources of clean 

electricity. 

Wind turbines convert the kinetic energy of wind into mechanical power. The spinning blades drive a shaft 

connected to a generator. When placed in high-wind areas – such as hilltops, coastal plains, or offshore – 

they can produce vast amounts of energy. Wind farms now power millions of homes and contribute to the 

stewardship of the earth’s resources. 

But wind can also be dangerous. Storm systems like hurricanes and cyclones develop over warm oceans 

where rising moist air fuels massive clouds. These storms form spiralling wind patterns with enormous 



destructive force. Hurricanes can destroy homes, uproot trees, and reshape coastlines. Yet even these 

powerful storms obey natural laws – laws that God designed with precision and purpose. 

The Book of Job reflects on the mysteries of creation, including the wind: 

“He brings the clouds to punish people or to water his earth and show his love… The breath of God 

produces ice, and the broad waters become frozen. He loads the clouds with moisture; he scatters his 

lightning through them.” (Job 37:13, 10–11) 

These verses echo the balance of wind’s dual nature – gentle and wild, nourishing and fearsome, always 

ordered by the hand of God. 

And sometimes, God acts directly through the wind. 

In Exodus 14, a strong east wind parted the Red Sea. In 1 Kings 19, God was not in the windstorm that tore 

mountains apart – but the wind preceded His still small voice. In the New Testament, Jesus stood up in a 

boat during a raging storm and said, “Peace, be still.” The wind stopped. The waves calmed. The disciples 

were left in awe: “Even the wind and the sea obey Him!” (Mark 4:41) 

For Christians, wind is more than air in motion. It is a reminder of the Holy Spirit, who appeared at 

Pentecost like a “rushing mighty wind” (Acts 2:2). The Spirit moves unseen, but with great power, just like 

the wind. You cannot grasp it, but you can see its effect. 

When we study wind scientifically, we are not removing God from the picture. We are observing how He 

governs the world with elegance, power, and consistency. To know the physics of wind is to glimpse the 

artistry of its Author. 

In a world where machines can measure the velocity of air and satellites can track global wind maps, we 

might be tempted to think we’ve mastered the wind. But in truth, we still depend on it. We cannot create it. 

We cannot contain it. We cannot survive without it. 

Wind carries rain, spreads seeds, moderates temperature, drives turbines, lifts birds, guides ships, and 

whispers to weary travellers. It has shaped history, ecology, weather, technology, and worship. 

So the next time the wind tugs at your sleeve, pause. Let it remind you of the breath of God across the deep 

in Genesis 1:2. Let it draw your heart to awe and humility. The wind moves as God allows, speaks as He 

ordains, and refreshes as He wills. 

And in every gust, every whisper, every mighty gust or still breeze, we can honour the Creator who formed 

the skies, breathed life into Adam, and still stirs the air we breathe. 

 

B) Narration Activity – Retell the Story 

Instructions: 

Close your book or screen. Now, in your own words, retell the key points of the story – either aloud to a 

parent/tutor, or in writing. Use these questions to help you: 

• What causes wind to begin? 

• What are the effects of wind on weather, ecosystems, or human life? 

• What does the Bible say about wind and God’s power? 

 



C) Reflective Thinking Questions 

Choose the questions for your level: 

Years 7–8 

1. What causes wind to start moving in the first place? 

2. What’s the difference between local winds and global winds? 

3. Can you describe a time when you noticed the wind and thought about God? 

Year 9 

1. What forces are involved in creating and shaping wind? 

2. How does the Coriolis effect change the path of wind? 

3. How might the Holy Spirit be like the wind, as described in Acts 2? 

Year 10 

1. What are the relationships between energy, pressure, and wind formation? 

2. Why is it scientifically correct to say wind is a form of energy transfer? 

3. How can Christians maintain reverence for God while also studying wind through scientific models? 

 

D) Hands-On / Creative Activity Options 

Choose ONE of the following activities (or do both!): 

 

Option 1: “Create a Wind Spiral and Measure Wind Direction” 

Objective: Build a simple tool to observe the wind. 

Materials: 

• String or fishing line 

• Lightweight paper or plastic (e.g. ribbon or streamer) 

• Pencil 

• Compass (or a map app showing directions) 

• Outdoor space 

Steps: 

1. Cut a spiral or streamer from the paper or ribbon. 

2. Attach it with a string to the end of a pencil. 

3. Go outside and hold your wind spiral above your head. Which way does it turn or point? 

4. Use a compass or app to record the wind’s direction (e.g., “from the south”). 

5. Observe at three different times in the day. Does the wind direction change? 

Reflect: 

How would this simple tool help sailors or farmers in ancient times? 

 



Option 2: “Model a Pressure System in a Jar” 

Objective: Understand how temperature affects air movement. 

Materials: 

• Clear glass jar 

• Balloon 

• Rubber band 

• Bowl of hot water 

• Bowl of ice water 

Steps: 

1. Stretch the balloon over the opening of the jar like a drum. Use the rubber band to seal it. 

2. First, place the jar into the bowl of hot water. 

o Observe: The balloon should stretch outward. 

3. Then place the jar in the bowl of ice water. 

o Observe: The balloon will sink inward. 

Explanation: 

• Hot air expands and lowers pressure inside the jar (balloon bulges). 

• Cold air contracts and increases pressure (balloon sinks). 

Reflect: 

How does this relate to how air moves across the Earth? 

 

E) Biblical Worldview Connection – The Breath of God 

Wind is not just a scientific curiosity. In the Bible, it’s a symbol of God’s power, presence, and Spirit. 

• In Genesis 1:2, the Spirit of God hovers over the waters like a moving wind. 

• In Job 37, God uses the wind to send rain or show His power. 

• In Acts 2, the coming of the Holy Spirit was like a mighty rushing wind. 

These are not contradictions to science – they are deeper truths. God is the Creator of the physical laws we 

study. When Jesus calmed the storm, He didn’t violate science. He spoke as the Lord of creation – the same 

Word through whom all things were made (John 1:3). 

When we honour God in our science, we are not abandoning reason. We are giving reverence to the One 

who made reason possible. 

Write or pray: 

• “Lord, thank you for the wind. Help me to see Your Spirit at work in all creation.” 

• “Help me to study the world with devotion, and to honour You in how I learn and live.” 

 

 

 



F) Optional Extension Activities 

Research: 

• What causes the trade winds and the jet stream? 

• What role did wind play in the parting of the Red Sea (Exodus 14)? 

Experiment: 

• Use an online wind simulator or app to watch real-time global wind patterns (e.g. 

earth.nullschool.net). 

Create: 

• Paint or sketch a picture showing how the Holy Spirit might look if visualised as wind. 

  



TOPIC 

2 

THE SCIENCE OF BREAD, WINE 

& MONEY 

Lesson 4 – How Bread Is Made 

Australian Curriculum v9 Content Descriptions 

Year 7 Science: 

• AC9S7U04 – Investigate how changes in physical conditions affect the behaviour of particles and cause changes of state. 

• AC9S7H01 – Examine how scientific knowledge changes as new discoveries and developments occur. 

Year 8 Science: 

• AC9S8U03 – Investigate the behaviour of non-contact forces in everyday situations, including the transfer of energy. 

Year 9 Science: 

• AC9S9U03 – Explain how energy transfers and transformations cause change in systems. 

• AC9S9H01 – Investigate how advances in scientific understanding often rely on developments in technology. 

Year 10 Science: 

• AC9S10U04 – Investigate how the transfer and transformation of energy can be used to explain the behaviour of systems. 

Years 7–10 Design and Technology: 

• AC9TDE8K01 – Investigate how forces and the properties of materials affect the behaviour and performance of designed solutions. 

 

A) Introduction 

To the student: 

This week, you will explore three everyday items – bread, wine, and money – that have shaped human 

civilisation for thousands of years. Each one is made through scientific processes, yet each has also held 

deep spiritual and cultural meaning in the Bible. 

Today’s lesson begins with bread – a simple food found in nearly every culture. Bread fills stomachs, but it 

also fills Scripture. God fed His people with manna in the wilderness. Jesus called Himself the “Bread of 

Life.” In both the Old and New Testaments, bread is used in offerings, feasts, and miracles. 

But how is bread actually made? 

This lesson will take you on a journey through the science of breadmaking – from grain to dough, from 

yeast to oven, from chemistry to community. You will learn about the biological, chemical, and physical 

changes that take place in a loaf of bread, and discover how something so ordinary can become a symbol of 

honour, devotion, and reverence. 



As you study, remember this: Science is not separate from faith. God designed the grain, the yeast, the laws 

of heat and energy – and He invites us to explore His creation with curiosity and worship. 

Let’s begin our journey with bread. 

B) Informational Story – “How Bread Is Made” 

In the heart of every civilisation lies a staple that has nourished humanity for thousands of years – bread. 

From the dusty ovens of Mesopotamia to the stone mills of Israel, from medieval monasteries to modern 

bakeries, bread has always held a central place in human life. It is more than food. It is a symbol of 

community, survival, sacrifice, offering, and sacred provision. 

In Scripture, bread appears often. God provided manna – “bread from heaven” – in the wilderness. 

Melchizedek offered bread and wine to Abraham. The priests of the tabernacle placed fresh showbread 

before the Lord each week. Jesus broke bread with His disciples before His crucifixion and called Himself 

the “Bread of Life.” Bread was not merely eaten – it was revered. Yet beyond its spiritual symbolism lies an 

extraordinary science: a humble loaf of bread is the result of biology, chemistry, physics, and engineering – 

all interacting through the hands of a devoted baker and the laws of a wise Creator. 

So, what exactly is bread? And how is it made? 

Bread starts with grain. In many cultures, this grain is wheat, although other grains such as barley, rye, or 

corn have also been used throughout history. Each wheat kernel contains three parts: the bran (outer fibre-

rich skin), the germ (the nutrient-dense embryo), and the endosperm (the starchy energy source). After 

harvesting, wheat is dried, threshed, and milled. Ancient mills used stone wheels to crush the grain. Today’s 

flour mills use roller systems that separate and refine the components, creating white, wholemeal, or 

specialty flours. 

But flour alone does not make bread. The next ingredient is water. When water is added to flour, it hydrates 

the starches and proteins. Two of those proteins – glutenin and gliadin – begin to link together, forming 

gluten. Gluten is a stretchy, elastic network that traps air and gives bread its chewy texture. Without gluten, 

a loaf would crumble instead of rise. 

Next comes one of the most fascinating stages: fermentation. This is where the biology begins. A small 

organism, invisible to the eye, transforms the dough – yeast. 

Yeast is a single-celled fungus. When it is added to dough, it begins to consume the natural sugars in the 

flour. In the process, it produces two by-products: carbon dioxide gas and ethanol (alcohol). The gas 

expands inside the dough, stretching the gluten and causing the bread to rise. The alcohol contributes to 

flavour and aroma, though most of it evaporates during baking. 

Historically, people discovered yeast by accident. In ancient Egypt, bakers left flour and water mixtures out 

for several days. Wild yeasts in the air settled into the mixture, causing it to bubble and rise. This natural 

fermentation process became the first sourdough, still used today by artisan bakers. It is both delicate and 

robust – alive, wild, and responsive to the environment. 

During the proofing stage, the dough is left to rest in a warm place. Enzymes break down starches into 

simple sugars for the yeast to consume. The dough rises slowly. Some recipes use multiple rises for 

improved flavour and structure. In this stage, the baker becomes a student of patience. The dough cannot be 

forced. Like many things in life, it must rise in its own time. 

Once proofed, the dough is shaped and baked. Here, physics and chemistry take over. As the dough hits the 

heat of the oven, several things happen almost at once. 



First, there is oven spring – a final burst of carbon dioxide production and expansion before the yeast dies. 

Then, proteins and starches begin to coagulate, firming the structure. Water evaporates into steam, helping 

the loaf expand. Simultaneously, the outer crust begins to form. 

The most beautiful part of this process is the Maillard reaction – a chemical reaction between amino acids 

and sugars that creates browning and complex flavour. It’s the reason crust smells toasty and tastes rich. The 

same reaction gives roasted coffee, grilled meat, and toasted marshmallows their depth. 

Heat transfer inside the oven occurs through convection (air currents), conduction (from the pan), and 

radiation (from the oven walls). The ideal bread-baking temperature is typically between 180°C and 230°C, 

depending on the bread type. A lower temperature results in a softer crust, while higher temperatures 

produce a thicker, crunchier exterior. 

Once baked, the loaf must rest. Steam inside continues to escape, and the structure settles. Cut too soon, and 

the crumb may collapse. Wait, and the loaf will sing a soft crackling song as it cools – a final exhale of 

transformation. 

From a scientific perspective, bread is the outcome of chemical reactions, microbial activity, and heat 

transfer. From a human perspective, it is the outcome of labour, care, and anticipation. From a spiritual 

perspective, it is a symbol of God’s provision and our dependence. 

Across history, bread has reflected the heart of a society. 

• In ancient Rome, bakers developed public ovens and guilds. Bread was a civic responsibility. 

• In Jewish homes, the baking of challah on the Sabbath was a sacred task. 

• In monasteries, monks treated breadmaking as worship – praying as they kneaded and offered their 

loaves to the poor. 

• In Ethiopia, injera bread is cooked on a flat pan and used as both plate and utensil. 

• In India, roti is made daily over open flames and eaten fresh with family. 

• In France, the baguette is protected by law and considered a cultural treasure. 

• In Middle Eastern villages, pita bread puffs on hot stones and is served with olive oil and herbs. 

Modern bread factories now produce thousands of loaves per hour using high-speed mixers, mechanical 

proofers, and conveyor ovens. Though efficient, the artistry is sometimes lost. Yet in small bakeries and 

homes, the act of making bread remains deeply personal. It is a craft and a discipline – a form of devotion. 

Even today, scientists continue to study the molecular structure of gluten, the exact temperatures of 

gelatinisation, and the behaviour of wild yeast strains. But the soul of bread is not in a laboratory. It’s in the 

hands of the baker and the hearts of those who receive it. 

Bread is not only a product of scientific precision – it is also a sensory experience. The scent of baking bread 

is universally comforting. This aroma comes from volatile organic compounds released during fermentation 

and baking. The golden crust crackles, the soft interior springs back to the touch, and every bite brings 

warmth and satisfaction. Bread engages all five senses, connecting our biology with emotion and memory. 

Nutritionally, bread provides carbohydrates for energy, proteins for repair, and – when made with whole 

grains – fibre, vitamins, and minerals. Different cultures have developed their own flours: rye in Eastern 

Europe, spelt in ancient Rome, teff in Ethiopia. Each grain reflects the environment, traditions, and values of 

its people. 

Biblically, bread is often associated with sacrifice and offering. In Leviticus, unleavened bread was used in 

grain offerings to the Lord. The Passover meal included matzah – flat, unleavened bread – to commemorate 

the Israelites’ haste in leaving Egypt. In the New Testament, Jesus breaks bread and says, “This is my body, 

broken for you.” The Lord’s Supper is not just a meal – it is a declaration of sacrifice, covenant, and eternal 

life. 



All of this reminds us that baking bread is more than chemistry. It is a form of co-creation. Humans take 

what God has made – grain, water, fire, yeast – and form it into something new. The scientist studies the 

reactions. The baker forms the loaf. The believer gives thanks. 

In the end, bread is a beautiful image of science and faith working together. Through grain and heat, through 

enzymes and yeast, we see both natural law and divine generosity. 

So the next time you make, smell, or eat bread, remember: you are participating in a miracle of design – a 

process that unites body and spirit, earth and heaven, science and wonder. 

To understand how bread is made is to honour the One who made it all. 

C) Narration Activity – Retell the Story 

Student Instructions: 

Close your book or screen and retell the story in your own words – either aloud to a parent/tutor or written in 

your notebook. Try to include: 

• The key steps of how bread is made 

• What scientific processes are involved (biological, chemical, physical) 

• How making bread can be an act of reverence or honour 

Optional Sentence Starters: 

• “Bread is made from...” 

• “The fermentation stage is important because...” 

• “Jesus called Himself the Bread of Life because...” 

 

D) Reflective Thinking Questions 

Choose your level and respond in writing or discussion. 

Years 7–8 

1. What are the three main ingredients used to make bread? 

2. Why does the dough rise? 

3. What does the Bible say about bread that makes it more than just food? 

Year 9 

1. What role do enzymes and yeast play in the breadmaking process? 

2. How does heat transfer affect the texture and structure of the final loaf? 

3. Why is bread called a “symbol of community and worship” in many cultures? 

Year 10 

1. Explain how breadmaking includes biological, chemical, and physical changes. 

2. How does the Maillard reaction affect the appearance and taste of bread? 

3. Why might a Christian see breadmaking as an act of devotion and scientific discovery? 

 



E) Hands-On Activity Options 

Choose ONE of the following to complete: 

 

Option 1: Make Your Own Bread (Scientific & Devotional) 

You will need: 

• 3 cups flour 

• 1 cup warm water 

• 1 tsp salt 

• 1 tsp sugar 

• 1 tbsp yeast 

Instructions: 

1. Mix yeast with warm water and sugar. Let sit for 5 minutes. 

2. Add flour and salt. Stir, then knead for 10 minutes until elastic. 

3. Let the dough rise in a covered bowl for 1 hour in a warm place. 

4. Punch down, knead again, shape into a loaf. 

5. Let rise again for 30 minutes. 

6. Bake at 200°C for 30 minutes or until golden. 

7. Let cool, then slice and share. 

Extension Thought: 

While kneading, pray: “Thank you, Lord, for the gift of food and the mystery of how You made all things.” 

 

Option 2: Scientific Bread Poster 

Create a labelled diagram or poster showing: 

• The stages of breadmaking 

• The roles of yeast, gluten, and heat 

• The Maillard reaction 

• Include a Bible verse about bread (e.g. John 6:35 or Matthew 6:11) 

You may use drawings, charts, or photos. Make it creative and educational! 

 

F) Biblical Worldview Connection – Jesus the Bread of Life 

Bread is one of the most common foods in the world. It is ordinary, daily, and often taken for granted. Yet 

Jesus chose bread to describe Himself: 

“I am the bread of life. Whoever comes to me shall not hunger...” – John 6:35 

He compared our physical hunger to a deeper hunger – for meaning, forgiveness, and eternal life. 

Science helps us understand how bread is made. Faith helps us understand why bread matters. 



God designed the grain, the soil, the heat, the yeast. He also designed our need – not just for nutrients, but 

for grace. 

So, when we make or eat bread, we can choose to honour Him with reverence and gratitude. 

 

Reflective Prayer or Response: 

• “Lord, thank You for being my daily bread. Help me to study science with awe and worship You 

through what I learn.” 

• “Making bread helped me think about how You work through small things to do great things.” 

 

G) Optional Extension Activities 

• Research: Compare ancient methods of baking (e.g. Roman ovens, tabernacle bread, sourdough) 

with modern commercial techniques. 

• Experiment: Try using different flours (rye, spelt, corn) and observe how it affects the texture and 

rise. 

• Watch: A documentary clip or baking series showing artisan breadmaking (e.g. [Great British Bake 

Off] or [How It’s Made – Bread]). 

  



Lesson5 – How Wine Is Made 

Lesson Introduction 

To the student: 

This week, you’re exploring how everyday items – bread, wine, and money – are connected to both science 

and the Bible. In today’s lesson, you’ll discover how wine is made through fermentation, and how this 

ancient process points to transformation, patience, and purpose. 

Wine has been part of feasts, covenants, and sacred ceremonies for thousands of years. From the first 

vineyards planted by Noah to the wedding feast at Cana where Jesus turned water into wine, Scripture is 

filled with imagery involving the “fruit of the vine.” 

In this lesson, you’ll explore the biology, chemistry, and history of winemaking – and how it can reflect a 

life that honours God. 

 

Australian Curriculum v9 Content Descriptions 

Year 7 Science 

• AC9S7H01 – Examine how scientific knowledge changes as new discoveries and developments occur. 

Year 8 Science 

• AC9S8U03 – Investigate the behaviour of non-contact forces in everyday situations, including energy transfer. 

Year 9 Science 

• AC9S9U03 – Explain how energy transfers and transformations cause change in systems. 

• AC9S9H01 – Investigate how advances in scientific understanding often rely on developments in technology. 

Year 10 Science 

• AC9S10U04 – Investigate how the transfer and transformation of energy can be used to explain the behaviour of systems. 

Years 7–10 Design & Technology 

• AC9TDE8K01 – Investigate how forces and the properties of materials affect the behaviour and performance of designed solutions. 

 

B) Informational Story – “How Wine Is Made” 

In the quiet stillness of a sun-drenched vineyard, the grape clusters ripen slowly under the gaze of heaven. 

Green turns to gold. Purple deepens to crimson. And inside each fruit, a miracle is waiting – tiny cells filled 

with sugars, acids, and aroma compounds that hold the promise of transformation. For thousands of years, 

human beings have partnered with nature and time to coax that transformation into something both practical 

and profound: wine. 

Wine is one of the oldest fermented beverages in the world. Archaeological evidence of winemaking dates 

back over 7,000 years to ancient Mesopotamia and Georgia. In the Bible, wine is mentioned more than 200 

times. It appears in celebrations, sacrifices, warnings, and promises. Noah planted a vineyard after the flood. 

Jesus turned water into wine at a wedding in Cana. Paul told Timothy to take a little wine for his stomach. 



Wine is used in the Lord’s Supper to remember Christ’s blood. Whether as symbol or substance, wine has 

always carried meaning. 

But how does grape juice become wine? 

The process begins with the grape – not just any grape, but one cultivated for centuries to yield the perfect 

balance of sugar and acidity. Wine grapes are different from table grapes. Their skins are thicker, their 

flavours more concentrated, and their sugar content higher. 

Harvesting the grapes is a careful decision. Too early, and the wine will be sour and underdeveloped. Too 

late, and the sugar may be too high, producing excessive alcohol. Traditionally, grapes were harvested by 

hand. Today, some vineyards use mechanical harvesters. Either way, the timing matters. 

Once harvested, the grapes are crushed. In ancient times, people stomped them with bare feet in stone vats. 

The juice, pulp, skins, and seeds together form a mixture called must. This is where the chemistry begins. 

Yeast – either added or naturally present on the grape skins – starts to feed on the sugar in the must. This 

process is called alcoholic fermentation. It’s a biological reaction in which yeast consumes sugar and 

produces two main by-products: ethanol (alcohol) and carbon dioxide gas. 

This process continues over several days or weeks, depending on the temperature, the sugar content, and the 

type of yeast. The warmer the environment, the faster the fermentation – but speed isn’t always the goal. 

Winemakers often choose slow, cool fermentations to preserve delicate flavours. 

During fermentation, the “must” should be stirred or pumped to keep the skins wet and to encourage even 

extraction of colour and tannins. In red wines, the skins remain with the juice. In white wines, the skins are 

usually removed before fermentation begins. 

Eventually, the yeast consumes most of the sugar and dies off. What remains is a young wine, still raw and 

cloudy, filled with flavour and potential. 

Now the next phase begins: maturation and ageing. The wine is transferred to barrels or stainless-steel 

tanks. Over weeks or months, particles settle. Acids balance. Flavours mellow. In oak barrels, wine absorbs 

subtle notes of vanilla, spice, and toast from the wood. In steel, the wine remains pure and clean. 

The chemical changes during ageing are complex. Compounds known as esters and phenolics react and 

evolve. These influence the aroma, taste, and structure of the wine. Some wines are aged for years. Others 

are best enjoyed young. 

Finally, the wine is filtered, bottled, corked, and labelled. Some bottles are stored to improve further. Others 

are opened and shared. And at last, the transformation is complete: from grape to juice, from juice to wine, 

from sweetness to depth. 

Scientifically, winemaking is a combination of microbiology, organic chemistry, and physics. But culturally, 

it is something more. 

In ancient Israel, wine was a sign of blessing. Psalm 104 says God gave “wine to gladden the heart of man.” 

At weddings, feasts, and festivals, wine marked joy. Yet the Bible also gives warnings. Proverbs teaches that 

wine can mock or lead astray. As with many of God’s gifts, the key is honour. 

In the New Testament, wine takes on even greater meaning. At the Last Supper, Jesus held a cup of wine 

and said, “This is my blood of the covenant, poured out for many.” Wine became a symbol not only of joy, 

but of sacrifice. 



Fermentation itself is a kind of death and rebirth. Yeast lives, eats, dies – and leaves behind something 

better. This echoes the gospel: through Christ’s death, we receive new life. Through transformation, we are 

made new. 

The yeast, unseen, works patiently. It turns something simple into something rich. It’s a beautiful picture of 

how God’s Spirit works within us, slowly changing us from the inside out. 

Today, winemaking is both an art and a science. Modern wineries use microscopes, thermometers, and 

titration kits to measure acid and sugar levels. They use hydrometers to track fermentation. They analyse 

tannins and pH. Yet no machine can replace the intuition of the winemaker, who smells, tastes, and listens to 

the living process within each barrel. 

There are also non-alcoholic grape juices made through early pasteurisation. These are used in Christian 

communion, especially among traditions that abstain from alcohol. Though different in chemistry, the 

symbolism remains: the fruit of the vine, shared in remembrance. 

To make wine well requires humility. You can’t rush the process. You can’t force it. You must watch, wait, 

and respond. It’s a dance between creation and chemistry, between what God made and what humans 

cultivate. 

In ancient times, winemaking was central to community life. In Israel, winepresses carved into stone 

hillsides allowed families to crush grapes during harvest. These presses had two parts: an upper basin for 

stomping grapes and a lower basin where juice collected. Clay jars known as amphorae stored wine 

underground or in cool caves. Some ancient wines were spiced, sweetened, or even salted to improve 

preservation and taste. 

In Greece, wine was mixed with water and used in philosophical banquets. In Rome, wines were aged in 

smoky rooms and transported in goatskin bottles. In China, fermented grape and rice wines appeared in early 

dynasties. Nearly every ancient civilisation discovered how to work with yeast – often without even 

knowing it existed. 

Yeast itself is a marvel of God's design. A single cell of Saccharomyces cerevisiae contains internal systems 

that digest sugar and produce carbon dioxide and ethanol. Yeast can reproduce rapidly, adapt to different 

environments, and survive in both aerobic and anaerobic conditions. In wine, it converts potential energy 

(sugar) into something new (alcohol), leaving behind residual heat and gas. This is not magic – it’s 

microbiology. But it is also miraculous. 

Scientists now classify different yeast strains based on their behaviour. Some produce fruity aromas. Others 

generate high alcohol tolerance. Winemakers select strains like artists choose colours – crafting blends that 

express both vineyard and vision. 

During secondary fermentation, especially in sparkling wines, carbon dioxide is trapped in sealed bottles, 

creating bubbles. Champagne undergoes riddling (turning bottles slowly) and disgorgement (removing 

sediment). Each step is precise and rooted in centuries of tradition and experimentation. 

Wine also teaches us about time. A grape grows in one season. Wine may mature over decades. Oxygen 

interacts slowly with tannins and flavonoids. Acidity softens. Aromas deepen. Some wines “peak,” then 

decline. Others are best young. This ageing process reminds us that some things cannot be rushed. Wisdom, 

like wine, is matured. 

In the Bible, time and wine go hand in hand. Jesus compares the Kingdom of God to new wine needing fresh 

wineskins. He warns that old wineskins cannot hold new ferment – lest they burst. This metaphor shows that 

God’s work in us also requires transformation and flexibility. We must make room for the Spirit’s ongoing 

renewal. 



In Jewish worship, wine was part of offerings and Sabbath meals. The Kiddush blessing still spoken today 

begins, “Blessed are You, Lord our God, King of the universe, who creates the fruit of the vine.” This 

blessing connects science and gratitude. It acknowledges fermentation, agriculture, and divine provision. 

Christians share in this too. When believers gather for communion, they take the cup “in remembrance” of 

Christ. The fruit of the vine becomes a symbol of sacrifice, joy, unity, and eternal life. 

Even for those who abstain from drinking wine, the lesson of wine remains: we are all invited into 

transformation. Like grapes crushed and aged, we too are shaped by pressure and time, waiting and renewal. 

The yeast within – God’s Spirit – brings new life, flavour, and strength. 

So, as you study the science of wine, do so with reverence. Don’t just learn the reactions. Consider the 

relationships. Between Creator and creation. Between the vine and the vinedresser. Between body and spirit. 

And let the slow, sacred process of winemaking remind you: 

There is glory in waiting. 

There is wisdom in fermentation. 

And there is honour in discovering how God designed even the smallest cell to serve a greater purpose. 

 

 

C) Narration Activity – Retell the Story 

Instructions for the student: 

Close your screen and retell what you’ve learned – either aloud to a parent/tutor or in writing. Use your own 

words to describe: 

• How wine is made 

• What fermentation does 

• How the Bible connects wine to worship, sacrifice, or celebration 

Optional sentence starters: 

• “The winemaking process begins with...” 

• “Yeast plays an important role in wine because...” 

• “In the Bible, wine symbolises...” 

 

D) Reflective Thinking Questions 

Choose your level and answer thoughtfully. 

Years 7–8 

1. What ingredient is responsible for fermentation in wine? 

2. What changes happen to grape juice during fermentation? 

3. Why do you think Jesus used wine at the Last Supper? 

Year 9 

1. How does yeast convert sugar into alcohol? 



2. What is the purpose of ageing wine after fermentation? 

3. How does the idea of “transformation” in winemaking relate to your life? 

Year 10 

1. Describe the biological and chemical changes in the winemaking process. 

2. Why is temperature and time management important in fermentation science? 

3. How can science and Scripture both reflect transformation and reverence? 

 

E) Hands-On / Creative Activity Options 

Choose ONE of the following: 

 

Option 1: Observe Fermentation at Home (Non-alcoholic) 

Materials: 

• Clear jar or bottle 

• Warm water 

• 1 tsp sugar 

• 1 tsp dry yeast 

• Balloon 

• Rubber band 

Instructions: 

1. Add warm water, sugar, and yeast to the jar. 

2. Stretch the balloon over the top and secure with a rubber band. 

3. Place in a warm spot and observe for 1–2 hours. 

What happens: 

The yeast will consume sugar and release carbon dioxide, inflating the balloon. 

Reflection: 

• What does this tell you about yeast? 

• What if fermentation didn’t occur? 

• Why is waiting part of the process? 

 

Option 2: Create a “Vine to Wine” Flow Chart 

Create a poster or digital chart showing: 

• Each stage of winemaking (Harvest → Crush → Ferment → Age → Bottle) 

• The scientific changes at each step 

• A Bible verse that connects to each part (e.g. John 15:5 for the vine) 

Add artistic elements like grapevines, barrels, or yeast cells! 



 

F) Biblical Worldview Connection – Transformed from the Inside 

Out 

Wine in Scripture is never just a drink. It is: 

• A gift (Psalm 104:15) 

• A warning (Proverbs 20:1) 

• A symbol of blessing (Isaiah 25:6) 

• A reminder of sacrifice (Matthew 26:27–29) 

• A metaphor for new life (John 15:1–8) 

Jesus said, “I am the vine, you are the branches.” Without the vine, we bear no fruit. Without fermentation, 

grape juice cannot become wine. The science reflects a deeper truth: we are meant to be transformed. 

Just as yeast works slowly and silently, so too the Holy Spirit changes us from the inside out – bringing new 

depth, beauty, and joy. 

 

Reflection Prompt: 

Write a prayer or short response starting with: 

“Lord, thank You for the way You created transformation in nature and in me...” 

 

G) Optional Extension Activities 

• Research: What does the Bible say about vineyards, wine, and worship? 

• Investigate: Compare alcoholic and non-alcoholic wine-making methods. 

• Watch: A short video on ancient or modern winemaking (e.g. Nat Geo or PBS). 

• Creative Writing: Write a short story where yeast is a symbol of hope or patience. 

  



Lesson 6 – Money, Coins & Notes 
 

Australian Curriculum v9 Content Descriptions Addressed 

Science – Years 7–10 

• AC9S7H01 / AC9S8H01 / AC9S9H01 / AC9S10H01 – Examine how people use scientific knowledge to evaluate claims and inform personal, 
societal, and economic decisions. 

• AC9S7U04 / AC9S8U04 – Investigate how properties of materials affect their use, particularly in manufacturing and everyday contexts. 

Design & Technology – Years 7–10 

• AC9TDE8K02 / AC9TDE10K02 – Examine the evolution of designed solutions and the impact of emerging materials and technologies on design 

decisions. 

• AC9TDE8P01 / AC9TDE10P01 – Explore and document how social, ethical, economic, and sustainability considerations influence design solutions. 

 

A) Introduction 

Have you ever stopped to think about what money really is? It’s something we use every day – buying food, 

saving for the future, or maybe even earning for chores or a job. But what gives money its value? Why do 

we trust a plastic note or a metal coin to buy something? 

In today’s lesson, we’ll explore the science and technology of money – from ancient bartering systems to 

modern polymer banknotes. You’ll learn how coins are made, what materials are used in modern currency, 

and how governments use science and design to protect money from forgery. You’ll even find out why 

Australia is a world leader in banknote innovation! 

We’ll also think about the deeper meaning behind money. In ancient times, coins often bore the face of a 

ruler – like Caesar. But the Bible tells us that we bear a far more important image: the image of God. Money 

can be a tool for good – or it can become an idol. As followers of Christ, we are called to use what we have 

with honour, devotion, and reverence for God. 

As you read today’s story, think about these questions: 

• How is money connected to science and design? 

• What does it mean to bear someone’s image? 

• Can money shape people’s hearts – or reflect what’s already inside? 

Let’s begin this fascinating journey – from Petra’s marketplace to Australia’s banknote laboratories – and 

see how even the smallest coin or note carries a message. 

 

B) Informational Story – “The Metal and the Message” 

Young Petra adjusted her scarf and glanced nervously at the small stall she had set up beside the well-worn 

road leading to the city gate. Her hands, brown from sun and stained with dye, trembled slightly as she 

arranged her wares – small ceramic jars, each filled with the rich indigo paint her family had been making 

for generations. 

But today was different. 



A merchant from Rome had come the week before, and he had paid – not with grain or goats or olives, but 

with a shiny, unfamiliar coin marked with the face of Caesar. Petra had been fascinated and a little 

unnerved. Her father had frowned. “This is not the money of our people,” he had said. “But Rome has ruled 

us now for many years. We must understand their ways.” 

So here she was, waiting to trade in the new currency. Coins of bronze, silver, and gold had begun to replace 

bartering in their region. But how had this come to be? And how had people learned to trust a flat piece of 

metal or a slip of papyrus as having value? 

 

From Barter to Minted Metal 

Long ago, people exchanged goods directly. A farmer might trade eggs for wool, or grain for olive oil. This 

was the barter system, and while it worked in small communities, it was terribly inconvenient on a larger 

scale. 

Imagine needing bread but only owning fish. What if the baker didn’t want fish that day? Or what if your 

fish would spoil before he agreed to trade? 

Societies across the world soon realised they needed a medium of exchange – something everyone agreed 

had value and could be used to buy and sell goods more efficiently. 

At first, this included things like shells, salt, beads, and even cattle. But gradually, people began using metal 

– especially precious metals like silver and gold – because they were durable, portable, and rare. 

In ancient Lydia (modern-day Turkey), the first stamped coins were produced around 600 BC. These were 

lumps of electrum, a natural alloy of gold and silver, stamped with images of animals or rulers using heavy 

dies and hammers. 

Coins spread rapidly across empires – Greece, Persia, India, China, and eventually Rome – each culture 

adapting the idea and refining the process of minting to suit their needs. 

 

The Metallurgy Behind Coins 

The making of coins is both an art and a science. Early coins were shaped by hand, but as civilisations 

advanced, the process became more refined. 

To mint a coin, metal must be melted and cast into blanks called planchets. The composition of the metal is 

carefully chosen – bronze (an alloy of copper and tin), silver, and gold were common in ancient coins. 

Today, modern coins are often made from layered metals like copper-nickel or even steel with plated 

coatings, depending on economic and durability needs. 

Once planchets are prepared, they are struck with engraved dies under intense pressure to imprint the design. 

The precision of weight, metal purity, and engraving made coins difficult to fake – an early form of anti-

counterfeiting. 

Roman coins often bore the image of the Emperor. This reminded citizens who ruled them – and subtly 

reinforced the belief that Rome stood behind the coin’s worth. These coins became more than just money. 

They became tools of propaganda, messages of power and control. 

 



Why Coins Work 

Coins work because of three key principles: 

1. Intrinsic Value – The material itself (like silver or gold) is valuable. 

2. Trust – People believe the issuing authority guarantees the value. 

3. Standardisation – Coins are minted to consistent weights and sizes. 

Even today, coinage depends on these ideas. But as economies grew and coins became cumbersome for 

large transactions, new innovations emerged. 

 

A New Form: Paper Money 

Centuries later, in China during the Tang and Song Dynasties (around 700–1000 AD), the first paper money 

appeared. This was revolutionary. Instead of carrying heavy coins, merchants could carry lightweight notes 

representing a certain value. 

These early notes were backed by a promise – they could be exchanged for real coins or goods at a trusted 

bank or official house. 

But this introduced a risk: the note itself had no value unless people believed it did. Faith and trust became 

essential in economics. 

As time passed, paper notes began to replace metal even in Europe. During the Renaissance, Italian 

merchants used promissory notes. Banks began issuing slips that could be exchanged for gold. This was the 

origin of the banknote. 

 

From Paper to Polymer: Modern Money in Australia 

Fast forward to the 20th century, and Australia becomes a world leader in money technology. 

In 1988, Australia issued the world’s first full series of polymer banknotes – plastic money. These weren’t 

just waterproof and long-lasting. They were scientifically engineered to resist forgery. 

Let’s explore the science and technology behind these advanced notes: 

1. Polymer Substrate 

Polymer notes begin with a special plastic film made from biaxially oriented polypropylene (BOPP). This 

material is strong, resistant to moisture and dirt, and holds up to folding and tearing far better than paper. It’s 

also recyclable and more sustainable than cotton-based paper notes. 

2. Security Features 

To prevent counterfeiting, banknotes incorporate multiple layers of security: 

• Transparent Windows – Part of the note has no ink at all, allowing clear images or shapes to be 

embedded. 

• Holograms & Foil Strips – These reflect light in specific ways, changing colours or images as the 

note is tilted. 

• Microprinting – Tiny text that can only be seen under a magnifying glass. 



• Colour-Shifting Ink – Changes colour depending on angle. 

• Tactile Marks – Dots or lines help visually impaired people identify denominations. 

These features make counterfeiting extremely difficult, requiring advanced equipment and specialised 

materials. 

3. Precision Printing & Microengineering 

Banknotes are printed using a combination of offset printing, intaglio printing (which produces raised ink), 

and digital microengineering. High-resolution design software ensures every pattern, image, and font is 

optimally placed. 

Some areas of the note are printed using nanotechnology techniques to ensure that minute patterns distort or 

disappear under magnification – another level of defence. 

4. Chemical Inks & Anti-Fraud Coatings 

Inks are specially formulated using pigments that react to UV light or magnetic sensors. Some notes even 

include serial numbers coded with invisible chemical markers that machines can detect but humans cannot 

see. 

 

Evaluating the Impact: A Science-Society Intersection 

These technological innovations in money go beyond materials science. They intersect with economic 

decisions, government policy, and global trade. 

Designers must ask: 

• How secure is this design? 

• How long will it last in circulation? 

• What are the environmental impacts of printing and disposing of these materials? 

• Can it be read by machines across the country, or even the world? 

Thus, money design is a great example of how science serves society – and how scientific knowledge shapes 

our daily lives in ways we don’t always notice. 

This aligns with content descriptions in Years 7–10 Science (AC9S7H01 to AC9S10H01), as students are 

invited to think critically about how knowledge is applied in real-world contexts. 

 

Beyond Physical Currency: Digital and Cryptocurrency 

In today’s world, much of our money is no longer tangible. With debit cards, online banking, and 

cryptocurrencies, transactions now involve digital entries, code, and blockchain verification. 

Cryptocurrency, for instance, uses decentralised computer networks and cryptographic algorithms to 

record and verify transactions without a central authority. While controversial and volatile, these 

technologies are pushing innovation and raising questions about what money really is. 

Even this is a technological design problem: how do we create secure, fair, and accessible digital currencies? 

How can software and encryption be trusted as much as metal or plastic? 



As money becomes less physical, trust becomes even more crucial. But unlike physical coins that bear a 

ruler’s face, digital money carries no image – only numbers and code. What will this mean for the future? 

 

Honour, Trust & the Image We Bear 

Petra looked down at the coin from Rome. It glinted in the light – impressively crafted, bearing Caesar’s 

profile and Latin inscriptions. It was valuable because others believed it was. 

But a strange thought struck her: “We too bear an image.” 

She remembered the words of the teacher Yeshua, once repeated in hushed tones across the region: “Show 

me the coin used for paying the tax… Whose image is this? … Give to Caesar what is Caesar’s, and to God 

what is God’s.” 

Coins bear the image of the king. We bear the image of God. 

Money, then, must never be our master. It is a tool. It can honour or dishonour God. It can serve others or 

oppress them. It is built on trust – and so is faith. A coin cannot love. A note cannot forgive. But we, made 

in the image of the Most High, are called to live lives of honour and reverence. 

In our hands, wealth can be used to build hospitals or fund wars, feed the hungry or feed greed. Technology 

can make it secure or manipulatable. But behind it all lies a choice of the heart. 

Petra finally handed the coin back to the merchant and accepted another in its place. This one had Hebrew 

markings. Old and tarnished. A small reminder that while money changes hands, the value of a person – 

made by God – does not. 

 

C) Reflection Questions 

For Years 7–8 

1. Why was the barter system eventually replaced by coins and notes? 

2. What scientific processes are involved in modern coin and banknote production? 

3. What makes a polymer banknote difficult to counterfeit? 

4. How does trust in currency relate to societal trust in general? 

For Years 9–10 

1. Explain how the evolution of money reflects technological advancement. How has this changed the 

way societies function? 

2. What ethical considerations should governments and scientists think about when designing and 

issuing money? 

3. Compare the role of trust in economic systems with the role of trust in Christianity. How are they 

similar or different? 

4. How does the biblical concept of “bearing God’s image” affect the way we view material wealth? 

 

 

 

 



D) Hands-On Activity Options 

Option 1 – Design a Secure Banknote (Science + Technology + Design) 

Materials: Paper or plastic sheet, pens, coloured pencils, aluminium foil, glue, scissors, plastic film, 

magnifying glass 

Instructions: 

1. Research at least five security features used in Australian polymer banknotes. 

2. Design your own banknote using a fictional currency for a made-up country. 

3. Include advanced security features such as: 

o Transparent windows (cut out and overlay with plastic) 

o Microprinting (use very fine text) 

o Holographic foil (use aluminium foil with drawn patterns) 

o Raised textures or tactile elements (using glue lines or dots) 

o UV or colour-change effects (imitated with colour layering) 

4. Present your banknote to a family member and explain the science behind each feature. 

Option 2 – Mint a Model Coin (Metal Science + History + Design) 

Materials: Air-dry clay, circular cutter or bottle cap, carving tool or toothpick, gold/silver paint 

Instructions: 

1. Research historical coins from Ancient Rome, Greece, or Israel. 

2. Roll out clay and cut circular ‘coin blanks’ about 3–5 cm in diameter. 

3. Use a carving tool to engrave a design: an emperor, a symbol, or words. 

4. Let dry, then paint to resemble bronze, silver, or gold. 

5. Write a short description of the figure or message on your coin. 

6. Reflect: How did early people view coins differently than we do today? 

 

E) Biblical Worldview Connection 

Money is more than currency – it is a test of our values. The Bible speaks often of wealth, not to condemn 

its use, but to caution its power. Jesus said, “You cannot serve both God and money” (Matthew 6:24), 

reminding us that money is a tool, not a master. 

Romans minted coins to declare the authority of Caesar. But believers are marked with a higher image – the 

image of God. Genesis 1:27 reminds us, “So God created mankind in His own image…” 

The world values money by image, rarity, and trust. But God values people. He has called us to act with 

honour, to use resources for good, and to trust Him more than anything minted or printed. 

In a time of rising digital wealth and disappearing physical money, Christians must ask: Are we honouring 

God with our use of resources? Are we building or destroying with the tools we’ve been given? 

 

F) Narration Activity 

Student Instructions: 

Retell the story “The Metal and the Message” in your own words. You might focus on: 

• How Petra felt about Roman coins 

• How money evolved from barter to digital forms 

• How science and trust make currency work 



• The connection between image-bearing and honouring God 

You may: 

• Speak your narration aloud to your parent or tutor 

• Record an audio version 

• Write a one-paragraph summary in your notebook 

 

  



 

 

TOPIC 

3 

COLOSSEUM & CATACOMBS 

Lesson 7 – Colosseum Architecture 
Links to Australian Curriculum v9 – Content Descriptions 

Science – Years 7–10 

• AC9S7U03 / AC9S8U03 – Investigate the interaction between force, materials, and structure in the design of systems and environments. 

• AC9S9H01 / AC9S10H01 – Examine how people use scientific knowledge to evaluate claims and inform decisions, considering historical and societal 
contexts. 

Design & Technology – Years 7–10 

• AC9TDE8K02 / AC9TDE10K02 – Investigate the influence of historical and emerging technologies on the development of structures and the built 

environment. 

• AC9TDE8P02 / AC9TDE10P02 – Apply design thinking to develop solutions for needs in familiar and unfamiliar contexts using appropriate 

materials and systems. 

 

Introduction – Topic 3, Lesson 1: Colosseum Architecture 

The Colosseum in Rome is one of the most recognised structures in the world. But it’s more than just a ruin. 

It’s a wonder of engineering and architecture – so advanced that some of its design techniques are still used 

in modern stadiums today. 

How did ancient Roman builders construct such a massive amphitheatre without cranes, electric saws, or 

computer programs? What scientific principles did they use to ensure it could hold tens of thousands of 

people without collapsing? And what does this ancient building reveal about the people who built it – and 

the God who sees all things? 

In this lesson, you’ll: 

• Learn about Roman arches, vaults, and concrete construction. 

• Explore the science of materials and weight distribution. 

• Discover how the Colosseum’s design influenced today’s architecture. 

• Reflect on the contrast between buildings built for fame and those built for faith. 

The Romans built the Colosseum for spectacle and glory – but we are invited to build our lives on 

something greater. As you explore its architecture, think about what kind of legacy you want to leave, and 

how science, design, and devotion can all work together for God's glory. 

Let’s step back in time and see what secrets lie in the stones. 

 



B) Informational Story:  “The Stones that Shout”. 

The early sun cast long golden streaks across the ruins of the Colosseum, and Marcus stood in its shadow, 

feeling both small and strangely at home. 

He wasn’t a Roman, not really. His family came from northern Gaul, and his skin was fairer than most. But 

as an apprentice architect in the Empire’s greatest city, he knew he was part of something massive. Not just 

a building. A symbol. 

Today, he’d been granted permission to enter through the hypogeum – the underground labyrinth beneath 

the great amphitheatre. His master, an older architect named Fabius, believed that true learning began not 

with scrolls but with stones. 

“Watch closely, boy,” said Fabius as they stepped beneath the wooden arena floor, lit by narrow slits in the 

ceiling. “This building does not whisper – it shouts.” 

 

The Glory and Ambition of Rome 

By the time Marcus walked its corridors, the Colosseum – also known as the Flavian Amphitheatre – had 

already become the pride of Rome. Built between AD 72 and 80 under the emperors Vespasian and Titus, it 

could hold 50,000 to 80,000 spectators. Gladiator battles, wild beast hunts, public executions – it was a place 

of power, control, and drama. 

But for all its violence, the Colosseum was also a marvel of engineering. Fabius saw it not as a place of 

cruelty but of craft. 

“Look up,” said Fabius, pointing to a series of interlocking arches. “What keeps it standing?” 

Marcus hesitated. “The stone?” 

“Not just stone. The arch.” 

 

The Roman Arch: Strength in Curves 

Arches were the backbone of Roman architecture. Made from carefully cut stones or bricks, each arch 

transferred weight outward and downward, allowing structures to span wide spaces without collapsing. They 

were based on fundamental physical principles of force distribution – what we now call compression. 

The keystone, the final stone at the top of the arch, held everything together. Without it, the arch would 

collapse. It was a simple idea – curve the load, distribute the pressure – but it allowed Romans to build 

bigger, stronger, and higher than ever before. 

In the Colosseum, arches weren’t just structural. They were systematic. Repeating rows of arches formed 

each level, combining symmetry, function, and aesthetic beauty. 

“They are like ribs,” Fabius explained. “One is fragile. But a full ribcage is mighty.” 

 

 

 



Vaults, Domes, and Concrete Innovation 

From arches came vaults – elongated arches that formed ceilings and tunnels. Then came domes, as seen in 

the Pantheon. Roman builders turned horizontal force into vertical support, enabling expansive ceilings 

without internal columns. 

And then came their secret weapon: opus caementicium – Roman concrete. 

“Do you know why this structure endures?” Fabius asked. 

Marcus guessed, “The stone?” 

“No. The mix.” 

Roman concrete was made from volcanic ash, lime, water, and rubble. When these ingredients were 

combined, the mix underwent a pozzolanic reaction, forming compounds that strengthened over time. It was 

durable, resistant to water, and remarkably long-lasting – even underwater. 

The Colosseum’s foundations were poured in concrete, then layered with heavy travertine blocks above. 

Elsewhere, lighter materials – like tufa and brick – were used for balance. Iron clamps held stones in place, 

and engineers cleverly inserted hollow terracotta pots inside vaulted ceilings to reduce weight. 

“It’s like a cake,” Marcus said, feeling the textures in the wall – brick, stone, mortar. 

“Yes,” said Fabius. “A cake that will outlive us both.” 

The entire design was a system of thoughtful material science – adjusting mass and strength according to 

need. 

Roman engineers understood that not all materials behaved the same. Travertine, for example, was strong 

under compression but brittle under tension. Bricks could take more bending. And concrete – flexible when 

wet, solid like stone when cured – was the perfect complement. 

What made Roman concrete especially durable was its ability to undergo continuous hydration. Even 

centuries after setting, minerals like calcium-aluminium-silicate hydrate continued to grow inside the matrix, 

sealing cracks and increasing resilience. 

Marcus once experimented with a small mix of his own. He watched as lime reacted with water in an 

exothermic fizz. “It’s alive,” he joked. 

“In a way,” Fabius said. “It breathes and strengthens as it ages. That’s the genius.” 

 

 

Seating Design: Social Engineering in Stone 

Above ground, the Colosseum was divided into tiers to reflect Roman society’s rigid class system. The best 

seats, closest to the arena, were for senators and dignitaries. Then came citizens, followed by freedmen, and 

finally women and the poor in the uppermost sections. 

Each social group had designated entrances and staircases, marked with Roman numerals on stone arches. 

There were 80 entry arches in total, and efficient staircases led people to their assigned sections. It’s 

estimated that 50,000 people could enter or exit the Colosseum in less than 15 minutes. 



This was more than design. It was social engineering. 

“They built it to control not just the crowds,” Fabius murmured, “but the hearts of the people. If you feel 

small, you obey.” 

Marcus frowned. He admired the structure, but not the motives behind it. 

 

The Velarium: Engineering Shade 

As they emerged into the open arena, Marcus shaded his eyes. 

“How do they protect the crowd from this heat?” he asked. 

“The velarium,” said Fabius, pointing upward. “A canopy, drawn by ropes.” 

Stretching across two-thirds of the arena, the velarium was a vast retractable awning, made from sailcloth. It 

was operated by sailors from the Roman navy, stationed atop a ring of posts surrounding the top of the 

structure. 

Using winches, pulleys, and anchors, the sailors adjusted the canvas to match the sun’s position and wind 

speed. Geometry, wind resistance, and fabric tension all had to be calculated with precision. 

Marcus imagined the coordination – dozens of men, hauling ropes in synchrony, shaded by sails that danced 

in the breeze. 

“Is it to honour the people?” he asked. 

“No,” said Fabius. “To honour the Emperor. Always.” 

In the Colosseum, arches weren’t just structural. They were systematic. Repeating rows of arches formed 

each level, combining symmetry, function, and aesthetic beauty. 

“They are like ribs,” Fabius explained. “One is fragile. But a full ribcage is mighty.” 

Marcus nodded. He had studied the mechanics of arches in theory – how a load applied at the top is 

transferred down through the curved stones and outward into the supports. It was all about compression. The 

wedge-shaped stones, called voussoirs, squeezed against each other with downward force. But if the arch 

was not properly supported at its base, the outward thrust could collapse the entire structure. 

“What happens if the side walls shift?” Marcus once asked. 

“Then the arch spreads, and falls,” said Fabius. “That’s why Roman builders always pair their arches or 

buttress them.” 

Some larger arches in the Colosseum were filled with stone to reduce pressure. Others were hollowed to 

reduce weight. Every detail served a purpose. 

 

 

 



Construction Logistics: Tools and Technology 

In his later studies, Marcus came to admire the ingenuity of Roman construction tools. Treadwheel cranes, 

operated by men walking inside giant wooden wheels, lifted huge blocks into place. Leverage and 

counterweights were calculated carefully using early principles of physics. 

Pulleys, wedges, chisels, and plumb lines were basic but precisely used. Everything was measured using 

standard Roman units like the pes (foot) and digitus (finger). The organisation of labour was just as 

impressive – engineers, labourers, stonecutters, scaffolders, and foremen all working in synchrony. 

“Every stone here,” Fabius once said, “is a decision made by a hundred minds.” 

Everything was measured using standard Roman units like the pes (foot) and digitus (finger). The groma, a 

surveying instrument with weighted plumb lines, helped lay out straight lines and right angles. Builders 

would set sighting poles across the site and align the cross-arms of the groma to establish a grid. 

Using only ropes, stakes, and plumb bobs, Roman engineers achieved near-perfect symmetry. When laying 

out the ellipse of the arena, they used a pair of stakes with a rope looped around them – like a giant compass. 

One stake served as the fixed point, and the rope was stretched and swung in arcs to mark the curve. 

Marcus often marvelled at the precision. 

“And we still get measurements wrong today,” he muttered once. 

“Because we don’t listen to the tools,” said Fabius. “We rush. They watched. They waited.” 

 

Science, Power, and Propaganda 

At the main entrance, a marble inscription declared that the Colosseum had been funded from the spoils of 

the Jewish War – specifically, from the sacking of the Temple in Jerusalem in AD 70. 

Marcus had heard the stories: the golden menorah paraded through Rome, the temple vessels displayed, the 

captives used as forced labour. 

Now this amphitheatre – dedicated to Roman gods – had been constructed on the backs of the conquered. 

Fabius ran his fingers over the chisel marks. “The Emperor wants you to believe this is forever.” 

“But it’s not?” Marcus asked. 

Fabius shook his head. “Stone lasts. But pride crumbles.” 

 

A New Kind of Building 

Years passed. Marcus became a master architect, respected for his innovation and craftsmanship. But 

something changed in his heart. 

He met Christians – once persecuted in the arena – and came to follow the teachings of Christ. He now 

viewed the world differently. Power and design still amazed him, but his values had shifted. 

He returned to the Colosseum once more – no longer to marvel, but to reflect. 



The games had ended. The amphitheatre had suffered earthquakes, lightning, and looting. But the skeleton 

remained – a ribcage of a fallen empire. 

All around Rome, small churches were being built. Not for glory, but for worship. They used arches and 

vaults too – but without columns of pride. 

He remembered the words of a bishop he’d once met: 

“Unless the Lord builds the house, the builders labour in vain.” (Psalm 127:1) 

 

Comparing Then and Now 

As Marcus aged, he witnessed the beginnings of new construction techniques. The early Christian basilicas 

used brick and timber rather than stone. Instead of columns made to awe, windows were made to bring light. 

Instead of imperial tributes, there were crosses. 

He once explained to an apprentice how even the greatest materials were not enough. 

“You can use the finest stone, pour the strongest concrete, and carve the most detailed inscriptions,” he said. 

“But if it’s built for self, it will not stand in eternity.” 

 

What We Build Matters 

Today, historians study the Colosseum as a wonder of engineering and architecture. Scientists admire the 

strength of its concrete. Designers marvel at its layout. And builders still learn from its arches. 

But for Marcus, the deeper question remained: What are we building? 

You can build for fame, for crowds, for your name carved in stone. Or you can build for love, for God, for 

eternity. 

The Colosseum was built with skill. But it was also built with pride. The churches of Rome were built with 

faith. 

Marcus had learned how to shape stone. But in the end, he gave his heart to shaping lives. 

Let us do the same. 

 

 

C) Reflection Questions 

Years 7–8 

1. What is the main function of an arch, and why was it important in Roman architecture? 

2. Why did the Romans choose different materials (like concrete, travertine, and brick) for different 

parts of the Colosseum? 

3. How did the velarium demonstrate Roman understanding of physics and teamwork? 



4. What lessons can we learn about pride and legacy from Marcus’s reflection? 

Years 9–10 

1. Explain how force distribution in an arch works, including the concepts of compression and thrust. 

2. How did the Romans combine material science and social structure in their design of the Colosseum? 

3. Compare ancient Roman construction techniques with a modern stadium. What has changed, and 

what has stayed the same? 

4. Why is the idea of “building with faith” more enduring than building with pride or power? 

 

D) Hands-On Activity Options (Choose One) 

Option 1 – Build an Arch from Paper or Cardboard 

Explore compression and structure with a hands-on model. 

You’ll need: 

• Cardboard or thick paper 

• Scissors 

• Ruler 

• Pencil 

• Glue or tape 

• A printed template of arch stones (or draw your own wedge shapes) 

Instructions: 

1. Cut out several wedge-shaped pieces to form voussoirs. 

2. Arrange them into a semi-circle, using a keystone at the top. 

3. Use a backing wall or two side supports to simulate the thrust. 

4. Test what happens when you remove or loosen the side supports. 

5. Record your observations and explain why the arch stands – or doesn’t. 

 

Option 2 – Roman Concrete Science Experiment 

Test the strength of ancient-style materials. 

You’ll need: 

• Plaster of Paris or a simple cement mix 

• Sand 

• Gravel 

• Optional: volcanic ash or brick dust (to imitate pozzolana) 

• Water 

• Moulds (small plastic cups or trays) 

• Timer and measuring cup 

Instructions: 

1. Mix different combinations of plaster/sand/gravel in small batches. 

2. Pour into moulds and label each sample. 

3. Let dry for at least 24 hours. 

4. Test strength by adding weight or trying to break by hand. 



5. Record which formula is strongest and explain why. 

 

Option 3 – Design a Miniature Colosseum 

Model Roman engineering with modern tools. 

You’ll need: 

• Craft sticks, straws, or LEGO 

• Cardboard for a base 

• Hot glue or tape 

• Pencil and paper for sketching 

Instructions: 

1. Sketch a rough design of your Colosseum model (focus on arches and seating). 

2. Build the outer wall using repeating arch shapes. 

3. Create tiered seating levels or an arena floor. 

4. Present your model to your family and explain how it reflects the real Colosseum’s function. 

5. Reflect on what message your building would send – pride, faith, or purpose? 

 

E) Biblical Worldview Connection 

The Colosseum was built to impress, dominate, and glorify the power of man. It was a marvel of human 

design – but also a symbol of pride, control, and sometimes cruelty. 

Yet we are reminded in Psalm 127:1, “Unless the Lord builds the house, the builders labour in vain.” 

Jesus said, “Do not store up for yourselves treasures on earth... but store up for yourselves treasures in 

heaven” (Matthew 6:19–20). The most magnificent building fades; the most skilful design erodes. But a life 

built on obedience to Christ endures forever. 

Just as Marcus learned to admire the engineering but give his heart to something eternal, we too are invited 

to see the difference between temporary greatness and godly faithfulness. 

Whether you design bridges, write music, farm land, or raise children, build it all as worship. Let your life 

be a structure that honours God, not man. 

 

F) Narration Activity 

Instructions to student: 

Now it’s your turn to tell the story! 

Retell what you learned today using your own words. You can: 

• Speak it aloud to your parent or tutor. 

• Record yourself explaining the story. 

• Write a paragraph or two summarising the key points. 

Try to include: 



• What Marcus learned from Fabius 

• How the Romans used arches, vaults, and materials wisely 

• What changed in Marcus’s heart later in life 

• How this applies to your own life or work 

 

  



Lesson 8 – Acoustics of an Amphitheatre 
Links to Australian Curriculum v9 – Content Descriptions 

Science – Years 7–10 

• AC9S7U02 – Investigate how energy is transferred through different materials, including sound waves. 

• AC9S8H01 / AC9S9H01 – Explore how scientific understanding has been used in historical and cultural contexts, including architectural acoustics. 

Design & Technology – Years 7–10 

• AC9TDE8K01 / AC9TDE10K01 – Examine how designed solutions have been influenced by the properties of materials, tools, and technologies. 

• AC9TDE8P02 / AC9TDE10P02 – Apply design thinking to develop solutions to meet needs and opportunities in sustainable and innovative ways. 

A)  Introduction: Acoustics of an Amphitheatre 

Have you ever visited a theatre or concert hall where you could hear someone whisper from across the stage 

– even without a microphone? 

The ancient Greeks and Romans designed outdoor theatres that could seat thousands of people – and yet, a 

person standing at the centre could speak in a normal voice, and everyone in the furthest rows could hear 

them clearly. How did they do that? 

This lesson explores the science of sound and how it was understood and used in ancient architecture. We’ll 

discover how: 

• Sound travels in waves, 

• Materials reflect or absorb sound, 

• Shapes can focus or scatter sound, 

• And how honouring communication was central to design. 

You’ll read the story of a young builder named Damaris, who learns how engineers and philosophers 

worked together to create buildings that carried not only voices – but meaning. 

As you learn, consider: 

• How does God’s Word carry across time and space? 

• Are you using your voice to build up others? 

• And what kind of “echo” will your words leave behind? 

Let’s step into the soundscape of history – and hear what it teaches us. 

 

B) Informational Story – “The Whispering Wall” 

The air was cool and dry as Damaris climbed the curved rows of the old amphitheatre. Her footsteps echoed 

gently between the empty stone seats, bouncing softly off the wide open stage far below. It was early 

morning, and the sunlight caught flecks of gold dust rising from the cracked marble steps. Birds chirped in 

the olive trees growing wild at the edges, but otherwise, the place was silent. 

Damaris paused halfway up and turned around. From here, she could see the city of Ephesus beyond the 

theatre walls, its rooftops and columns bathed in pink light. In the marketplace, traders were already 



shouting, carts rumbling over stone, goats bleating in protest. But up here, on this ancient hill, it felt like a 

sanctuary. 

She carried with her a sketch roll and a measuring rod – tools of her apprenticeship. Damaris was training 

under Apollonius, one of the few master builders in the region who still studied the ways of sound. Most 

builders today concerned themselves with height and grandeur – arches, domes, strong foundations. But 

Apollonius studied what could not be seen: the way sound moved. 

And the amphitheatre was his favourite classroom. 

“You do not build with bricks alone,” he often said. “You build with voice. With memory. With intention. 

Sound has shape, child – and your job is to honour it.” 

Today, Damaris would begin her first independent survey. She had been tasked with measuring the old 

theatre’s curvature and testing its acoustic range. If her numbers were accurate and her interpretation wise, 

Apollonius would allow her to begin drafting a design for a new amphitheatre in Pergamon – one that 

honoured not just the Roman desire for control, but the divine gift of voice. 

She stepped carefully to the centre of the stage – a stone disc marked with a faint symbol: a lyre, the mark of 

the Muses. Here, she stood still and whispered, “Can you hear me?” 

From the highest tier, a voice replied: “Yes.” 

She smiled. Her younger brother had hidden up there before sunrise, as planned. No tricks. No speaking 

loudly. Just a whisper – and yet it reached nearly 20 metres without strain. How? 

The theatre had no ceiling. No walls. Only sky above and stones arranged in a perfect arc. And yet it carried 

voices better than some temples. 

“Because sound is not just heard,” Apollonius had once said. “It is guided. Shaped. You do not shout to be 

heard. You build so that you don’t need to.” 

Damaris opened her scroll and began to draw. 

 

Damaris knelt down and traced the arc of the orchestra – the circular space in front of the stage where choirs 

once sang and dancers moved. She remembered Apollonius’ teaching: “The orchestra is not just for beauty. 

It is the heart of the acoustic engine.” 

She pulled out a string and compass from her tool pouch and measured the radius of the circle. The theatre 

was constructed in a near-perfect semicircle, about 30 metres from centre to edge. Each row of seats rose 

slightly higher than the one below it, not only for sightlines, but for sound projection. As the voice rose from 

the stage, it travelled in waves – concentric ripples, like stones dropped in water. 

She stood and clapped her hands. The echo returned almost instantly, soft but clear. 

Damaris jotted down her notes: curvature… elevation… response time… materials: limestone seating, stone 

stage, wooden platforms lost to time. Then she walked toward the rear wall – what little remained of it – and 

ran her fingers along the stones. They were smooth and dense. Limestone is a good reflector of sound. It 

does not absorb like wool or clay; it bounces. 

That was the key. 



Sound waves behaved like light in many ways. They reflected off hard surfaces, scattered if the surface was 

uneven, absorbed if the material was soft. But unlike light, sound travelled in pulses of pressure – 

longitudinal waves through air. If a surface curved outward like a bowl, it scattered the sound. But if it 

curved inward, like the back wall of this theatre, it focused it. The entire amphitheatre was, in effect, one 

great sonic lens. 

She marked a diagram. Concave wall: focal point near the front stage. Semi-circular seating: angle of 

incidence equals angle of reflection. 

A smile crept across her face. She could see it. 

Not just the structure – but the sound. 

The ancients may not have known the mathematics of frequencies, but they had studied with their ears. They 

had walked the stones and listened. They had spoken – and then changed a block’s angle if the voice didn’t 

travel well. 

“They measured with their mouths,” she whispered. 

And still the amphitheatre listened. 

 

Damaris stood again at the centre of the stage and cupped her hands. She hummed a single note – low and 

soft. Then she stepped a few paces forward and repeated the same tone, this time a little higher. She walked 

the arc, humming at different frequencies, listening carefully to how the sound responded. 

Some notes seemed to hang in the air longer than others. Certain places made her voice swell slightly, while 

others swallowed it entirely. It wasn’t magic. It was resonance. 

Every structure, every space, has what modern builders would one day call resonant frequencies – pitches 

that naturally amplify or dampen based on shape and material. These frequencies depend on the size of the 

space, the reflectivity of the surfaces, and the air between them. In a whispering gallery or dome, certain 

frequencies will bounce back and forth, layering until the sound becomes louder than the original voice. 

She remembered Apollonius once demonstrating with a lyre. “Strike a low note,” he had said, “and it fades. 

But strike the one that sings with the room – and the room joins in.” 

That was the beauty of design. Not just strength, not just size – but harmony. 

Damaris paused and looked up. Above her was only sky now. But she imagined a canopy stretched high – 

perhaps of fabric, or timber lattices to support lanterns or shade. Such a surface, if improperly placed, could 

break the harmony of the space. 

Good builders, she realised, honoured not only the eyes, but the ears. 

She sat on the lowest stone step and opened her sketchbook. Carefully, she drew a cross-section of the 

theatre, noting the reflective path of sound from the stage to the highest seat. She marked focal points, 

angles, and shaded in areas where resonance might bloom or fade. 

Then, without thinking, she whispered a prayer: 

“Lord, help me to use my voice wisely. Let me speak what lifts up, not what tears down.” 



In the amphitheatre, even whispers travelled far. Words had power. And the one who designed with 

reverence also designed for listening. 

 

Later that day, Damaris met Apollonius at the base of the amphitheatre. He carried no tools, only a staff and 

a worn scroll tucked under his arm. He greeted her with a nod and a question: “What did you hear?” 

“Everything,” she replied. “Even the smallest sounds.” 

He smiled. “Good. Then you are ready to see where the masters learned.” 

They walked in silence for some time, following a path that led toward the old theatre district. Apollonius 

paused before a sunlit tablet engraved with a Greek inscription. It was a dedication to the theatre of 

Epidaurus – the legendary structure said to carry a whisper from the stage to the back row, even among 

14,000 spectators. 

“I studied here once,” he said. “There is no amplification. No trick. Just stone, symmetry, and honour.” 

“Honour?” Damaris asked. 

“To the voice,” he replied. “The Greeks believed the spoken word carried weight. A place that did not carry 

the truth clearly was unfit for drama – or for worship.” 

He unrolled the scroll to reveal architectural diagrams – curves within curves, ratios in golden proportion. 

The orchestra was not a flat circle, but a very shallow bowl. The seats, arranged in a pattern that reflected 

the human ear, curved not just in distance but in vertical angle, catching sound and passing it upward. 

Modern builders, Apollonius explained, sometimes overlooked this. They built with metal and glass, with 

sharp corners and echoing chambers. But the ancients built with intention. 

“They did not need microphones,” he said. “They needed understanding.” 

Damaris studied the drawings. She realised that the old builders had not simply copied nature – they had 

listened to it. They had built spaces that respected sound and speech. In doing so, they had also respected the 

speaker. 

“Every sound is a message,” she whispered. “Even silence.” 

Apollonius nodded. “And what we build will echo that message – honourably, or not.” 

She looked at the stone beneath her feet. Even without a roof, the space felt sacred. 

Not because it was large. 

Because it listened. 

 

As the sun began to dip behind the hills, Damaris remained seated in the stone theatre, her scroll full of 

sketches, her mind full of echoes. 

She thought about the Scriptures she had heard read aloud in secret – how faith came by hearing, and 

hearing by the Word of God. She thought about the prophets, the apostles, and the Lord Himself, who taught 

crowds from hillsides and boats, trusting the open air to carry truth to listening hearts. 



A whisper in the right space could move thousands. A word spoken in love could change a life. 

Her calling was no longer just to measure stones and angles. It was to design places where truth could be 

heard clearly – where no one was too far to hear, and no voice of peace was lost in the wind. 

With reverence in her heart, she stood and whispered one final word: 

“Speak.” 

The stones received it. 

And they remembered. 

 

C) Reflection Questions 

Years 7–8 

1. Why did Damaris whisper from the stage instead of shouting? 

2. What materials and shapes help sound travel better in an amphitheatre? 

3. How did the ancient builders test whether their design carried sound well? 

4. What does it mean to use your voice “wisely”? 

Years 9–10 

1. Explain how the shape of an amphitheatre affects sound wave reflection and focus. 

2. Why is limestone a good material for acoustics? What would happen if they used wood instead? 

3. What is resonance, and how did Damaris observe it in the story? 

4. How does the idea of “honouring the voice” reflect a biblical understanding of speech? 

 

D) Hands-On Activity Options (Choose One) 

Option 1 – Sound Reflection Test (Home Acoustics Experiment) 

You’ll need: 

• A metal bowl, a towel, and a hard wall 

• A phone or voice recorder 

Instructions: 

1. Record yourself speaking a short sentence in three different places: 

a) In front of a wall 

b) In a closet or room with soft furniture 

c) Speaking into a metal bowl 

2. Play back each recording. Which setting made your voice louder or clearer? 

3. Write or present your results. Explain how different surfaces reflect or absorb sound. 

 

 



Option 2 – Build a Mini Whispering Gallery 

You’ll need: 

• Two paper cups 

• String (2–3 metres) 

• Tape 

• Optional: poster board or foil for curves 

Instructions: 

1. Make a simple “telephone” with paper cups and string. 

2. Try curving poster board behind one speaker’s cup to focus the sound. 

3. Speak softly and observe how different placements change the clarity. 

4. Record your findings. Try explaining how this model simulates real amphitheatres. 

 

Option 3 – Design a Listening Space 

You’ll need: 

• Pencil and paper (or 3D model tools like LEGO or blocks) 

Instructions: 

1. Design an outdoor theatre, church, or prayer space where voices carry well. 

2. Include features like: 

o Semi-circular seating 

o Reflective materials 

o Clear pathways for sound waves 

3. Annotate your drawing with science facts (e.g. “angle of reflection”) and spiritual principles (e.g. 

“truth should be heard”). 

4. Share your design with someone at home. 

 

E) Biblical Worldview Connection 

The ability to speak and be heard is a gift from God. In the Bible, God often chose to speak in a still small 

voice (1 Kings 19:12), and Jesus taught the crowds without amplifiers, trusting the openness of the 

environment and the attentiveness of His audience. 

Sound is not only physical – it carries meaning. Ephesians 4:29 reminds us: “Do not let any unwholesome 

talk come out of your mouths, but only what is helpful for building others up.” A well-designed 

amphitheatre carries even a whisper. So too, our lives should be designed to carry God’s truth clearly. 

The ancients honoured sound by building carefully. As Christians, we honour truth by how we speak – and 

by what we choose to amplify. 

 

F) Narration Activity 

Student Instructions: 

Now that you’ve read the story, try telling it back in your own words. 



You may: 

• Tell it aloud to your parent or tutor. 

• Record yourself narrating a short summary. 

• Write a few sentences or a short paragraph. 

Suggestions to include: 

• Who was Damaris, and what did she discover? 

• How did ancient builders use science to design good sound? 

• What was the spiritual lesson she learned about voice and honour? 

  



Lesson 9 – Structure of Catacombs 
Australian Curriculum v9 Content Descriptions 

Science – Years 7–10 

• AC9S7U03 – Investigate how the structural properties of natural and processed materials influence their use. 

• AC9S8U04 – Examine how geological features like soil, rock layers, and water movement affect human constructions. 

• AC9S9H01 – Analyse how science knowledge has changed through history and cultural practices. 

Design & Technology – Years 7–10 

• AC9TDE8K02 / AC9TDE10K02 – Analyse how cultural and spiritual values have influenced the development of designed environments. 

• AC9TDE8P02 / AC9TDE10P02 – Apply design thinking and systems thinking when researching sustainable and purposeful solutions. 

 

A) Introduction –Structure of Catacombs 

Beneath the busy streets of ancient Rome lies another world. A quiet world. A world of tunnels, passages, 

carved stone symbols, and silence. 

This underground world is known as the catacombs – early Christian burial sites hidden beneath the city. 

But they weren’t just graveyards. They were places of worship, refuge, and hope. And they were 

architectural marvels. 

How did ancient engineers carve entire networks through volcanic rock without modern machines? How did 

they prevent collapse? How did they make decisions about ventilation, water drainage, and stability? 

In today’s lesson, you’ll explore: 

• The geological science behind catacombs 

• The engineering design principles of tunnel building 

• How faith and reverence shaped early Christian architecture 

• Why catacombs were more than functional – they were spiritual 

You’ll also meet a young apprentice named Lucius, who walks the tunnels with an old Christian stonecutter 

named Silvanus, and begins to see that faith is something you build into everything – even the walls. 

Let’s step quietly underground – and listen. 

 

B) Informational Story – “The Builder Below” 

Lucius wiped the dust from his hands and held his oil lamp a little higher. The shadows of the tunnel 

flickered against the carved walls, stretching and shrinking as he stepped forward. The air smelled of earth, 

limestone, and something older – something holy. 

He was twelve years old, the son of a stonemason, but today he was not working on a villa or temple. He 

was walking the tunnels beneath Rome, where no noise reached the surface and no light came from above. 

Only flame. Only breath. Only prayer. 



Beside him, the old man moved slowly but surely. Silvanus was nearly seventy, with a back bent like a 

question mark and fingers chipped from decades of work. But he knew these tunnels better than anyone. Not 

because he had mapped them, but because he had carved them. 

“This way,” Silvanus said, turning down a narrow corridor that sloped downward. “Careful. The floor shifts 

where the ash layer softens.” 

Lucius nodded and followed. 

They were deep in the catacombs now – layers upon layers of tunnels carved through tuff, a soft volcanic 

stone found beneath much of Rome. These were not natural caves, but man-made passages, dug by hand 

with chisels and picks. Some stretched for kilometres, linking burial chambers, air shafts, and secret chapels. 

Hundreds of Christians had been buried here – martyrs, bishops, mothers, and children. Names and prayers 

were etched into the walls: Pax tecum – peace be with you. 

Lucius wasn’t sure if he believed everything about the faith, but he knew this: these tunnels stood. They did 

not fall. Not under rain, or footsteps, or time. 

“Why don’t they collapse?” he asked. 

Silvanus stopped and smiled. “Because we build with knowledge. And with fear.” 

“Fear?” 

“The good kind. The kind that respects what lies above you, what lies beneath you, and Who sees it all.” 

They continued on. The lanternlight revealed alcoves carved like sleeping places into the walls – loculi, 

Silvanus had called them. Long and narrow. Enough for one body, wrapped and placed with care. 

“This is not a tomb,” he said quietly. “It is a testimony.” 

 

Lucius ran his fingers along the tunnel wall as they walked. The rock felt smooth in some places, coarse in 

others. He remembered his father saying that Roman builders chose tuff for a reason – it was soft enough to 

cut but strong enough to stand. Still, he wondered how the tunnels didn’t cave in. 

“Is it just because the stone is strong?” he asked. 

Silvanus chuckled. “Not quite. Tuff is forgiving, yes. But strength comes from how you cut it.” 

He knelt and drew a shape in the dust with his finger: a shallow arch. 

“When we dig, we cut in arches – never squares. The Romans learned this in aqueducts and sewer tunnels. 

Arches carry weight down the sides, not across the top. If you dig square, the ceiling cracks. But if you cut a 

curve, it stands.” 

Lucius tried drawing one too. 

“And what about the floors?” he asked. “Aren’t they too soft in places?” 

Silvanus nodded. “That’s where surveying matters. We follow the rock. If the soil below is loose or damp, 

we build upward, not downward. Or we add buttresses – side walls – to carry the load. You must learn to 

read the stone like a scroll. It tells you what it can hold.” 



They turned a corner and entered a larger chamber, its ceiling rising like the belly of a great dome. Carved 

into the walls were symbols: fish, anchors, doves. In the centre stood a simple altar. 

“This was a meeting place,” said Silvanus. “They came in darkness, risking everything, to worship.” 

Lucius felt the weight of the space – not from fear, but reverence. 

“Even a whisper would echo here,” he murmured. 

“Yes,” said Silvanus. “And every whisper mattered.” 

He handed Lucius the chisel. 

“Now you try. We’ll mark a place – not for death, but for memory. Every stroke is a prayer. Every line is a 

reminder that we build not just for shelter, but for glory.” 

Lucius knelt, placed the chisel to stone, and carved his first arc. 

 

The next day, Lucius returned to the catacombs alone. The morning sun was just rising, but beneath the 

surface, time did not move. The walls remained silent, the air cool and still. His father had allowed him the 

day to study, and he carried with him a lamp, a measuring cord, and a wax tablet. 

He began in the chamber where he and Silvanus had worked. Today, he was to record measurements: 

passage widths, ceiling heights, curve angles, and the spacing of ventilation shafts. 

Ventilation, Silvanus had explained, was one of the greatest challenges underground. Without fresh air, a 

worker could collapse before realising he was short of breath. The Romans had learned to carve vertical 

shafts upward through the stone at intervals, connecting the surface with the tunnels below. These spiracula 

acted like chimneys – pulling stale air out and letting fresh air in. 

Lucius stopped near one of these shafts now. He could feel a faint draft, the cool air brushing his face. It 

reminded him of breath. Like the tunnel itself was breathing. 

He scratched a diagram onto his tablet – an arched hallway with a vertical shaft rising to the surface. Then 

he marked another diagram: a series of tunnels connected by nodes, each opening at careful points. These 

were the principles of early engineering – nodes, branches, pressure, and support. Even without modern 

tools, the early Christians had used geometry and physics to create an invisible structure of strength. 

He walked further, into a section not yet filled. The walls here were marked with faint lines, guides for 

future cutting. The floor was uneven, and water collected in a small basin at the edge. 

Drainage was another problem. If water pooled too long, it weakened the rock. So channels were cut beneath 

the floor, guiding rainwater and groundwater toward deeper wells. 

Lucius knelt beside the basin and traced the channel with his fingers. It was narrow and shallow, but precise. 

“These were not just grave diggers,” he whispered. “They were engineers of faith.” 

 

As Lucius moved deeper, the darkness grew heavier. He lit a second lamp and placed it along the path so he 

could see his way back. The catacombs were like a maze – narrow corridors branching off in all directions. 

Without markers, one could become lost in minutes. 



But the early Christians had found a way to guide themselves: symbols. 

Every few metres, carved into the walls or floors, were small images – an ichthys (fish), a shepherd’s staff, a 

broken loaf. These weren’t decorations. They were a code. Fish marked safe routes. The shepherd’s crook 

meant “chapel nearby.” A loaf pointed toward food stores or meeting rooms. 

Lucius marvelled at the system. These people had not simply carved resting places. They had created a 

language of stone. 

He pulled out his wax tablet again and began to sketch a map. At each turning, he marked the symbols and 

corridors. This was ancient cartography – not with parchment, but by position and pattern. He noticed how 

the major tunnels were curved, not straight, reducing the risk of collapse and allowing gentle airflow. He 

also noted how the burial chambers always faced east. 

“Toward the rising sun,” Silvanus had said. “Because we bury with hope.” 

Lucius stopped at a small recess in the wall where someone had carved a palm branch beside the words in 

Christo resurgemus – “in Christ we shall rise again.” Below it was a loculus, long sealed. 

He rested his hand on the stone. 

Every part of this place had been shaped by both skill and sorrow. Yet it was not gloomy. It was purposeful. 

It honoured the dead, but it glorified God. 

He realised then that these were not just catacombs. 

They were cathedrals underground. 

In silence, he retraced his steps, lighting his way with the same flame that had guided generations before 

him. And as he walked, he felt the rock speak – not in words, but in reverence. 

This place had been built to last. 

Because the faith it carried was eternal. 

 

That evening, Lucius returned home, his clothes dusty and his lamp nearly out of oil. He placed his tools 

beside the door and sat quietly while his father and brothers finished their supper. He ate little. His mind was 

still beneath the ground. 

When the house grew quiet, his father sat beside him. “You’ve been with Silvanus,” he said. 

Lucius nodded. “He showed me the chapel chambers. The drainage channels. The air shafts.” 

His father waited. 

“And I saw the symbols. The way they carved in curves. The reverence in the walls.” 

His father smiled. “Did you learn to dig?” 

Lucius looked up. “No. I learned to listen.” 

The words hung in the air. 



His father placed a hand on his shoulder. “Then you have learned well.” 

Later that night, Lucius unrolled his wax tablet and added one last sketch: an arch beneath the earth, with a 

fish on one side and a palm branch on the other. Above it, he wrote just two words: Credo factorem – “I 

believe in the Builder.” 

Not the builder of tunnels. Not the builder of monuments. 

But the Builder of heaven and earth. 

Beneath Rome, in silence and stone, Lucius had learned something deeper than design. He had learned that 

honouring God meant building with care – even when no one saw it. That devotion meant learning the 

strength of what lay beneath. That reverence meant creating spaces where hope could rise, even 

underground. 

He closed the tablet, set aside his tools, and whispered a quiet prayer of thanks. 

Above him, the city carried on in noise. 

But below, in the dark, the work of faith endured. 

 
 

C) Reflection Questions 

Years 7–8 

1. Why did the early Christians build the catacombs underground? 

2. What is tuff, and why was it useful for carving tunnels? 

3. What kinds of symbols did Lucius find in the catacombs? What did they mean? 

4. What do you think Lucius meant when he said, “I learned to listen”? 

Years 9–10 

1. Explain how the structure of the catacombs reflects both science (geology and engineering) and faith 

(spiritual symbolism). 

2. Describe the purpose of features like arches, ventilation shafts (spiracula), and drainage channels. 

3. How did the early Christians use design and layout to communicate messages of hope and truth? 

4. What role did honour, devotion, and reverence play in how these spaces were built? 

 

D) Hands-On Activity Options (Choose One) 

Option 1 – Design a Cross-Section of a Catacomb Tunnel 

You’ll need: 

• Paper or graph paper 

• Ruler, pencil, and coloured pencils 

Instructions: 

1. Draw a side-view (cross-section) of a catacomb tunnel. 



2. Include: 

o Arched ceiling 

o Loculi (burial shelves) 

o A ventilation shaft (spiraculum) 

o A water drainage channel beneath the floor 

3. Label each part and explain how it serves both structural and practical purposes. 

4. Add one spiritual symbol or phrase the early Christians might have included. 

 

Option 2 – Create a Symbol Code like Early Christians 

You’ll need: 

• Index cards or small stones 

• Pens or markers 

Instructions: 

1. Invent a code of 4–6 simple symbols (like a fish, anchor, loaf, sun). 

2. Assign each symbol a meaning (e.g., "hope", "safe passage", "worship"). 

3. Write or draw a “map” using only your symbols. 

4. Share it with someone else and let them try to decode your message. 

 

Option 3 – Mini Tunnel Engineering Challenge 

You’ll need: 

• Soft modelling clay or damp sand 

• A spoon or small carving tools 

• Optional: cardboard or blocks for testing weight 

Instructions: 

1. Build a small tunnel or chamber in your modelling material. 

2. Use arched ceilings and side supports (like buttresses) to prevent collapse. 

3. Test your design by placing light weight on top. 

4. Observe where it cracks or holds firm. 

5. Discuss how ancient builders solved the same problems without machines. 

 

E) Biblical Worldview Connection 

The early Christians built the catacombs not to hide in fear – but to honour the dead, encourage the living, 

and lift up the name of Christ even in secret. 

In Proverbs 24:3–4 we read: 

“By wisdom a house is built, and through understanding it is established; through knowledge its rooms are 

filled with rare and beautiful treasures.” 

These underground passages, carved in silence and devotion, reflect that truth. They were built with 

wisdom, sustained by understanding, and filled with treasure – not gold, but faith. 



Jesus spoke of building our lives on solid rock (Matthew 7:24–27). The Christians in Rome literally carved 

their faith into the rock – layer upon layer, line upon line, word upon word. Their reverence shaped their 

architecture. 

What are you building with your life? Will it last? 

 

F) Narration Activity 

Instructions to Student: 

Now that you’ve read the story, take a moment to tell it back in your own words. 

You may: 

• Speak your narration aloud to a parent or tutor 

• Write a short paragraph 

• Or record yourself retelling the key ideas 

Try to include: 

• Who Lucius was and what he learned 

• How the catacombs were built (scientific and spiritual elements) 

• What made these underground spaces more than just burial tunnels 
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DNA, GENES & HEREDITY 

Lesson 10 – DNA & Chromosomes 
Australian Curriculum v9 Content Descriptions 

Science – Years 7–10 

• AC9S8U01 – Investigate how characteristics of living things are inherited from their parents and can be affected by the environment. 

• AC9S9U01 – Investigate how DNA and chromosomes determine inheritance and variation in living things. 

• AC9S10H01 – Examine how scientific understanding of genetics has changed over time and impacted society. 

Design & Technology – Years 7–10 

• AC9TDE8K01 / AC9TDE10K01 – Investigate the role of science and emerging technologies in developing solutions for human and environmental 

needs. 

• AC9TDE10P02 – Apply design thinking and systems thinking when designing for sustainability and health. 

 

A) Introduction  

Every living thing – from the tallest tree to the tiniest ant – carries a hidden instruction manual inside its 

cells. That manual is written in a special language made of molecules. We call it DNA. 

DNA is one of the most extraordinary discoveries in science. It’s invisible to the eye, yet it holds the design 

for every part of who we are – our hair colour, height, blood type, even how our body grows and heals. 

DNA is packaged into thread-like structures called chromosomes, which are passed from parent to child in 

every generation. 

In this lesson, you will: 

• Learn how DNA is structured like a code 

• Understand how chromosomes organise our genetic material 

• Explore how our traits are inherited 

• Discover how all of this shows the wonder of God’s design 

You’ll also meet a boy named Elias, who visits a medical researcher in Jerusalem and learns that even the 

smallest code can reflect the greatness of the Creator. 

Let’s take a look inside the cell – and marvel at the language God has written into life. 

 

B) Informational Story – “The Scroll Within” 

 

The narrow streets of Jerusalem buzzed with midday life – merchants shouting, donkeys braying, sandals 

slapping against hot stones. But Elias barely noticed. He was on a mission. 



Twelve years old and full of questions, Elias gripped a small notebook and wove through the crowds. His 

destination was the University Medical Centre near the Mount of Olives. It was there that his cousin 

Hadassah worked – a geneticist who studied the smallest things God had made: DNA. 

Elias wasn’t sure what DNA really was. His teacher had said it was like “code inside your body,” but that 

made it sound like a secret. All he knew was that Hadassah once told him, “There’s a scroll inside you, 

Elias. And it’s written by God Himself.” 

He couldn’t forget that. 

The receptionist waved him through. “She’s in Lab 3,” she said kindly. 

The lab was cool and clean, with microscopes and glowing screens. Hadassah stood at a counter, peering 

into a slide. 

“You made it!” she said, turning. “And right on time. I’ve just loaded a sample.” 

Elias set down his notebook. “What are we looking at?” 

She gestured to the microscope. “Step up.” 

He peered through the lens. At first, it looked like threads – twisted, tangled, some thicker than others. Then, 

as he adjusted the focus, he saw it clearly: a chain of spirals, like a staircase curled into itself. 

“That,” Hadassah said, “is DNA.” 

Elias blinked. “It’s… tiny.” 

“It’s inside almost every cell of your body. You have around 37 trillion cells – and nearly all of them contain 

this.” 

Elias shook his head. “And this stuff decides what I look like?” 

“And more,” she said. “It helps your body grow, heal, defend itself. It’s like… instructions written in a 

language of molecules. And your chromosomes? They’re the books that hold the scrolls.” 

“Wait… you mean DNA is like writing?” 

Hadassah smiled. “Exactly.” 

 

Hadassah pulled up a digital animation on the nearby screen. “Let me show you something,” she said. The 

image zoomed in from a human body to a single cell, then inside the nucleus where strands of DNA floated 

in tight coils. 

“Each of those coils is called a chromosome,” she explained. “You have 46 – 23 from your mother, 23 from 

your father. Each one carries thousands of genes. And those genes? They’re like verses in a scroll.” 

Elias leaned in, watching as tiny letters formed on the screen – A, T, C, G. “What are those?” 

“The letters of the DNA code,” Hadassah said. “They stand for the chemicals that make up the molecule: 

Adenine, Thymine, Cytosine, and Guanine. They always pair the same way – A with T, and C with G.” 

“Like matching puzzle pieces?” 



“Exactly. Every living thing uses this same language. It’s the same in humans, whales, pine trees – even 

bacteria.” 

Elias sat back, stunned. “So we’re all made from the same code?” 

“Yes – but arranged differently. Like how the same musical notes can make a love song or a battle march. 

DNA doesn’t just hold information – it holds purpose.” 

He scribbled in his notebook. “So a gene… is a line of the code?” 

Hadassah nodded. “Some genes tell your body how to grow hair. Some control eye colour. Others help you 

digest food or fight disease.” 

Elias grinned. “So if I have brown eyes, that’s because of a gene?” 

“Yes – and probably a dominant one,” she said. “Eye colour is a trait passed from parents through 

chromosomes.” 

“Does that mean I look like my grandfather because of these?” 

“Exactly. Inheritance is built into your design.” 

Elias looked up. “Design… like by God?” 

Hadassah smiled again. “Yes. Every code needs an Author.” 

 

Hadassah walked over to a refrigerator and removed a tray of vials. “Do you want to see something 

amazing?” she asked. 

Elias nodded. 

She placed one of the vials under a scanner connected to the screen. “This sample contains a small mutation 

in a gene that helps the body repair itself.” 

“Mutation?” Elias asked. “Isn’t that bad?” 

“Not always,” she said. “A mutation is just a change in the code. Sometimes it causes a disease. Sometimes 

it does nothing at all. Sometimes, it even helps.” 

Elias watched as the screen displayed two versions of the DNA sequence – one normal, one with a single 

change. 

“But one letter is different,” he said. “Just one?” 

“Just one,” Hadassah confirmed. “One letter changed in a scroll of over three billion letters.” 

“And that can cause sickness?” 

“Yes. That one letter might stop a gene from doing its job. It’s like misprinting a recipe – use salt instead of 

sugar, and the result can be very different.” 

She paused. “But your body also has editors. Enzymes that check and repair DNA every second. They read 

the scroll and fix errors – most of the time before anything goes wrong.” 



Elias sat in silence. “It’s like... the system watches itself.” 

“Exactly. That’s why I study this. It’s not random. It’s ordered. Designed.” 

Elias scribbled another note: “DNA can repair itself. Built-in editors.” 

He looked up. “But who watches the editors?” 

Hadassah smiled. “The Creator does.” 

They both stood quietly as the code spun on the screen. 

Elias wasn’t sure he understood everything yet. But he knew this: there was nothing accidental about life. 

The scroll within him had meaning. And someone had written it on purpose. 

 

After lunch in the hospital courtyard, Hadassah and Elias returned to the lab. She showed him a wall of 

portraits – smiling children, young adults, and elderly patients. Beneath each was a plaque. 

“These are people we’ve helped through genetic testing,” she said. “Some were born with rare disorders. 

Others were diagnosed early because we spotted changes in their DNA.” 

Elias studied the faces. “So you don’t just study DNA – you use it to help people?” 

“That’s the goal,” she said. “We look for patterns, test for inherited risks, and try to give families answers – 

and hope.” 

Elias thought for a moment. “Doesn’t that mean their ‘scrolls’ are broken?” 

Hadassah shook her head. “No. Their scrolls are different. But every scroll tells a story worth reading.” 

She pointed to one of the portraits – a girl who had lived only a few months but had helped researchers 

discover a treatment still used today. 

“She changed the world,” Hadassah said softly. “Even in her short life.” 

They sat quietly. 

Elias opened his notebook and wrote, “Every person is written by God. None are mistakes.” 

Then he remembered a verse his mother had once read to him from the Psalms: “You knit me together in my 

mother’s womb. I praise you because I am fearfully and wonderfully made.” 

He looked up. “So DNA is like God knitting us?” 

Hadassah nodded. “Stitch by stitch. Letter by letter.” 

Elias felt something stir inside – like wonder and responsibility at the same time. If God had written his 

code, then it mattered how he used it. 

He wasn’t just made. He was made for something. 

A scroll within him waited to be lived aloud. 



 

Before Elias left, he asked one last question. 

“Hadassah, do you ever worry that people might use this knowledge the wrong way?” 

She paused, then nodded. “Yes. Every tool – especially powerful ones – can be used to heal or to harm. 

That’s why we always ask not just what we can do, but what we should do.” 

She opened a drawer and pulled out a thin booklet labelled “Ethics Board Review.” Inside were cases: one 

about choosing treatments, one about privacy in genetic data, another about designing tests for unborn 

children. 

“We gather doctors, scientists, and faith leaders,” she said. “We listen. We design systems that protect 

dignity. That’s part of being a steward.” 

Elias nodded slowly. “So science and faith… work together?” 

“They must,” Hadassah said. “Because healing without compassion isn’t healing. Design without reverence 

leads to pride.” 

She smiled and added, “We don’t just study life. We serve it.” 

Elias wrote one final line beneath his sketch of a spiral helix: 

“Use knowledge to honour the Designer.” 

 

Before Elias left that afternoon, Hadassah gave him a gift. 

It was a tiny glass vial, sealed with wax. Inside was a silver chain holding a single pendant – a spiral shape, 

curled like a staircase. 

“It’s a double helix,” she said. “Like the DNA you saw under the microscope. A reminder that God wrote 

His design in you.” 

Elias held it gently. “Thank you.” 

He walked home as the sun dipped low over the city. His steps were slow – not because he was tired, but 

because his thoughts were full. 

He had seen code written in molecules. 

He had seen how a single change could affect a whole life. 

He had seen how people devoted themselves to understanding the smallest parts of creation – not to control 

it, but to honour the One who made it. 

When he reached home, he opened his notebook and carefully wrote a final sentence on the last page: 

“I am not an accident. I am written.” 

That night, before sleeping, he read Psalm 139 aloud under his breath: 



“All the days ordained for me were written in Your book before one of them came to be.” 

Then he prayed: 

“Lord, help me honour the life You wrote into me. Help me speak and act like someone made with care.” 

As he closed his eyes, Elias felt the spiral pendant still resting over his heart. The scroll within him, though 

unseen, was not silent. 

It was singing. 

And its song belonged to God. 

 

C) Reflection Questions 

Years 7–8 

1. What does DNA do in your body, and where is it found? 

2. What are chromosomes, and how many do you inherit from each parent? 

3. What do the letters A, T, C, and G stand for in DNA, and how do they pair? 

4. Why do you think the story calls DNA a “scroll written by God”? 

Years 9–10 

1. Explain how genes influence inherited traits. Include an example from the story. 

2. What is a mutation? How can a single mutation affect the function of a gene? 

3. Describe how geneticists use design thinking and ethical reflection when using DNA knowledge to 

help people. 

4. How can scientific discoveries like DNA deepen our reverence for God? 

 

D) Hands-On Activity Options (Choose One) 

Option 1 – Make a DNA Model (Using Household Items) 

You’ll need: 

• Toothpicks or skewers 

• Gummy lollies or marshmallows (4 colours for A, T, C, G) 

• String or pipe cleaners 

• Labels or a guide card 

Instructions: 

1. Pair each lolly colour with a DNA base (A, T, C, G). 

2. Build matching base pairs (A–T and C–G) using toothpicks. 

3. Connect pairs with pipe cleaners or string in a spiral ladder shape. 

4. Label it, and explain to someone how base pairs make up the DNA code. 

 

 



Option 2 – Trace a Family Trait 

You’ll need: 

• A notebook or worksheet 

• Pens or coloured markers 

Instructions: 

1. Choose one inherited trait (e.g., eye colour, dimples, ear shape, tongue rolling). 

2. Ask family members about their version of that trait. 

3. Draw a simple family tree or chart showing who has it. 

4. Use it to discuss dominant/recessive inheritance and what DNA might be behind it. 

 

Option 3 – Reflective Creative Writing: “The Scroll Inside Me” 

You’ll need: 

• A quiet space and writing tools 

Instructions: 

1. Write a short poem, journal entry, or letter titled “The Scroll Inside Me.” 

2. Reflect on what it means that your life is written by God. 

3. Include a verse from Psalm 139 or a prayer of thanks. 

4. Share it with your parent or keep it in a special place. 

 

E) Biblical Worldview Connection 

DNA is often called the “code of life.” But for Christians, it’s more than code – it’s evidence of a Creator. 

Psalm 139 tells us that God “knit us together” and “wrote all the days ordained for us” in His book. 

What scientists discover inside the cell confirms what the Bible has long declared: life is no accident. Every 

strand of DNA, every chromosome, every gene points to God’s wisdom, creativity, and care. 

Science allows us to read the scroll – but faith reminds us who wrote it. 

Let us use what we learn not just to know more, but to serve more – and to honour the One who designed 

life itself. 

 

F) Narration Activity 

Student Instructions: 

Now that you’ve read the story and explored the science, try retelling the key ideas in your own words. 

You may: 

• Speak it aloud to your parent or tutor 

• Write 1–2 paragraphs 

• Record a voice narration 



Be sure to include: 

• What Elias learned about DNA, genes, and chromosomes 

• How this knowledge is used to help others 

• How it reflects the careful design of God 

 

  



Lesson 11 – Genes & Heredity 
Australian Curriculum v9 Content Descriptions 

Science – Years 7–10 

• AC9S8U01 – Investigate how characteristics of living things are inherited from their parents and can be affected by the environment. 

• AC9S9U01 – Investigate how DNA and chromosomes determine inheritance and variation in living things. 

• AC9S9H01 – Explore how developments in understanding of heredity and genes have impacted science and society. 

Design & Technology – Years 7–10 

• AC9TDE8K01 / AC9TDE10K01 – Investigate the role of scientific knowledge and new discoveries in improving life and solving problems. 

• AC9TDE10P02 – Apply systems and design thinking when examining how traits are passed on and how this knowledge is used in agriculture, health, 
and technology. 

 

Introduction  

Why do you look a little like your mum, but walk just like your dad? Why do some families have 

generations of curly hair, or twins, or red-green colour blindness? 

The answer lies in genes – small sections of DNA that carry the instructions for making proteins. Genes are 

passed from parent to child, wrapped up in chromosomes, and they control many of your physical traits – 

like height, eye colour, and more. But heredity is not just about appearances. It’s also about the systems God 

designed for life to continue, generation after generation. 

In this lesson, you’ll: 

• Discover how genes are inherited through dominant and recessive traits 

• Explore the principles of heredity using real-life examples 

• Learn how Punnett squares are used to predict traits 

• Understand how this knowledge helps in medicine, agriculture, and stewardship of life 

You’ll also meet two students – Amira and Thomas – who begin a genetics project and discover that what’s 

written in our genes doesn’t just tell us where we come from, but how we can serve others. 

Let’s explore the quiet threads that tie one generation to the next – and honour the Designer who wrote 

them. 

 

B) Informational Story – “The Inheritance Project” 

Amira tapped her pencil against her notebook and frowned at the blank page in front of her. The heading 

read “Science Project: Heredity and Traits,” but the space below it was still empty. 

Across the table, her classmate Thomas was sketching something that looked suspiciously like a lopsided 

dog. 

“This is supposed to be about genes,” she said. 

“It is,” Thomas replied. “I’m drawing my dog. He has different coloured eyes.” 

Amira raised an eyebrow. “That’s not a gene chart.” 



“Not yet,” he said cheerfully. “But it will be.” 

Their teacher, Mrs Novak, had given them the assignment that morning: choose a trait, study how it’s 

inherited, and present their findings with real examples. Bonus marks for creativity. It had sounded easy at 

first – until Amira realised she didn’t know where to start. 

Thomas flipped to a fresh page. “We could start with eye colour. That one’s easy.” 

“Is it?” Amira asked. “I have brown eyes. Both my parents do too. So that makes sense. But my little brother 

has blue.” 

Thomas nodded. “Exactly. That’s heredity. You inherit one gene from each parent for every trait. Dominant 

genes – like brown eyes – usually show up. But recessive ones – like blue – can hide for generations.” 

He drew two boxes and labelled them “B” and “b”. 

“Capital B for brown, lowercase b for blue. If you get BB or Bb, your eyes are brown. Only if you get bb – 

two recessive – you get blue.” 

Amira stared. “So my brother must have gotten a b from both parents.” 

“Right. That’s called a Punnett square. Want to see how it works?” 

He quickly sketched a grid and began writing letters in the squares. Amira leaned in, realising that maybe 

this wasn’t as complicated as it seemed. 

Maybe, she thought, the code of life really was something you could trace – with care. 

 

Over the next hour, Amira and Thomas filled several pages with notes and sketches. They tested different 

traits – dimples, earlobes, tongue rolling – and created Punnett squares to see the outcomes. It was like a 

puzzle, except the pieces came from their own families. 

“Look,” said Amira, pointing to her new chart. “If Mum has dimples but Dad doesn’t, and I have them, then 

dimples must be dominant.” 

“Exactly,” said Thomas. “You must’ve inherited at least one dominant D.” 

She grinned. “And my sister has no dimples. So she must’ve gotten two recessive d’s.” 

Thomas nodded. “Which means your mum carries one of each – D and d. Your dad must have two recessive 

copies.” 

They looked at each other, both impressed. 

“It’s like we’re reading a secret code,” Amira said. 

“Except it’s not a secret,” said Thomas. “It’s built in. We just have to look.” 

They paused as Mrs Novak approached their table. 

“How’s the project coming?” she asked. 

“We’re doing real family data,” said Amira. “Using Punnett squares and everything.” 



“Good,” said Mrs Novak. “Just remember – traits aren’t always that simple. Some are controlled by multiple 

genes. Others are influenced by environment.” 

“Like height?” Thomas asked. 

“Yes. Or skin colour, or intelligence, or even some health conditions.” 

She smiled. “You’re learning the basics, but remember – what God wrote in your DNA is just part of your 

story. The choices you make and how you treat others matter just as much.” 

Amira jotted that down. “DNA is not destiny.” 

Thomas added: “It’s design.” 

Their teacher walked away, and the two students looked at their charts again with new eyes. 

They weren’t just decoding biology. 

They were beginning to honour it. 

 

Later that afternoon, Thomas and Amira headed to the school library to find more examples of inherited 

traits. Thomas found a book about Mendel and his pea plant experiments, while Amira picked up an article 

on genetic disorders and environmental factors. 

“Did you know,” she said, “that identical twins can have different fingerprints?” 

Thomas looked up. “But they have the same DNA.” 

“Yeah,” she said. “But the way they grow in the womb – pressure, nutrition, movement – it changes things. 

Even the environment before birth can affect how traits show up.” 

“So, DNA sets the plan,” Thomas said slowly, “but life adds the details.” 

“Exactly.” 

They kept reading. 

Some traits, like blood type, followed simple Mendelian rules. But others – like personality, weight, or how 

likely someone was to get diabetes – were shaped by a mixture of genes and choices. 

“It’s like inheritance gives you a foundation,” Amira said. “But how you build on it... that’s up to you.” 

Thomas leaned back in his chair. “Kind of like how God gives us a life to live – but what we do with it is 

our response.” 

Amira nodded. “We’re not just inheriting traits. We’re inheriting responsibility.” 

She thought of her little brother – how he looked so different but shared her same laugh. How even if they 

didn’t match exactly, they were both part of something much bigger. 

Thomas grinned. “We should put that in our presentation.” 

“What?” 



“That heredity isn’t just about what’s passed down – it’s about what we do with what we’re given.” 

Amira smiled. “Now we’re getting somewhere.” 

 

Back at Amira’s house, the two friends gathered their notes, charts, and printouts to begin building their 

project display. Amira’s mum brought in snacks and smiled as she saw the colourful Punnett squares and 

diagrams taped across the table. 

“What’s your final message?” she asked. 

Thomas looked up. “That our traits come from our parents, but how we live them out – that’s our choice.” 

Amira added, “And that the same science that helps us understand inheritance can also help us care for 

others.” 

They included a poster about how genetic knowledge is used in medicine – like identifying inherited 

diseases early or creating personalised treatments based on someone’s DNA. Another page showed how 

farmers use selective breeding and genetic understanding to grow more resilient crops without chemicals. 

Amira held up one of their quotes for the centre of the board. It read: 

“We are fearfully and wonderfully made. Psalm 139:14” 

“We should include something about design,” she said. “Like how knowing this stuff isn’t just useful – it’s 

meaningful.” 

Thomas nodded. “We can write about stewardship – how learning about heredity helps us be better 

caretakers of life.” 

They added a final section titled ‘Honouring the Designer’ with this sentence: 

“Knowing how something works should make us more careful, not more careless.” 

As they stepped back to look at their project, it didn’t feel like just science anymore. 

It felt like worship – expressed through careful observation, deep respect, and creative reflection. 

This wasn’t just about traits. 

It was about honour. 

 

After finishing their board, Amira and Thomas added a side panel titled “Real-World Heredity.” It listed 

examples of how genetics is used today: 

– In agriculture, farmers breed disease-resistant crops and drought-tolerant wheat using genetic knowledge. 

– In medicine, doctors test for hereditary diseases like Huntington’s or Tay-Sachs so families can prepare or 

take early action. 

– In conservation, scientists track the genetic diversity of endangered animals to help them survive. 

Thomas commented, “We’re not just learning about inheritance. We’re learning how to care for life.” 



Amira nodded. “It’s like we’ve been given a blueprint, and God asks us to protect what He’s made.” 

They added a quote from Genesis: “The Lord God took the man and put him in the garden to work it and 

take care of it.” 

Their project, once just a science assignment, had become a reflection of something greater: the call to 

steward creation – not just plants and animals, but each other. 

Elias, who had done his own project on DNA repair, walked past and paused to read their board. 

“I like your theme,” he said. “Design with devotion.” 

Amira smiled. “Exactly.” 

 

The next morning, their class buzzed with excitement as students set up their projects. There were charts, 

photos, even a papier-mâché brain. But when Mrs Novak walked past Amira and Thomas’s display, she 

stopped and smiled. 

They had titled it “More Than Traits: The Inheritance of Life.” 

Their board showed clear Punnett squares, examples of dominant and recessive traits, and a short case study 

on genetic conditions like cystic fibrosis. One section explained polygenic traits and environmental 

influence. But the heart of the display was something deeper. 

“Our DNA is a gift,” their poster read. “We are born with a design. What we inherit shapes us, but it doesn’t 

define all we will become.” 

At the end of their presentation, Amira and Thomas shared what they had learned. 

“Heredity shows us how we’re connected,” Thomas said. “And it reminds us that we didn’t make ourselves. 

We were designed.” 

“And design comes with purpose,” Amira added. “So we want to use what we learn – not just to know more, 

but to love more.” 

The class clapped, and even a few parents – who had come early – nodded quietly. 

Mrs Novak approached and asked gently, “What’s one thing you’ll take away from this?” 

Amira didn’t hesitate. “That science helps us see the fingerprints of God.” 

Thomas added, “And that what we inherit isn’t just traits. It’s the responsibility to use them well.” 

That afternoon, when the project boards were packed away, their hearts remained full. 

They had studied heredity. 

And inherited wonder. 

That night, as Amira reviewed her notes, she whispered a quiet prayer of thanks – for the inheritance of both 

life and learning. 

 



C) Reflection Questions 

Years 7–8 

1. What is a gene, and how is it related to traits? 

2. What is the difference between dominant and recessive alleles? 

3. What is a Punnett square, and how does it help us understand inheritance? 

4. Why did Amira and Thomas say, “DNA is not destiny”? 

Years 9–10 

1. Describe how genes and environment both influence traits using examples from the story. 

2. How is the idea of inheritance connected to stewardship and responsibility? 

3. Give two real-world applications of genetic knowledge and explain how they serve others. 

4. How did the story reflect the theme of honour, devotion, and reverence for God? 

 

D) Hands-On Activity Options (Choose One) 

Option 1 – Make a Punnett Square Trait Poster 

You’ll need: 

• Paper, ruler, and coloured pencils 

• Family or fictional trait examples (e.g., eye colour, dimples) 

Instructions: 

1. Choose one simple genetic trait (e.g., widow’s peak). 

2. Create Punnett squares showing possible combinations (e.g., Ww × Ww). 

3. Label which outcomes are dominant and recessive. 

4. Add a short reflection: How does understanding heredity help you honour God’s design? 

 

Option 2 – Genetic Traits Survey 

You’ll need: 

• A notebook or form with traits listed (e.g., tongue rolling, earlobe attachment) 

Instructions: 

1. Survey 5 family members or friends for observable traits. 

2. Create a table of your results. 

3. Use basic inheritance rules to guess what genotypes might be involved. 

4. Reflect: Which traits seem simple? Which might be polygenic or influenced by environment? 

 

Option 3 – Stewardship Storyboard 

You’ll need: 

• Drawing or writing materials 

Instructions: 



1. Create a short comic or storyboard showing how someone uses knowledge of heredity to help others. 

2. Possible themes: medicine, agriculture, conservation, or family decision-making. 

3. Add a final panel showing how the person honours God through their actions. 

 

E) Biblical Worldview Connection 

God designed life with order and beauty – even at the microscopic level. Psalm 139 reminds us that we are 

“fearfully and wonderfully made.” Our traits are passed down from generation to generation, not by chance, 

but by God’s design. 

Just as Amira and Thomas learned in their project, heredity is more than biology. It’s a gift. And with every 

gift comes the opportunity to honour the Giver. 

When we study traits, inheritance, and genetics, we are not just learning science – we’re discovering the 

wisdom of the Creator. And when we use that knowledge with humility and love, we reflect His image more 

clearly. 

 

F) Narration Activity 

Student Instructions: 

Now that you’ve read the story and explored the science, try retelling what you’ve learned in your own 

words. 

You may: 

• Speak your narration aloud to a parent or tutor 

• Write a short paragraph 

• Or create a mini-presentation using your notes 

Be sure to include: 

• How traits are inherited (dominant/recessive) 

• How Punnett squares help 

• How heredity connects with design, responsibility, and God’s purpose 

  



Lesson 12 – Gene Packets & Propensities 
Australian Curriculum v9 Content Descriptions 

Science – Years 7–10 

• AC9S8U01 – Investigate how characteristics of living things are inherited from their parents and can be affected by the environment. 

• AC9S9U01 – Investigate how DNA and chromosomes determine inheritance and variation in living things. 

• AC9S9H01 – Explore how developments in understanding of heredity and genes have impacted science and society. 

• AC9S10H01 – Analyse how advancements in genetics inform ethical decisions and shape human health understanding. 

Design & Technology – Years 7–10 

• AC9TDE8K01 / AC9TDE10K01 – Examine how scientific and technological innovations can address human and environmental needs. 

• AC9TDE10P02 – Apply systems and design thinking to genetic health, performance, or trait-related innovation. 

 

A) Introduction –  

Some traits are passed down in a simple way – like eye colour or dimples. But others, like athletic ability, 

metabolism, or risk of developing certain conditions, are shaped by multiple genes working together – 

what scientists sometimes call “gene packets.” These gene groupings affect your propensities – tendencies 

that make certain outcomes more or less likely. 

But a propensity is not a prediction. Just because someone has a genetic tendency toward something (like 

fast muscle growth or a higher risk of diabetes) doesn't mean it’s guaranteed to happen. It simply means 

their body has a leaning in a particular direction. Choices, environment, and lifestyle still play a crucial role. 

In this lesson, you’ll: 

• Discover how polygenic traits work 

• Learn about gene packets and how they affect health, behaviour, and potential 

• Explore how science uses this knowledge in personalised medicine and sport 

• Reflect on how knowing our strengths and weaknesses can be part of our calling from God 

You’ll also meet a student named Josiah who finds out he carries a genetic risk – but discovers that 

knowledge can lead not to fear, but to faith and wisdom. 

Let’s explore the traits that shape our potential – and the God who gives us purpose. 

 

B) Informational Story – “The Measure of a Man” 

Josiah liked numbers. He liked measuring things. His bedroom had a tape measure hanging beside the light 

switch, and every month he recorded his height, his arm span, and how far he could jump. He tracked his 

running times, heart rate, and sleep patterns. But this month, the measurement he was most interested in 

wasn’t one he could take with a ruler. 

It was genetic. 

“Polygenic health screening,” the letter from the clinic had said. “Voluntary and informational.” 

Josiah’s parents had signed him up after hearing a talk at church on proactive health. A local Christian 

medical team had partnered with a genetics lab to offer screenings for things like diabetes, heart risk, and 



muscle recovery. Nothing invasive – just a cheek swab. Josiah hadn’t thought much of it at the time. He 

figured they’d just tell him he was healthy and send him home. 

But now, he sat in a bright room with his parents and Dr Keira, a softly spoken woman with glasses and a 

quiet voice, looking at a chart that didn’t feel so simple. 

“It’s important to understand,” Dr Keira said, “that what we’re looking at are propensities – not predictions. 

You have a cluster of genes – what we call a gene packet – that increases your likelihood of developing type 

2 diabetes.” 

Josiah stared at the graph. A yellow bar stretched further than the others. 

“But I don’t have it, right?” 

“No. Not now. Maybe never,” she said. “But your genetic markers show that your body may be less efficient 

at processing sugars – especially as you age. Knowing this gives you power. You can shape your future 

through your choices.” 

Josiah looked down at the printout again. 

He didn’t feel powerful. 

He felt small. 

 

That evening, Josiah sat on the back step with a bowl of grapes and his printout folded on his lap. He wasn’t 

sure how to feel. His mum had said, “It’s just information,” and his dad had said, “It’s a blessing to know 

early.” But it didn’t feel like a blessing. It felt like something was already broken. 

His older brother Levi joined him, still in his soccer kit. “You okay?” 

Josiah shrugged. “Apparently I have a ‘genetic propensity.’” 

Levi raised an eyebrow. “To what? Super strength?” 

“To type 2 diabetes.” 

Levi sat down beside him. “Does that mean you’ll get it?” 

“No. It just means… my genes lean that way. Like my metabolism’s less efficient or something.” 

Levi thought for a moment. “Like… the road you’re on has a hill?” 

Josiah looked up. “What?” 

“Imagine life’s a path. Some people walk flat. Some go uphill. Doesn’t mean you won’t get there. Just 

means you need better shoes.” 

Josiah laughed despite himself. “I guess. But it still feels unfair.” 

Levi nodded. “I get that. But everyone’s got something – weak knees, bad eyesight, anxiety. Some you can 

see, some you can’t. Doesn’t mean God made a mistake.” 

He picked up the printout. “You know what this means to me?” 



“What?” 

“That you’ve been given something to steward. Not to fear. To manage. Like a gift you carry with both 

hands.” 

Josiah looked at his brother and then at the grapes. 

They were sweet. And he ate them more slowly. 

 

The next day, Josiah brought the printout to school. His science teacher, Mr Bennett, had once worked in 

medical research and loved questions like Josiah’s. 

“So this part,” Josiah said, pointing to the cluster labelled ‘GPM-4’, “means I process sugar more slowly?” 

“Correct,” said Mr Bennett. “GPM stands for Gene Packet for Metabolic function. That cluster includes 

multiple genes, not just one. Each gene adds a little influence. It’s not just a single switch – it’s like 

adjusting several dials at once.” 

Josiah nodded. “And the others?” 

“Some packets affect how you build muscle. Others affect how your body handles inflammation or stress. 

Athletes sometimes test for recovery speed or endurance potential. Doctors use these patterns to recommend 

diets or exercise plans that match a person’s biology.” 

Josiah blinked. “So you can eat smarter based on your genes?” 

“Exactly. It’s called personalised nutrition or precision health.” 

“But doesn’t that just make people feel trapped?” 

Mr Bennett shook his head. “Not if they understand what you do – that propensities aren’t certainties. Think 

of it like a weather forecast. If you know rain is likely, you take an umbrella.” 

Josiah laughed. “I hate umbrellas.” 

“Well,” said Mr Bennett, “then get used to running fast.” 

They both chuckled. But Josiah felt lighter. His chart wasn’t a prison. It was a compass. A tool. 

Mr Bennett leaned over. “Josiah, the Bible says we’re temples of the Holy Spirit. Temples take upkeep. 

Learning how your body works? That’s just part of honouring the design.” 

Josiah tucked the chart back into his bag. 

Maybe understanding himself was the beginning of reverence. 

 

That weekend, Josiah cleaned out the bottom drawer of the fridge. He made space for cut veggies, boiled 

eggs, and a labelled water bottle. He started tracking his snacks the same way he tracked his jump distance. 

Not with fear, but with curiosity. 



He didn’t go on a strict diet. He just began to notice – when he ate better, he focused better. When he drank 

water, he ran longer. The changes weren’t dramatic, but they were deliberate. 

Sunday morning, he shared a verse during youth group: 

“So, whether you eat or drink or whatever you do, do it all for the glory of God.” (1 Corinthians 10:31) 

The leader asked, “What does that verse mean to you this week?” 

Josiah stood and said, “That our bodies are like gardens. God gave us soil, seeds, and sunlight. Some parts 

grow fast, some slow. But we all have to tend what we’re given.” 

The room was quiet for a moment, then heads nodded slowly. 

Later, Josiah’s mum found a note on the fridge. 

“My genes are not my limit. They are my assignment.” 

He still measured things – his running time, his sleep, his jump height. But he also measured something 

new: peace. 

It wasn’t the kind that came from controlling everything. It was the kind that came from trusting that God 

knew every part of him – even the parts he was only just beginning to understand. 

And in that trust, Josiah found strength. 

 

After his presentation, Josiah stayed behind to help Mr Bennett clean up. As they collected papers, Josiah 

asked, “Sir, what about traits that don’t follow simple rules? Like… intelligence or height?” 

Mr Bennett smiled. “Great question. Those are polygenic traits. That means they’re influenced by many 

genes working together – not just one. Think of it like a choir, not a soloist. You hear the overall sound, but 

lots of small parts are involved.” 

Josiah nodded. “So… no two people have the same setup?” 

“Exactly. That’s why we see so much variation. Even siblings can inherit different mixes of the same 

genes.” 

He continued, “That’s also why it’s so important not to label people too quickly. Just because someone has a 

genetic advantage – or disadvantage – doesn’t mean we know what they’re capable of. That’s where 

environment, effort, and encouragement come in.” 

Mr Bennett pointed to the verse Josiah had used in his slideshow. 

*“Knit together…” he said. “God didn’t use a mould. He used a pattern – and He keeps stitching through 

our lives.” 

Josiah smiled. “So, it’s not just about what I’m made of. It’s about what I’m made for.” 

And that, he thought, was a far better measurement than any chart could show. 

 



A few weeks later, Josiah stood before his science class holding up his original printout. On the board 

behind him, he had written just three words in large letters: “Gift, Guide, Glory.” 

“This is my gene packet chart,” he said. “It shows propensities – like a leaning toward slower sugar 

metabolism or faster muscle fatigue.” 

He paused and looked at his classmates. 

“But I’ve learned that knowing your propensities isn’t about fear. It’s about honour. My genes are a gift – 

part of my design. They’re also a guide – pointing to wise choices I can make. And if I use them well, I can 

bring glory to the One who wrote the code.” 

He clicked to the next slide: a picture of Psalm 139 underlined. 

“You created my inmost being; you knit me together in my mother’s womb.” 

A hand went up. “Doesn’t that feel like pressure? Like you have to be perfect?” 

Josiah smiled. “Not perfect. Just faithful.” 

He continued. “We all inherit different things – strengths and weaknesses. But what matters most is how we 

respond. If God gave me this body, then it’s mine to use – not just for sport or grades, but for worship.” 

After class, Mr Bennett handed him back his project folder with a quiet nod. “You measured something 

more than metabolism,” he said. “You measured purpose.” 

That night, Josiah stood beside the tape measure on his wall and marked a fresh line – half a centimetre 

higher than last month. 

But it wasn’t the number that mattered anymore. 

It was the posture. 

He stood taller now – not because of height, but because he finally understood the measure of a man. 

As he packed away his chart that night, Josiah whispered, “Lord, thank You for designing even the quietest 

parts of me.” 

 

C) Reflection Questions 

Years 7–8 

1. What is a “propensity,” and how is it different from a prediction? 

2. What are gene packets, and how do they influence traits like health or muscle development? 

3. Why did Josiah begin to see his genetic information as a gift, not a burden? 

4. How did Josiah connect his faith to what he learned about his body? 

Years 9–10 

1. Explain how polygenic inheritance differs from single-gene traits. Give an example. 

2. How does knowledge of gene packets and propensities contribute to personalised medicine or sport 

performance? 

3. What does it mean to “steward” your body, and how did Josiah demonstrate this? 



4. In what ways does this story reflect the themes of honour, devotion, and reverence for God? 

 

D) Hands-On Activity Options (Choose One) 

Option 1 – Create a Stewardship Plan 

You’ll need: 

• A notebook or document 

• Access to a mirror and a quiet space 

Instructions: 

1. Reflect on a physical, emotional, or inherited tendency you know about in your life. 

2. Research one simple habit (food, exercise, sleep, mindset) that helps support that area. 

3. Create a small weekly plan to “steward” that trait for one month. 

4. Include a Bible verse and prayer of commitment in your plan. 

 

Option 2 – Genetic Health Case Study Poster 

You’ll need: 

• Poster paper or digital presentation tool 

• Research materials (books or websites on genetic health) 

Instructions: 

1. Choose a real-world example of a genetic propensity (e.g. type 2 diabetes, lactose intolerance, 

muscle recovery). 

2. Show how that trait is influenced by gene packets (polygenic), environment, and lifestyle. 

3. Include both science (how it works) and a Christian perspective (how we can respond faithfully). 

4. Present to your parent/tutor or display at home. 

 

Option 3 – Artistic Response: "Wonderfully Made" 

You’ll need: 

• Art or writing materials 

Instructions: 

1. Create a drawing, poem, song, or digital image inspired by Psalm 139 and the story. 

2. Reflect on how God has “knit you together” uniquely – strengths and weaknesses included. 

3. Include this sentence somewhere in your work: 

“My genes are not my limit. They are my assignment.” 

 

 

 

 

 



E) Biblical Worldview Connection 

Josiah’s story reminds us that God doesn’t just create us generally – He designs us specifically. Our genes 

are part of His workmanship. They contain both gifts and limitations, strengths and weaknesses. But they do 

not define our destiny. 

We are not called to chase perfection. We are called to faithfulness. When we learn how our bodies work 

and care for them with wisdom, we are honouring the Designer. This is part of true worship – not just 

singing or praying, but living with reverence for what God has made. 

As 1 Corinthians 6:19–20 reminds us: 

“Your body is a temple of the Holy Spirit… therefore honour God with your body.” 

 

F) Narration Activity 

Student Instructions: 

Now that you’ve read Josiah’s story and explored the science of polygenic inheritance, it’s time to tell the 

story in your own way. 

You may: 

• Retell the story aloud to your parent or tutor 

• Write 1–2 paragraphs in your own words 

• Create a short slideshow or visual narration 

Include: 

• What gene packets and propensities are 

• How Josiah responded to his genetic results 

• How faith influenced his choices 

• What “the measure of a man” really means 

 

  



TOPIC 

5 

BRAIN SCIENCE 

 

Lesson 13 – Brains Made to Worship: Attention, 

Stimulus & Response 

Theme: The Wonder of the Human Nervous System 

Character Focus: Honour & Piety – learning to direct our attention wisely and to respond with reverence to 

the extraordinary design of the human mind and body 

 

A) Introduction 

Before you begin reading, become completely still for a few moments. 

Listen. 

Perhaps there is a fan turning somewhere nearby, a bird beyond the window, the distant rumble of traffic, 

the movement of someone elsewhere in the house, or perhaps nothing more obvious than the rhythm of your 

own breathing. Notice the light in the room, the pressure of the chair beneath you, the temperature of the air 

against your skin. 

All of these things were already happening before you consciously noticed them. 

Your eyes were receiving light. Your ears were detecting vibrations. Receptors in your skin were responding 

to pressure and temperature. Signals were travelling through your body, yet most of them had remained 

outside the centre of your conscious attention until you deliberately turned towards them. 

That small exercise gives you a glimpse into one of the most astonishing systems in the human body. 

Your nervous system is never simply “switched off” while you are awake. Even while you read these words, 

your body is receiving, filtering, comparing, prioritising and responding to an enormous stream of 

information. 

In this lesson, you will explore how this happens, but not by beginning with a diagram or a list of 

definitions. 

Instead, we are going to begin high above the streets of Constantinople, beneath a great bronze bell. 

Key Terminology 

Become familiar with these terms before reading the story. You do not need to memorise them yet; their 

meaning will become clearer as they appear naturally through the narrative. 

Stimulus – a detectable change in the internal or external environment that can cause a response 



Response – an action or change produced because of a stimulus 

Receptor – a specialised cell or structure that detects a particular kind of stimulus 

Sensory neuron – a nerve cell that carries information from receptors towards the central nervous system 

Motor neuron – a nerve cell that carries instructions from the central nervous system towards muscles or 

glands 

Central nervous system – the brain and spinal cord 

Peripheral nervous system – the network of nerves connecting the brain and spinal cord with the rest of the 

body 

Reflex – a rapid, largely automatic response to a stimulus 

Selective attention – the focusing of awareness on some information while other competing information is 

reduced or ignored 

 

B) Informational Story 

The Bell Above the City 

Long before sunrise, when Constantinople still lay beneath a sky of deep indigo, the city was already 

beginning to stir. 

Down near the harbour, ropes creaked against wooden vessels as sailors prepared for another day upon the 

Bosporus. In the bakeries, the first ovens glowed orange, warming stone walls while the smell of bread 

slowly began to gather in the streets. Somewhere beyond the crowded roofs, a horse stamped impatiently 

against the paving stones, and from one of the monasteries on the hill came the faint murmur of chanting. 

High above it all, Andreas climbed. 

He was seventeen years old and thin enough to move easily through the wooden scaffolding that filled the 

upper gallery of the great church. His uncle, a carpenter, had sent him ahead to carry chisels, pegs and a 

small hammer to a repair site near the base of one of the bell towers. 

The stone beneath his sandals was cool, and the higher he climbed, the more the sleeping city seemed to fall 

away beneath him. 

He had nearly reached the top when the enormous bell above his head sounded. 

The first blow struck the morning like thunder. 

Andreas jumped so violently that several wooden pegs spilled from the cloth bundle beneath his arm and 

clattered down two steps. 

For a moment he stood perfectly still. 

His shoulders had risen. His breath had caught. His heart seemed to have leapt forward before the rest of 

him had decided what was happening. 



Then came the second toll. 

This time he merely winced. 

By the third, he was smiling at himself. 

“You knew it was there,” he muttered. “You knew bells ring.” 

Yet his body had not waited for his reasoning. 

That thought remained with him. 

Later in the morning, while workers fitted new timber beneath one of the upper galleries, an elderly 

physician named Stephanos climbed the stairs to examine a labourer who had strained his wrist. Andreas 

had seen the man before. Stephanos belonged to the long Byzantine tradition of physicians who studied the 

writings of earlier Greek and Roman doctors, but he also possessed the restless habit of careful observation. 

He noticed how people walked, how pupils changed with light, how fever altered the skin, and how pain 

could make even the strongest man guard an injured limb without thinking. 

When the injured worker had been examined and bandaged, Andreas found Stephanos looking out across the 

city. 

“May I ask you something?” 

The old physician turned with an amused expression. 

“Questions are usually cheaper than medicine.” 

Andreas glanced upward towards the bell. 

“This morning, it rang while I was climbing. I jumped before I thought. Why?” 

Stephanos considered him for a moment. 

“Because the body is quicker than conversation.” 

Andreas laughed. “That sounds like one of your riddles.” 

“Then solve it.” 

The physician raised one hand. 

“If I dropped a stone beside your foot, would you first prepare an argument about whether the stone might 

hurt you?” 

“No.” 

“You would move.” 

“Probably.” 

“And if bright light suddenly entered your eyes?” 

“I would blink.” 



“If smoke filled this room?” 

“I would cough.” 

Stephanos nodded. 

“The body notices change and responds. It does not wait for us to compose a speech.” 

What Stephanos could not have known, of course, was the extraordinary detail that later science would 

uncover beneath those simple observations. He had no microscope capable of revealing neurons, no 

electrical equipment for measuring nerve impulses, no modern model of the spinal cord and brain. Yet his 

question reached towards one of the central mysteries of physiology: 

How does a living body detect what is happening around it and respond with such speed? 

Consider the bell. 

When its bronze surface was struck, the metal vibrated. Those vibrations disturbed the surrounding air, 

producing waves that travelled outward through the tower and across the city. Some of those pressure waves 

entered Andreas’s ears. 

But sound itself never travelled directly into his brain. 

Instead, the movement of air set delicate structures within his ears into motion. Deep inside, specialised 

receptor cells responded to that movement and transformed it into electrochemical signals. 

This transformation is one of the quiet marvels upon which everyday life depends. 

The outer world arrives in many forms: light, pressure, vibration, temperature, chemicals, movement. Yet 

the nervous system must somehow translate these different kinds of information into signals that can travel 

through living tissue. 

Your eyes perform a similar wonder. 

Light reflected from the page before you enters the eye and reaches specialised photoreceptors. Those 

receptors do not send little pictures down a nerve. They convert the presence and pattern of light into 

electrical and chemical activity. 

The same principle unfolds through your skin, your nose and your tongue. Different kinds of receptors are 

exquisitely suited to detect different kinds of change. 

You are, in a sense, surrounded by a world of signals, and your body has been furnished with countless tiny 

gateways through which that world may enter your awareness. 

And yet those gateways would be useless if the information could not travel. 

From sensory receptors, messages move along sensory neurons, carrying information towards the brain and 

spinal cord. Together, the brain and spinal cord form the central nervous system, while the branching 

nerves that spread throughout the rest of the body form the peripheral nervous system. 

If you could somehow see the complete network, it would resemble neither a simple cable nor a crude set of 

wires. It would look more like an unimaginably intricate living communication system, branching and 

reconnecting through the body, gathering information from fingertips, muscles, joints, organs, eyes and ears, 

while sending instructions outward again. 



The body is alive with conversation. 

Andreas understood none of those microscopic details as he stood beside Stephanos, but he understood 

something of the result. 

“So when I jumped,” he said slowly, “my ears noticed first?” 

“Yes.” 

“And then something carried the message?” 

“Precisely.” 

“To my brain?” 

Stephanos smiled. 

“That is where our understanding becomes less certain.” 

Their understanding was indeed limited, but modern science allows us to follow the pathway much further. 

A stimulus is detected by a receptor. Information travels through sensory neurons towards the central 

nervous system. There it may be processed and coordinated before motor signals travel outward through 

motor neurons to an effector—often a muscle or gland—which produces the response. 

One common way of representing this is: 

Stimulus → Receptor → Sensory neuron → Central nervous system → Motor neuron → Effector → 

Response 

It is a useful model, although the true nervous system is far more complex than a single line of arrows. 

Sometimes the response is astonishingly fast. 

If you accidentally touch something dangerously hot, receptors in your skin detect the change. The signal 

races inward. A rapid response can be coordinated through the spinal cord so that muscles contract and 

withdraw your hand before conscious thought has fully caught up with what has happened. 

That is a reflex. 

Only after the hand has begun to move may you become sharply aware of the pain and think, That was hot. 

Imagine the wisdom of such a system. 

If every dangerous event required a long conscious debate, survival would become difficult indeed. The 

nervous system contains pathways capable of acting with great speed precisely because some situations 

cannot afford hesitation. 

Yet this is only one side of the human response. 

A human being is not merely a collection of reflexes. 

Later that same week, Andreas discovered the difference. 



The upper gallery was crowded with workers. Timber knocked against stone. Tools rang. Men shouted 

measurements from one end of the scaffold to the other while voices from the church below rose and 

blended with the echoing space. 

It was not quiet. 

Indeed, it was so full of sound that after an hour Andreas had stopped consciously noticing most of it. 

Then, through all the hammering, conversation and reverberation, he heard something very small. 

“Help.” 

He stopped. 

The word had barely risen above the surrounding noise. 

For a moment he wondered whether he had imagined it. 

Then it came again. 

“Help.” 

This time Andreas turned immediately. 

Behind a section of scaffold, a younger apprentice had slipped while carrying timber. One leg was trapped 

awkwardly beneath a beam. He was frightened, but not badly injured. 

Within seconds several men had lifted the timber away. 

Later, Andreas remembered the moment and became puzzled again. 

The great bell had been loud enough to shake him. 

The boy’s voice had been little more than a whisper. 

Yet he had noticed the whisper among dozens of louder sounds. 

Why? 

Because your nervous system does not merely measure intensity. Your brain interprets meaning. 

A sudden loud noise may capture attention because it is unexpected and potentially important. But a quiet 

sound—your name in a crowded room, a baby crying, someone calling for help—may also leap forward into 

awareness because of what it means. 

The brain therefore performs something far more sophisticated than simple detection. 

It selects. 

Every moment of consciousness is surrounded by far more information than you can attend to at once. Your 

clothes press against your skin, air moves across your face, sounds rise and fall around you, your eyes 

contain a broad field of visual detail, muscles report their position, and internal organs continually send 

information about the condition of your body. 

Yet you are not consciously overwhelmed by all of it. 



Instead, attention moves like a lamp through a vast chamber, illuminating some things brightly while others 

remain in the background. 

Scientists call this process selective attention. 

It is one reason you can read a book in a room containing furniture, shadows, sounds and movement without 

consciously analysing each of them. It is also why a musician hears a note that seems perfectly normal to 

everyone else, why a carpenter notices a line that is not quite straight, why a mother may detect her child’s 

voice in a noisy gathering, and why a trained physician sees details another person passes over without 

noticing. 

What you learn to attend to changes what you notice. 

Experience trains attention. 

Habit trains attention. 

Love trains attention. 

Fear can train attention too. 

And technology can deliberately compete for it. 

If Andreas could have stepped from Constantinople into a modern city, much of what he saw would have 

seemed miraculous. A small rectangle of glass could display maps, messages, music, books, moving images 

and voices from the other side of the world. 

But after the amazement passed, he might have noticed something familiar. 

Human beings still design environments to direct attention. 

The builders of great Byzantine churches used scale, light, gold, echo, colour and height to shape the 

experience of those who entered. Mosaic figures looked down from domes. Light crossed polished surfaces. 

Human voices gathered into a vast resonance. Architecture did not merely occupy space; it guided the eye 

and ear towards what the builders believed worthy of attention. 

Modern technology does the same thing, although sometimes for very different purposes. 

A notification sound interrupts silence because sound captures attention. 

Movement on a screen draws the eye. 

A numbered icon suggests unfinished business. 

A stream of new material promises that something different is always one swipe away. 

The science of attention has become part of technological design. 

Once again, the technology itself is not necessarily harmful. A reminder can protect you from forgetting. A 

message may contain urgent news. A navigation system may direct you away from danger. Educational 

software can highlight precisely what a learner needs to see. 

The deeper question is not whether technology attracts attention. 

It is whether you remain capable of choosing where your attention belongs. 



When multiple stimuli compete continually, demanding thought becomes more difficult. You may believe 

you are “multitasking,” but the brain is often switching rapidly between tasks, leaving one train of thought to 

attend to another and then attempting to return. 

Each switch may seem tiny. 

A glance at a message. 

A sound. 

A notification. 

A new tab. 

A few seconds of video. 

Yet sustained thought is built from continuity. 

Break continuity often enough, and the mind begins to live at the surface of things. 

And here the science becomes something more than biology. 

It becomes a question of character. 

One evening, long after the workers had gone, Andreas returned alone to the upper gallery to collect a tool 

his uncle had forgotten. The church beneath him was almost empty. 

No hammering filled the chamber now. 

No market cries entered from outside. 

Even the bell was still. 

For the first time that week, Andreas noticed the light. 

A narrow shaft of late afternoon sun had entered through an upper window and crossed the vast interior, 

catching tiny particles of dust in the air. They seemed to float like gold. 

He stood without moving. 

Below him, the enormous space of stone, timber, colour and shadow appeared almost to breathe. 

Nothing had changed. 

The church had been there all day. 

The light had been there. 

The dust had been there. 

But now Andreas was attending to it. 

He remembered Stephanos saying that the body notices change. 

Perhaps, Andreas thought, there was another kind of noticing too. 



Not the startled response to danger. 

Not the reflex that protects the hand from flame. 

Not even the sudden turning of the head when someone calls for help. 

There was also the chosen act of attending to something because it was worthy of attention. 

The Psalmist had written: 

“When I consider Your heavens, the work of Your fingers…” 

Not merely when I see. 

When I consider. 

The heavens were visible to everyone. 

But consideration required something more. 

It required a human being to stop long enough to notice. 

That thought stayed with Andreas as he descended the stairs. 

The nervous system allows us to encounter the world. Receptors gather its signals. Nerves carry information. 

The brain interprets, filters and coordinates. Reflex pathways protect us. Attention allows us to select from 

an ocean of sensation. 

And yet those extraordinary mechanisms still leave us with a question that physiology alone cannot answer: 

What is worthy of our attention? 

Science can show us how the eyes receive light. 

It can trace the signals through nerves. 

It can investigate how attention shifts. 

It can measure the effect of distraction upon performance. 

But wisdom asks where the eyes should rest. 

Honour asks what deserves to be noticed. 

Piety turns attention towards God. 

Perhaps that is one of the most remarkable things about the human brain. 

It was not merely made to react. 

It was made to notice beauty, to remember, to choose, to contemplate, to love, to listen to another person, to 

seek truth and to stand beneath the heavens in wonder. 

A bell can capture your attention. 



But worship is what happens when you learn to give it. 

 

C) Narration 

Close the lesson or turn the page so that you cannot see the story. 

Now retell “The Bell Above the City” in your own words. 

Do not attempt to reproduce every scientific term. Begin with the story itself and allow the science to 

emerge naturally as you remember it. 

You may narrate orally to your parent, Home-Tutor or teacher, record an audio narration, or write 

approximately two to four paragraphs. 

Try to include: 

• why Andreas was startled by the bell  

• what Stephanos helped him begin to understand  

• how a stimulus is detected and carried through the nervous system  

• the difference between a rapid reflex and a more considered response  

• why Andreas noticed the quiet cry for help among louder sounds  

• what selective attention means  

• how architecture and modern technologies can influence attention  

• what Andreas finally understood while standing in the quiet church.  

 

D) Thinking Questions 

Record your responses in your Science Journal. 

Years 7–8 

1. Why did Andreas react to the bell before he had time to think carefully about it?  

2. Explain the difference between a stimulus and a response.  

3. What is the purpose of sensory receptors?  

4. Why do you think the human brain cannot give full conscious attention to every stimulus at once?  

5. Why was Andreas able to notice the apprentice’s quiet call for help even though louder sounds 

surrounded him?  

6. Give an example of something you have learned to notice because of practice or experience.  

7. What are two ways that technology can deliberately attract your attention?  

8. What do you think Andreas meant when he began to see “noticing” as something more than simply 

reacting?  

Years 9–10 

1. Using the story of the bell, explain the pathway from stimulus to response, including receptors, 

sensory neurons, the central nervous system, motor neurons and effectors.  

2. Why can a reflex response occur more rapidly than a fully conscious decision?  



3. Explain how the cry for help illustrates that selective attention depends upon meaning as well as 

stimulus intensity.  

4. Why might repeated attention-switching make complex thinking more difficult?  

5. Analyse the statement: “What you learn to attend to changes what you notice.”  

6. Compare the way Byzantine architecture and modern digital technologies can both be designed to 

guide human attention.  

7. Does a designer have an ethical responsibility when creating something intended to capture and 

retain attention? Explain your reasoning.  

8. Science can investigate how attention works. What kinds of questions about attention require ethical, 

philosophical or theological reasoning as well?  

 

E) Science Investigation – Does Distraction Affect 

Response? 

In the story, Andreas experienced both rapid response and selective attention. You will now investigate 

whether a competing stimulus appears to affect performance on a simple response task. 

Investigation Question 

Does mild background distraction affect the distance a ruler falls before a person catches it? 

Materials 

You will need: 

• a 30 cm ruler  

• another person  

• your Science Journal  

• pencil  

• calculator if desired  

• a source of mild background distraction, such as quiet conversation or low-volume spoken audio.  

Avoid very loud noises, flashing lights or anything uncomfortable. 

Before You Begin 

Write a prediction. 

I predict that ______________________________________________ because 

______________________________________________. 

Years 9–10 should also identify: 

Independent variable: whether a distracting stimulus is present 

Dependent variable: the distance the ruler falls before being caught 

Controlled variables: factors that should remain as similar as possible between trials, such as the same 

ruler, participant, hand position and release method 



 

Part 1 – Quiet Condition 

1. Ask your partner to hold the ruler vertically.  

2. Position your thumb and index finger near the 0 cm mark without touching the ruler.  

3. Your partner should release the ruler without warning.  

4. Catch it as quickly as possible.  

5. Record the centimetre mark at which you caught it.  

6. Repeat the test five times.  

Trial Quiet Condition – Catch Distance 

1   

2   

3   

4   

5   

Average   

 

Part 2 – Distraction Condition 

Repeat the same procedure while a mild distracting stimulus is present. For example, your partner might ask 

you simple unrelated questions while you wait for the ruler to drop. 

Complete five trials. 

Trial Distracted Condition – Catch Distance 

1   

2   

3   

4   

5   

Average   

A greater distance means that the ruler had more time to fall before you caught it. 

 

 

 

 

 

 

F) Analyse Your Investigation 

Create a column graph comparing the average catch distance for the two conditions. 

Then answer: 



1. Under which condition was your average catch distance shorter?  

2. Was the difference between the two conditions large or small?  

3. Did your results support your original prediction?  

4. Were any results noticeably different from the others?  

5. What might explain an anomalous result?  

6. Was the ruler released in exactly the same way every time?  

7. Did you begin to anticipate when it would be released?  

8. What other variables may have influenced your result?  

9. Why would testing only one person make it difficult to draw conclusions about people generally?  

10. How could you redesign the investigation to produce more reliable evidence?  

Years 9–10 Scientific Writing 

Write a brief conclusion beginning: 

“The data from this investigation suggest that…” 

Be careful not to claim more than your evidence supports. 

Scientific humility means allowing the evidence to speak at the strength it actually possesses rather than at 

the strength we wish it possessed. 

 

G) Design & Technology Application – Designing 

an Environment for Attention 

In the Primary course, students explore the idea that colour, sound, movement and repetition can influence 

what people notice, and that design can either assist attention or create distraction.  

Your challenge is to apply this principle at a more advanced level. 

Design Brief 

Design a space intended for one of the following purposes: 

• serious study  

• reading  

• prayer  

• reflection  

• careful creative work.  

Your design may be a real space in your home or an imagined one. 

Consider: 

• lighting  

• sound  

• visual clutter  

• seating  

• location of devices  

• notification management  



• access to useful materials  

• comfort  

• colour  

• one element intended to encourage beauty, peace or wonder.  

Create a labelled sketch or digital design. 

For at least five features, explain: 

Design Feature → Influence on Attention → Reason for Choice 

For example: 

Phone placed outside immediate reach → reduces visual and auditory notification stimuli → supports 

longer periods of uninterrupted concentration. 

Years 9–10 Extension 

Identify at least one competing design consideration. 

For example, a computer may be essential for research while also creating opportunities for distraction. 

Explain how your design attempts to balance these competing needs. 

 

H) Attention Observation 

For one ordinary day, pay attention to what captures your attention. 

You do not need to record every event. Instead, notice recurring influences such as: 

• people  

• schoolwork  

• music  

• messages  

• games  

• social media  

• nature  

• books  

• worries  

• prayer  

• food  

• advertising  

• background noise  

• notifications.  

At the end of the day, answer: 

Which things received my attention because I deliberately chose them? 

Which things repeatedly captured my attention without being deliberately chosen? 

What deserves more of my attention? 



What presently receives more attention than it deserves? 

The purpose of this activity is observation, not self-condemnation. A scientist first learns to observe 

accurately before attempting to change a system. 

 

I) God’s Big Story Reflection – Attention, Wonder 

& Worship 

Read Psalm 8:3–4. 

The Psalmist does not merely see the heavens. 

He considers them. 

There is a profound difference. 

A person may live beneath stars every night and never really look at them. Another person may pause 

beneath the same sky and become overwhelmed by the immensity, beauty and order of creation. 

The photons reaching their eyes may be similar. 

Their attention is not. 

Your nervous system allows you to encounter creation through an astonishing array of specialised receptors 

and finely coordinated pathways. It allows you to hear another person’s voice, feel warmth, recognise 

colour, withdraw from danger, follow music, read language and look upward into the night sky. 

Yet God has given human beings more than the ability to detect. 

He has given us the capacity to consider. 

To wonder. To remember. To choose. To worship. 

The more carefully we study the nervous system, the less ordinary it becomes. What seems effortless—

seeing a face, hearing a name, moving a hand away from danger, noticing a faint voice in a noisy place—

rests upon layers of coordinated processes of astonishing complexity. 

For the Christian, scientific knowledge need not drain wonder from the world. 

It can deepen it. 

The explanation does not have to extinguish the mystery. 

Sometimes understanding the mechanism only makes the design more remarkable. 

Write a short reflection responding to this statement: 

“The more deeply I understand how the human nervous system works, the more reason I have to 

respond with honour and reverence.” 

Explain whether you agree and why. 



 

J) Portfolio Evidence 

Retain the following pieces in your Science, Technology & Health Portfolio: 

• your stimulus–response pathway explanation  

• responses to the Thinking Questions  

• ruler-response investigation data  

• graph and scientific conclusion  

• investigation evaluation  

• design-for-attention plan  

• Attention Observation reflection  

• narration  

• God’s Big Story Reflection.  

Together, these pieces provide evidence of scientific understanding, inquiry skills, design thinking, 

observation and ethical reflection. 

 

K) Australian Curriculum v9 Mapping 

Code Full Content Description Justification 

AC9S9U01 

compare the role of body systems in regulating and 

coordinating the body’s response to a stimulus, and 

describe the operation of a negative feedback mechanism 

Students trace how stimuli are detected through receptors, transmitted through 
sensory pathways, processed by the central nervous system and expressed through 

motor responses. This lesson develops the response-to-stimulus component; negative 

feedback will be explored in a later lesson. 

AC9S9I01 

develop investigable questions, reasoned predictions and 

hypotheses to test relationships and develop explanatory 

models 

Students make a reasoned prediction about the possible relationship between 
distraction and ruler-catching performance. 

AC9S9I04 

select and construct appropriate representations, 

including tables, graphs, descriptive statistics, models and 

mathematical relationships, to organise and process data 

and information 

Students record repeated measurements, calculate averages, construct a graph and 

use a stimulus-response model to represent nervous-system processes. 

AC9S9I05 
analyse and connect a variety of data and information to 

identify and explain patterns, trends, relationships and 

anomalies 

Students compare results from quiet and distracted conditions, identify trends and 

anomalies, and consider sources of variation. 

AC9S10I01 
develop investigable questions, reasoned predictions and 

hypotheses to test relationships and develop explanatory 

models 

Year 10 students formulate predictions and consider the proposed relationship 

between competing stimuli and response performance. 

AC9S10I04 

select and construct appropriate representations, 

including tables, graphs, descriptive statistics, models and 

mathematical relationships, to organise and process data 

and information 

Year 10 students process investigation data using averages, tables and graphical 

representation. 

AC9S10I05 

analyse and connect a variety of data and information to 

identify and explain patterns, trends, relationships and 

anomalies 

Year 10 students interpret their data carefully and distinguish limited experimental 
evidence from broader scientific claims. 

 

  



Lesson 14 – Brain Structure & Habit Formation: 

Pathways, Practice & Choice 

Theme: The Changing Brain – How Repeated Actions Shape Neural Pathways 

Character Focus: Honour & Piety – recognising that repeated choices shape the way we think and act, and 

learning to cultivate habits that direct our lives towards what is good, true and worthy. 

Learning Objectives 

By the end of this lesson, you should be able to: 

• explain how different regions and networks of the brain contribute to movement, memory, attention 

and behaviour  

• describe, at an introductory level, how neurons communicate across synapses  

• understand neuroplasticity as the brain’s capacity to alter its connections and patterns of activity 

through experience  

• explain why repeated practice can make some actions easier and more automatic  

• distinguish between a deliberate action and an established habit  

• investigate whether repeated practice improves performance on a simple task  

• apply knowledge of habit formation to the design of an environment or routine  

• reflect on the relationship between repeated choices, character, discipline and worship.  

 

A) Introduction – The Path You Make by Walking 

Imagine a field of long grass after rain. 

No pathway crosses it. 

The first person who walks from one side to the other must push through the grass, lifting each foot carefully 

and deciding where to step. Behind them, the stalks bend slightly, but the field soon begins to rise again. 

Then another person follows. 

And another. 

Day after day, feet pass along approximately the same line. The grass is pressed lower. The soil becomes 

visible. Eventually, what once required deliberate navigation becomes an obvious path. 

No one had to build the pathway with bricks or stone. 

It formed because the same journey was made repeatedly. 

Your brain is not literally a field of grass, and neurons do not become footpaths. Yet the comparison helps 

us imagine something extraordinary: experience changes the nervous system. 

The actions you practise, the skills you repeat, the thoughts you return to and the behaviours you rehearse 

can influence how readily particular neural networks are activated in the future. 

This is one reason practice matters. 



It is also one reason habits matter. 

In the previous lesson, you explored how the nervous system detects stimuli, carries information and 

coordinates responses. The Primary version of this Brain Science sequence then moves from attention into 

neural pathways, repeated practice and the deliberate design of helpful routines.  

Today we will follow that pathway much further. 

Key Terminology 

Neuron – a specialised cell that receives and transmits information through electrical and chemical signals 

Synapse – the tiny junction where one neuron communicates with another cell 

Neurotransmitter – a chemical messenger released by a neuron that can influence another cell 

Neural pathway – a network of connected neurons involved in carrying or processing particular kinds of 

information 

Neuroplasticity – the capacity of the nervous system to change its connections and patterns of activity in 

response to experience, learning or injury 

Habit – a behaviour that becomes easier to perform with less conscious deliberation after repeated practice 

in a particular context 

Cue – something that prompts or helps initiate a behaviour 

Routine – the action or sequence of actions that follows 

Reinforcement – a consequence that increases the likelihood that a behaviour will occur again 

Myelin – a fatty insulating material surrounding parts of many neurons that helps nerve signals travel 

efficiently 

 

B) Informational Story 

The Manuscript and the Music 

Winter had settled over Constantinople, and although the city rarely knew the deep snows of lands farther 

north, a cold wind came sweeping across the Bosporus and found its way through every open courtyard and 

narrow street. Along the harbour, sailors pulled their cloaks tightly around them as they unloaded grain, 

timber and amphorae from distant ports. Smoke rose from household fires, mingling with the mist above the 

rooftops, while high upon the hills the domes and towers of churches caught the pale light of morning. 

Within the walls of a monastery overlooking the city, fifteen-year-old Mikael was trying, with very little 

success, to make the Greek letter phi behave itself. 

He dipped his reed pen into the ink, carefully removed the excess against the side of the small vessel, and 

began again. 

The first stroke leaned too far to the left. 



He tried another. 

This one was too thick. 

The third might have been acceptable had he not smudged the final curve with the side of his hand. 

Mikael stared at the page and sighed. 

Across the table, Brother Theodoros continued working as though nothing had happened. The elderly scribe 

had been copying manuscripts for longer than Mikael had been alive, and his hand seemed to move across 

the parchment with scarcely any effort. Line after line appeared beneath his pen, each letter distinct yet 

beautifully joined to the whole. 

Mikael watched for a moment. 

“How do you do that?” 

Theodoros did not look up. “Do what?” 

“Write without fighting the pen.” 

Now the old man smiled. 

“You think the pen and I have always been friends?” 

“It certainly looks that way.” 

Theodoros placed his pen down and reached across the table for Mikael's page. He examined it with the 

seriousness of a physician inspecting a wound. 

“This word,” he said at last, “appears to be attempting to escape.” 

Mikael groaned. 

“And this letter has fallen over.” 

“I know.” 

“This one is surprisingly good.” 

Mikael looked up. “Which one?” 

Theodoros pointed. 

“That?” 

“Yes.” 

“I wrote that one yesterday.” 

“Then yesterday you knew how to do it.” 

Mikael laughed despite himself. “That isn't very helpful.” 



“It is more helpful than you think. Your task is not to discover something your hand has never done. Your 

task is to teach your hand to do more consistently what it has already begun to learn.” 

He slid the parchment back across the table. 

“Again.” 

So Mikael began again. 

For weeks, very little seemed to happen. 

Every morning he entered the scriptorium, prepared his pens, arranged his parchment beneath the light and 

practised the same movements. The process felt painfully slow. His eyes knew what a beautiful letter should 

look like long before his fingers seemed capable of producing one. 

Yet somewhere beneath the level of conscious awareness, his body was learning. 

The changes were small enough to escape his notice at first. His grip became less rigid. His wrist moved 

more freely. He began judging the spacing between letters without stopping to measure it. Curves that had 

once demanded intense concentration gradually became familiar movements, while the small adjustments 

needed to keep a line straight seemed to occur almost by themselves. 

Then, one afternoon, Mikael reached the end of a paragraph and stopped. 

Brother Theodoros glanced towards him. “What is wrong?” 

“I wasn't thinking about the letters.” 

“That sounds dangerous for a scribe.” 

“No, I mean that I was thinking about what the sentence said. My hand was simply writing.” 

The old man's face softened into a smile. 

“Then perhaps your hand is beginning to remember.” 

It was a beautiful expression, although scientifically it was not quite accurate. Mikael's hand did not possess 

a separate memory of its own. The muscles of his fingers did not store the shapes of Greek letters, nor did 

his wrist somehow remember where each stroke belonged. 

The memory lay within the astonishing living network that controlled those movements. 

If Mikael could somehow have looked inside his own skull with the instruments of modern neuroscience, he 

would have discovered a world whose complexity would have surpassed even the most intricate mosaics of 

Constantinople. Instead of tesserae of coloured stone and glass, he would have found living cells, organised 

into networks so elaborate that even centuries of scientific investigation have not exhausted their mysteries. 

Among the most important of these cells are neurons. 

A neuron is exquisitely shaped for communication. Branching structures called dendrites receive signals 

from other cells, while an axon carries an electrical impulse away from the neuron's cell body. Some axons 

are astonishingly long, extending through parts of the body while remaining portions of a single cell. 

Yet neurons generally do not communicate by simply joining themselves together like pieces of copper wire. 

Between one neuron and another lies a microscopic junction called a synapse. When an electrical impulse 



reaches the end of an axon, it can trigger the release of chemical messengers called neurotransmitters. 

These chemicals cross the tiny gap and bind to receptors on another cell, influencing whether and how that 

cell responds. 

Electrical signalling and chemical communication therefore work together within the nervous system. 

Mikael knew none of these terms. He had never heard of dendrites, neurotransmitters or synapses, yet every 

letter he formed depended upon their activity. His eyes gathered information from the page; his brain 

interpreted shapes and spacing; sensory information from his fingers and joints helped monitor the position 

of his hand; motor signals controlled the delicate contractions of muscles; and, as he compared what he 

intended to write with the mark actually appearing on the parchment, corrections were continually being 

made. 

At first, the task had demanded nearly all his attention because the pattern was unfamiliar. Gradually, 

repeated practice changed the way his nervous system performed it. 

Modern scientists use the term neuroplasticity to describe the nervous system's remarkable capacity to 

change in response to experience. Learning can alter the strength of communication between neurons, 

influence the organisation of neural networks and contribute to changes in how efficiently particular skills 

are performed. 

The brain, then, is not like a finished stone statue whose form is permanently fixed once the sculptor lays 

down his chisel. It is living tissue, continually responding to experience. 

That truth would become even clearer to Mikael when Brother Theodoros decided that handwriting was not 

the only thing he ought to learn. 

“The choir needs another voice,” the old man announced one afternoon. 

Mikael looked around, as though a more suitable candidate might suddenly appear between the shelves. 

“I don't sing.” 

“You possess a voice.” 

“So does the monastery donkey.” 

Theodoros raised an eyebrow. “I have heard both. Yours has greater promise.” 

It was difficult to tell whether this was encouragement. 

Nevertheless, the following morning Mikael found himself standing among the younger singers beneath the 

great curve of the church dome, trying to follow a melody that everyone else seemed to know. 

His first attempts were dreadful. 

When the choir rose together to a higher note, Mikael sometimes remained stranded below it. When the 

singers paused to breathe, he discovered that he had already used most of his breath. He watched their 

mouths, listened desperately to the voices beside him and tried to remember what came next, but the harder 

he concentrated on one part of the task, the more likely he seemed to lose another. 

The choirmaster was patient. 

“Again,” he would say. 



That word followed Mikael everywhere. 

Again in the scriptorium. 

Again in the choir. 

Again when the letter leaned. 

Again when the note wandered. 

At first, repetition seemed merely to expose how much he could not do. After several months, however, it 

began to reveal something else. 

He was changing. 

Not dramatically, and certainly not all at once. Rather, the change accumulated so gradually that one 

morning Mikael found himself singing a familiar passage while thinking about the meaning of the words 

instead of worrying about the position of every note. His breathing had begun to follow the musical phrases 

naturally, and his ear recognised intervals that had once seemed indistinguishable. 

The music had not become simpler. 

Mikael's nervous system had become more skilled at performing it. 

Repeated practice activates networks of neurons again and again, and learning can change the effectiveness 

and coordination of those networks. In some parts of the nervous system, axons are surrounded by a fatty 

insulating substance called myelin, which helps electrical impulses travel efficiently. Skill learning cannot 

be reduced to a simple formula such as “practice produces more myelin,” because the biological processes 

involved in learning are far more intricate than that. Nevertheless, repeated experience can bring genuine 

physical and functional changes within the nervous system. 

This means that practice is more than an idea. 

When you practise a musical scale, a tennis serve, handwriting, keyboarding, a mathematical procedure or 

the pronunciation of words in another language, your repeated activity is interacting with a living nervous 

system capable of adaptation. 

Perhaps that is why the familiar saying “practice makes perfect” is not quite right. 

Practice does not necessarily make perfect. 

Practice makes practised. 

Mikael discovered this one rainy afternoon when Brother Theodoros stopped him halfway through a page. 

“Show me that letter again.” 

Mikael wrote it. 

“No.” 

He tried again. 

Theodoros shook his head. 



“What is wrong with it?” 

“You are beginning the stroke from the wrong position.” 

“But it looks almost the same.” 

“For the moment. Now write it slowly.” 

Mikael obeyed and immediately felt the awkward movement his teacher had noticed. 

“How long have I been doing that?” 

“Several weeks.” 

“Why didn't you tell me?” 

“I did.” 

Mikael thought for a moment and reluctantly remembered that this was true. 

Theodoros smiled. “You have become quite skilled at making the same mistake.” 

There was an uncomfortable wisdom in the observation. 

The nervous system learns through repeated experience, but it does not possess an automatic filter labelled 

WISE THINGS ONLY. Poor technique can be practised. An inefficient movement can become familiar. A 

mistaken procedure can become easier to repeat simply because it has been repeated so often. 

And the same principle extends beyond formal skills. 

Without realising it, Mikael had already begun forming patterns that had nothing to do with manuscripts or 

music. 

Every afternoon, when he left the scriptorium, he passed a small stall near the monastery gate where a 

woman sold honey cakes. The first time he bought one, he had simply been hungry. The cake was warm, 

fragrant with spice and sweet enough to make him forget the cold wind coming from the harbour. 

The next afternoon, he bought another. 

Soon the pattern became familiar. The day's copying ended; Mikael packed away his pens, walked towards 

the gate, smelled warm honey and reached into his cloak for a coin. 

One afternoon he arrived at the stall and discovered that he had already taken out his money before deciding 

whether he actually wanted anything. 

He looked at the coin in his hand and laughed. 

“How did you get there?” 

The stallholder regarded him suspiciously. “Are you talking to your money?” 

“Apparently.” 

What Mikael was noticing was the beginning of a habit. 



Habits are not identical to practised motor skills, but both reveal the nervous system's ability to learn 

through repetition. When behaviours repeatedly occur in similar circumstances, cues within the environment 

can become associated with particular actions. The time of day, the sight of a doorway, a particular sound, 

the presence of another person, or even an emotional state may begin to prompt a familiar response. 

For Mikael, leaving the scriptorium and smelling honey had become cues connected with buying the cake. 

For a modern student, the cue might be different. 

A vibration in a pocket may produce an almost immediate reach for a phone. 

Opening a computer to begin schoolwork may prompt a quick visit to an entertainment site. 

Walking into a kitchen may trigger the search for food even when hunger is absent. 

Sitting in a particular chair may make someone feel ready to read, while another place may be so strongly 

associated with entertainment that serious concentration becomes difficult. 

This does not mean that human beings are helpless prisoners of environmental cues. Quite the opposite: 

understanding how habits work gives us opportunities to shape our surroundings more wisely. 

Brother Theodoros demonstrated this without ever studying behavioural science. 

One morning, Mikael spent more time looking through the window than copying the manuscript before him. 

Builders were repairing a wall outside, and every movement caught his eye. 

At last Theodoros stood, crossed the room and closed the wooden shutter. 

Mikael stared at him. 

“Was that necessary?” 

“You tell me.” 

“I could have chosen not to look.” 

“You could.” 

“Then shouldn't I learn self-control?” 

“Certainly. You may begin by not arranging your surroundings so that self-control must fight a battle every 

thirty seconds.” 

Mikael laughed, but the old man had made his point. 

Good design can support good intentions. 

A student who wants to read more can leave a worthwhile book where it is easy to reach. Someone who 

intends to practise an instrument can prepare it beforehand rather than leaving it packed away behind several 

obstacles. A person trying to concentrate can silence unnecessary notifications instead of demanding that 

attention defeat the same interruption repeatedly. 

Sometimes we imagine discipline as though its highest form consists of surrounding ourselves with 

distractions and heroically resisting every one of them. Wisdom may instead ask why we invited so many of 

them into the room. 



This is where brain science meets design. 

We design buildings, tools and technologies, but we also design routines and environments. Those designs 

can make particular behaviours easier or harder, more visible or less visible, more likely to begin or easier to 

forget. 

Yet there is another side to neuroplasticity that Mikael would have been glad to know. 

The brain's capacity to learn does not mean that once an unwanted pattern has developed it can never 

change. 

A familiar behaviour may indeed be easier to repeat precisely because it has been rehearsed many times, but 

the nervous system remains capable of further learning. Different responses can be practised. Environments 

can be changed. Old cues can be removed or altered, while new routines can gradually become more 

familiar. 

Imagine once more the field of long grass. 

If people walk the same route every day, a path eventually appears. The easiest thing is then to follow the 

path that already exists, because the grass has been flattened and the ground beneath has become firm. 

Now imagine deciding to walk another way. 

At first the new route is inconvenient. Grass catches against your legs, and the old path lies nearby, broad 

and familiar. Yet if the new route is travelled repeatedly, it too begins to change. 

The brain is vastly more complicated than a field, of course, and neural pathways are not literal tracks worn 

through tissue. Even so, the image captures something valuable: what feels easiest today has often been 

practised in the past, while what we practise today can help shape what becomes easier in the future. 

That is a hopeful truth. 

It is also a sobering one. 

Years passed, and Mikael eventually became a skilled scribe. Younger apprentices watched his pen move 

confidently across the parchment and assumed that such fluency had always belonged to him. 

He sometimes allowed them to believe it for a while. 

Then, when one became particularly discouraged, he would open a wooden chest and take out one of his 

earliest practice pages. 

The letters lurched across it in glorious disorder. 

“Yours?” a student once asked in disbelief. 

“Every terrible line.” 

“You wrote like that?” 

“Worse, actually. I chose one of the better pages.” 

The boy laughed. 

“How did you become so good?” 



Mikael looked across the room towards the desk where Brother Theodoros had once worked. 

“Again,” he said. 

The student frowned. 

“Again?” 

“Again when it is difficult. Again when you would rather stop. Again after someone corrects you. Again 

tomorrow. But there is something else you must remember.” 

“What?” 

“Make certain that what you repeat is worth becoming good at.” 

The advice reached much further than handwriting. 

By then Mikael understood that human beings are formed partly through repetition. Skills grow through 

practice, but so can patterns of behaviour. The things we repeatedly give our attention to, the responses we 

rehearse, and the choices we make in familiar circumstances can gradually become part of the ordinary 

shape of our lives. 

Patience can be practised. 

So can impatience. 

Careful listening can become more natural through use, while constant interruption can become equally 

familiar. 

Gratitude can be cultivated until noticing goodness becomes less unusual, just as complaining can be 

rehearsed until dissatisfaction seems to arise without invitation. 

Truthfulness, diligence, generosity, prayer and attentiveness are not merely feelings that appear when 

circumstances are favourable. They are ways of living that can be chosen repeatedly. 

This does not mean that character is nothing more than neural wiring, nor that virtue can be reduced to 

chemistry in the brain. Human beings are far richer than such a description. Neuroscience can tell us 

something about how repeated behaviour becomes familiar, but it cannot decide whether the behaviour itself 

is good. 

Science can investigate how a habit forms. 

Wisdom must ask which habits are worthy of formation. 

One evening, after the other scribes had gone, Mikael remained in the library to finish a manuscript. 

Outside, the last light of the day rested upon the city, and through the high window he could see the distant 

water of the Bosporus darkening beneath the evening sky. 

He opened a small book of Psalms that had belonged to Brother Theodoros. 

The old scribe had died the previous winter, leaving behind shelves of carefully copied manuscripts and, in 

the memories of his students, an astonishing collection of sayings that had once seemed irritating and now 

seemed wise. 

Near the middle of the Psalms, Mikael found a note written in the margin. 



He recognised the handwriting immediately. 

What the hand repeats, the heart should remember. 

For several moments Mikael simply looked at it. 

He remembered his first crooked letters and the endless instruction to begin again. He remembered the choir, 

the honey cakes, the shutter closing against distraction, and all those small repetitions that had seemed 

insignificant while he was living through them. 

Then he looked at his own hand. 

It was older now, broader than it had been at fifteen, and the fingers carried faint stains from years of ink. 

Without conscious effort, he could make them form letters with a precision that his younger self would have 

thought impossible. 

How extraordinary, he thought, that the Creator had made the human body capable of this. 

A brain could learn. 

A nervous system could adapt. 

An unfamiliar movement could become graceful through practice. 

A person who had learned one pattern could begin learning another. 

There were limits, certainly. No amount of practice could make every person equally gifted at every task, 

and neither biology nor circumstance could simply be wished away. Yet within those limits lay an 

astonishing capacity for growth. 

Mikael dipped his pen into the ink and began the next line. 

This time, however, he was thinking about far more than handwriting. 

He was thinking about the kind of man he was becoming. 

The question carried a weight that no manuscript exercise had ever possessed. If repeated practice could 

help shape a skill, and repeated choices could help shape the habits through which ordinary life was lived, 

then the unnoticed repetitions of each day mattered. 

Not because every mistake permanently imprisoned a person, and not because perfect behaviour could 

somehow earn the favour of God, but because life was being formed even in its ordinary moments. 

Tomorrow's faithfulness was being rehearsed in today's small choices. 

Mikael smiled as he remembered Brother Theodoros telling him, all those years ago, to begin again. 

Perhaps those words contained more grace than he had understood. 

When a line was crooked, the page was not necessarily ruined. 

When a note was missed, the song did not have to end. 

When a habit had carried someone in the wrong direction, the existence of an old pathway did not forbid the 

beginning of a new one. 



God had made human beings with an extraordinary capacity to learn and change, to practise what is good, 

and to begin again when they had gone astray. 

Mikael bent over the manuscript once more, and beneath the warm glow of the lamp his pen moved steadily 

across the page. 

This time, the hand remembered. 

And the heart did too. 

 

C) Narration 

Close the lesson before completing your narration. 

Retell “The Manuscript and the Music” in your own words. Your goal is not to reproduce every technical 

term but to show that you understand how the scientific ideas emerged through Mikael's experiences. 

You may narrate orally to your parent, Home-Tutor or teacher, record an audio narration, or write 

approximately two to four paragraphs. 

Try to include: 

• why handwriting was initially so difficult for Mikael  

• what Brother Theodoros meant when he said Mikael's hand was beginning to “remember”  

• what neurons and synapses are  

• what neuroplasticity means  

• how repeated practice can make a skill more efficient  

• why practising something incorrectly can also strengthen an unwanted pattern  

• how Mikael's honey-cake routine illustrates cues and habits  

• why changing an environment can help change behaviour  

• what Mikael eventually realised about practice, character and worship.  

 

 

 

D) Thinking Questions 

Years 7–8 

1. What changes did Mikael notice after practising handwriting for several weeks?  

2. What is a neuron, and what happens at a synapse?  

3. Explain neuroplasticity in your own words.  

4. Why can a familiar skill eventually require less conscious attention than when you first learn it?  

5. Why is repeated practice not always beneficial?  

6. What acted as a cue in Mikael's honey-cake habit?  

7. Give one example of how changing an environment could make a helpful behaviour easier.  

8. What do you think Brother Theodoros meant by, “What the hand repeats, the heart should 

remember”?  



Years 9–10 

1. Explain how communication between neurons involves both electrical activity and chemical 

signalling.  

2. Why is it inaccurate to describe learning simply as “making one pathway stronger”?  

3. How does neuroplasticity help explain improvement in a frequently practised skill?  

4. Why might a well-established habit feel easier to perform than a newly chosen alternative?  

5. Analyse the role of cue, context and reinforcement in Mikael's honey-cake routine.  

6. Explain why habit formation is not simply a question of “willpower”.  

7. How might digital technologies deliberately create environmental cues that encourage repeated 

behaviour?  

8. Why is the statement “Neuroplasticity means you can become anything you want” scientifically 

misleading?  

9. Compare the scientific question “How does a habit become established?” with the ethical question 

“Which habits should I cultivate?”  

10. Explain how the idea of repeated practice connects with the character focus of Honour & Piety.  

 

E) Science Investigation – Can Practice Improve 

Performance? 

You are going to investigate whether repeated practice affects performance on a simple motor task. 

Investigation Question 

Does repeated practice improve speed and/or accuracy when performing an unfamiliar hand-control 

task? 

Choose One Task 

Use one of these options: 

Option A – Non-Dominant Hand Maze 

Draw or print a simple maze and complete it using your non-dominant hand. 

Option B – Star Tracing 

Draw a five-pointed star approximately 10–15 cm across. Trace its outline using your non-dominant hand 

while trying to remain as close to the line as possible. 

Option C – Target Dots 

Draw ten numbered dots across a page. Using your non-dominant hand, touch them in numerical order as 

quickly and accurately as possible. 

Choose one task and use the same task throughout the investigation. 

You Will Need 

• paper  



• pencil  

• stopwatch or timer  

• ruler if needed  

• Science Journal.  

 

Before You Begin 

Write a hypothesis. 

I predict that repeated trials will __________________________________ because 

__________________________________. 

Years 9–10 should identify: 

Independent variable: number of practice trials 

Dependent variable: completion time and/or number of errors 

Controlled variables: same task, same hand, same equipment, same starting position and similar testing 

conditions 

 

Method 

1. Complete the chosen task once without practising beforehand.  

2. Record your completion time.  

3. Record the number of errors if the task allows this.  

4. Rest briefly.  

5. Repeat the task.  

6. Complete at least eight trials.  

7. Try to perform each trial carefully rather than intentionally sacrificing accuracy for speed.  

8. Record all results.  

Trial 
Completion 

Time 
Number of Errors 

1   

2   

3   

4   

5   

6   

7   

8   

 

 

 

 



F) Analyse Your Results 

Create a graph showing how completion time changed across the trials. 

If you recorded errors, you may also create a second graph or add a separate table comparing accuracy. 

Then answer: 

1. Did your performance improve with practice?  

2. Was improvement steady, or did it vary between trials?  

3. Which trial was your fastest?  

4. Were there any anomalous results?  

5. If one trial was slower than expected, what might explain it?  

6. Did increased speed affect your accuracy?  

7. Do eight trials provide enough evidence to conclude that practice always improves every skill?  

8. How might fatigue influence your results?  

9. How could the investigation be improved?  

10. What further experiment could distinguish the effect of practice from simple familiarity with the 

task?  

Years 9–10 Extension 

Calculate the percentage change in completion time from Trial 1 to your best trial. 

Then write a scientific conclusion beginning: 

“Across the repeated trials, the data indicate that…” 

Avoid claiming that your investigation has directly measured changes in individual synapses or neural 

pathways. You have measured performance. Neural change is a scientifically supported explanation for 

learning, but your simple classroom investigation cannot directly observe it. 

That distinction between observation and inference is important scientific thinking. 

 

G) Design & Technology Challenge – Design a 

Habit, Not Just a Goal 

Many people make goals that sound admirable: 

“I will read more.” 

“I will exercise.” 

“I will practise my instrument.” 

“I will spend less time distracted.” 

Goals tell you where you hope to go. 

Design asks how you will make the journey possible. 



Your task is to design a routine that supports one helpful habit. 

Choose something realistic and worthwhile, such as: 

• regular reading  

• practising music  

• completing schoolwork without unnecessary interruption  

• preparing equipment before sport or exercise  

• daily prayer or Bible reading  

• keeping your workspace organised  

• practising a useful skill.  

Do not choose a sensitive personal health issue for this activity. 

Step 1 – Define the Behaviour 

Make it specific. 

Instead of: 

“Study more.” 

write something such as: 

“Begin my mathematics work at my desk immediately after morning break.” 

Step 2 – Identify the Cue 

What will remind you to begin? 

Examples might include: 

• a particular time  

• completing another activity  

• seeing a prepared book  

• an alarm  

• entering a particular space.  

Step 3 – Reduce Friction 

Ask: 

What could make this behaviour unnecessarily difficult? 

Then redesign the environment. 

For example, you might: 

• prepare materials beforehand  

• remove a distracting device  

• leave a book open at the correct page  

• place required equipment somewhere visible.  



Step 4 – Consider Competing Cues 

Identify something in the environment that might trigger an alternative behaviour. 

Explain how you could manage it. 

Step 5 – Build in Appropriate Reinforcement 

How will you know you completed the behaviour? 

This might involve: 

• ticking a simple record  

• enjoying the satisfaction of a completed section  

• sharing progress with someone  

• linking the routine to a natural positive outcome.  

Avoid designing rewards that become more important than the habit itself. 

Step 6 – Draw Your System 

Create a diagram showing: 

Cue → Intended Routine → Helpful Outcome 

Then add: 

Competing Cue → Design Response 

Reflection 

Explain why your design is likely to work better than simply telling yourself: 

“I need more self-control.” 

 

H) Optional Research Extension – The Myth of 

“21 Days” 

You may have heard claims such as: 

“It takes exactly 21 days to form a habit.” 

For an optional research task, investigate whether scientific research supports one fixed number of days for 

all habits and all people. 

Consider: 

• complexity of the behaviour  

• frequency of repetition  



• differences between people  

• environmental consistency  

• motivation  

• interruptions.  

Write a short response explaining why catchy numerical rules can spread even when the science is more 

complex. 

 

I) God’s Big Story Reflection – Created to Learn, 

Called to Grow 

Read 1 Timothy 4:7–8, paying particular attention to Paul's instruction to “train yourself to be godly.” 

Training is an interesting word to find in a passage about spiritual life because training assumes that growth 

ordinarily involves more than a single moment of inspiration. A musician does not become skilful by 

admiring music, nor does an athlete become strong by thinking occasionally about exercise. Training 

involves repeated practice, correction, perseverance and the humility to begin again after failure. 

The same pattern appears throughout ordinary life. 

Someone who practises careful listening is becoming better prepared to hear another person's need. A 

student who repeatedly chooses truthfulness in small matters is preparing to remain truthful when honesty 

becomes costly. A person who regularly expresses gratitude may gradually become more attentive to gifts 

that once passed unnoticed, while someone who continually rehearses resentment may find that bitterness 

comes more readily with time. 

Brain science gives us a fascinating window into part of this process. The nervous system is not a rigid 

mechanism that remains unchanged from childhood to old age. God has created the human brain with an 

extraordinary capacity to respond to experience, to strengthen skills through practice, to learn new patterns 

and, within the possibilities and limitations of each person's life, to change. 

Yet the biblical story tells us why this capacity matters. 

 

Creation – Made with the Capacity to Learn 

Human beings were created as embodied persons, wonderfully integrated creatures whose minds, senses, 

bodies and relationships belong together. Our capacity to learn is part of that created goodness. 

Consider how remarkable this is. A newborn child enters the world unable to speak a language, read a 

sentence, play an instrument or perform the countless skilled movements that adults scarcely notice. Yet, 

through experience and relationship, the child learns. 

The developing brain responds. 

Language becomes meaningful. Movements become coordinated. Faces become familiar. Memories 

accumulate. Skills emerge. 



The capacity for learning allows human beings to receive knowledge from one generation and carry it into 

another. It enables us to create music, cultivate land, develop technologies, study creation, preserve history, 

acquire wisdom and teach those who come after us. 

Neuroplasticity, viewed within the Christian understanding of Creation, is therefore more than an interesting 

biological property. It is one small glimpse of the extraordinary generosity built into human design. 

Fall – When Good Capacities Are Directed Poorly 

The capacity to learn is good, but fallen human beings do not always learn what is good. 

We can practise selfishness as readily as generosity. We can train our attention towards what is shallow, 

destructive or unworthy. Technologies designed through human intelligence can encourage wisdom and 

connection, but they can also cultivate distraction, dependence or unhealthy patterns of behaviour. 

Even habits that began innocently can gradually begin governing more of our lives than we intended. 

The problem is not that the brain can learn. 

The problem is that human desires do not always lead us towards what is true and good. 

This is why merely understanding habit formation cannot tell us how we ought to live. Science can 

investigate the mechanisms through which repeated behaviours become familiar, but a description of the 

mechanism does not provide a moral compass. 

Knowing how we form habits does not tell us which habits deserve to be formed. 

Redemption – Grace That Makes a New Direction Possible 

Christianity is not a programme of self-improvement in which sufficiently disciplined people gradually train 

themselves into righteousness. 

The centre of the Christian story is not our ability to repair ourselves. 

It is Christ – and the Holy Spirit’s transforming work in us. 

God's grace comes before our training, surrounds it and gives it purpose. We do not practise faithfulness in 

order to persuade God to love us; rather, because God has loved and redeemed us, we are invited to grow 

into lives increasingly shaped by that grace. 

This gives a richer meaning to Paul's instruction to “train yourself to be godly.” 

Christian formation involves participation. We pray, practise self-control, learn truth, serve others, confess 

wrongdoing, forgive, worship and return again to God's Word. Through these repeated acts, we are not 

earning redemption; we are learning to live faithfully within it. 

There is something wonderfully hopeful about placing this biblical truth beside what we have learned about 

the brain. 

An established pattern need not have the final word. 

The familiar path may be strong, but another path can be begun. 

Failure need not become identity. 



A person can repent, which literally carries the idea of turning, and begin walking in another direction. 

Restoration – Practising the Life We Were Made For 

One day God's work of restoration will be complete. Until then, Christians are called to live as people whose 

lives already point towards that coming restoration. 

We practise peace in a world where conflict is easier. 

We practise truth where deception can be profitable. 

We practise generosity where selfishness is tempting. 

We practise attentiveness in a culture filled with distraction. 

We practise reverence in a world that often treats what is sacred as ordinary. 

We practise faithfulness not because practice makes us perfect, but because repeated faithfulness helps order 

our lives towards the One who is perfect. 

Perhaps Brother Theodoros's words can therefore carry one final meaning: 

“What the hand repeats, the heart should remember.” 

The things we repeatedly do are not insignificant merely because they are ordinary. They can become part of 

the way we learn to inhabit God's world. 

So, consider the habits you are forming, but do not examine them with fear. Examine them with wisdom and 

hope. 

You have been created with a brain capable of learning and a life capable of growth. God's grace means that 

when you discover a pathway leading somewhere it should not go, you are not required simply to continue 

walking because you have walked there before. 

You can turn. 

You can choose another direction and begin practising what is good. 

Then, when tomorrow comes, you can walk that way again. 

 

Reflection Question 

In your Science Journal, respond thoughtfully to the following: 

How does understanding the brain's capacity to learn and change deepen your appreciation of the 

biblical ideas of training, repentance and growth in character? 

As you answer, distinguish carefully between the two ideas. Neuroplasticity helps us understand something 

about the biological processes involved in learning and repeated behaviour, while Scripture addresses the 

deeper questions of what human beings were created for, why our choices can become disordered, and how 

God's grace calls us towards redemption and restoration. 

 



J) Portfolio Evidence 

Keep the following work from this lesson in your Science, Technology & Health Portfolio: 

1. Narration of “The Manuscript and the Music”  

2. Responses to the Thinking Questions  

3. Practice investigation data table  

4. Graph of performance across trials  

5. Scientific conclusion and evaluation  

6. Habit-design diagram  

7. God’s Big Story Reflection  

These artefacts provide evidence of your ability to connect biological understanding with scientific inquiry, 

analyse patterns in data, apply knowledge to designed routines and reflect upon the responsible use of 

knowledge. 

 

K) Australian Curriculum v9 Mapping 

Code Full Content Description Justification 

AC9S9U01 

compare the role of body systems in regulating and 

coordinating the body’s response to a stimulus, and describe the 

operation of a negative feedback mechanism 

Students extend their understanding of nervous-system coordination by 

examining how neural communication, repeated responses, learned motor 
behaviour and changing patterns of activation contribute to increasingly 

efficient responses. 

AC9S9I01 
develop investigable questions, reasoned predictions and 

hypotheses to test relationships and develop explanatory models 
Students predict how repeated practice may influence measurable task 
performance and identify variables within the investigation. 

AC9S9I03 

select and use equipment to generate and record data with 

precision to obtain useful sample sizes and replicable data, 

using digital tools as appropriate 

Students use a timed repeated-trial procedure and systematically record 

performance data across multiple trials. 

AC9S9I04 

select and construct appropriate representations, including 

tables, graphs, descriptive statistics, models and mathematical 

relationships, to organise and process data and information 

Students organise repeated measurements in tables and graph changes in 

performance across trials. 

AC9S9I05 

analyse and connect a variety of data and information to 

identify and explain patterns, trends, relationships and 

anomalies 

Students analyse whether performance changed with practice, identify irregular 

results and consider the relationship between speed, accuracy and repeated 
trials. 

AC9S9I06 
assess the validity and reproducibility of methods and evaluate 

the validity of conclusions and claims, including by identifying 

assumptions, conflicting evidence and areas of uncertainty 

Students distinguish directly measured changes in performance from inferred 
neurological explanations and evaluate limitations including fatigue, 

familiarity and small sample size. 

AC9S10I01 
develop investigable questions, reasoned predictions and 

hypotheses to test relationships and develop explanatory models 
Year 10 students use repeated trials to examine the relationship between 
practice and task performance. 

AC9S10I03 

select and use equipment to generate and record data with 

precision to obtain useful sample sizes and replicable data, 

using digital tools as appropriate 
Students collect repeated timed measurements using a consistent method. 

AC9S10I04 

select and construct appropriate representations, including 

tables, graphs, descriptive statistics, models and mathematical 

relationships, to organise and process data and information 

Students graph changes across trials and may calculate percentage 

improvement between initial and best performance. 

AC9S10I05 

analyse and connect a variety of data and information to 

identify and explain patterns, trends, relationships and 

anomalies 

Students identify learning trends, plateaus, variations and anomalous results 

within their performance data. 

AC9S10I06 

assess the validity and reproducibility of methods and evaluate 

the validity of conclusions and claims, including by identifying 

assumptions, conflicting evidence and areas of uncertainty 

Students evaluate whether their investigation supports claims about 

performance while recognising that the activity does not directly measure 
neuroplastic changes within the brain. 

 

  



Lesson 15 – The Body in Balance: Brain, 

Hormones & Homeostasis 

Theme: Coordination, Balance and the Wisdom of Feedback 

Character Focus: Honour & Reverence – recognising the extraordinary coordination through which the 

human body responds to change, maintains life within safe limits, and reveals the wisdom of interconnected 

design. 

Learning Objectives 

By the end of this lesson, you should be able to: 

• explain how the nervous and endocrine systems coordinate responses to changes within and around 

the body  

• distinguish between the rapid signalling of the nervous system and the generally slower, longer-

lasting signalling of the endocrine system  

• explain the meaning of homeostasis  

• describe how a negative feedback mechanism helps maintain a condition within a suitable range  

• use body-temperature regulation as a model of stimulus, receptor, coordinating centre, effector and 

response  

• construct and interpret a feedback-loop model  

• appreciate the remarkable interdependence of body systems and consider why caring for the body is 

an expression of stewardship and reverence.  

 

A) Introduction – The Temperature of Life 

Place your hand against your forehead for a moment. 

You probably cannot tell your precise internal temperature this way, but beneath your hand lies a body 

performing an extraordinary balancing act. 

Human life depends upon conditions remaining within workable ranges. Temperature must be regulated. 

Water and dissolved substances must be balanced. Blood glucose must not wander without control. Oxygen 

and carbon dioxide concentrations must be continually managed, while blood pressure, acidity and many 

other conditions require ongoing regulation. 

Yet you do not wake every few minutes during the night to make conscious adjustments. 

You do not lie asleep thinking, My internal temperature is beginning to rise; I had better increase blood 

flow near my skin. 

Your body coordinates such responses without requiring your conscious supervision. 

In Lesson 13, you explored how the nervous system detects stimuli and coordinates responses. In Lesson 14, 

you discovered that the brain can learn and change through experience and repeated practice. The Primary 

Brain Science sequence likewise moves from attention into the ways brain pathways, practice and choice 

shape behaviour.  

We will now complete this Brain Science topic by looking beyond conscious attention and learned habits 

towards one of biology's most elegant ideas: feedback. 



Key Terminology 

Homeostasis – the regulation of internal conditions so that they remain within ranges suitable for normal 

body function 

Endocrine system – the system of glands and hormone-producing tissues that release chemical messengers 

involved in coordinating body processes 

Hormone – a chemical messenger carried through the body, usually in the bloodstream, that influences 

particular target cells or organs 

Hypothalamus – a small but important region of the brain involved in coordinating many aspects of 

homeostasis and linking nervous and endocrine functions 

Effector – a muscle, gland or other structure that carries out a response 

Negative feedback – a regulatory process in which a change produces responses that oppose or reduce that 

change 

Receptor – a specialised cell or structure capable of detecting a particular stimulus or change 

Set range – the suitable range around which a regulated condition is maintained; biological regulation is not 

usually a matter of holding one perfectly fixed value 

 

B) Informational Story 

The Emperor’s Messenger 

The summer heat had settled heavily over Constantinople. 

By midday, the pale stone streets seemed to return the sun's fire to everyone who crossed them. Merchants 

sought shade beneath awnings, dogs slept beneath carts, and sailors unloading cargo at the harbour worked 

with their tunics clinging damply to their backs. Even the Bosporus, usually alive with sparkling movement, 

seemed almost painfully bright beneath the cloudless sky. 

Mikael had spent most of the morning inside the monastery scriptorium, where the thick walls kept the worst 

of the heat outside. He was no longer the uncertain apprentice whose crooked letters had once amused 

Brother Theodoros. His handwriting had become steady, and years of singing had taught him to listen 

closely to the smallest variations in sound. 

Nevertheless, no amount of practice could make the afternoon cool. 

When the monastery steward sent him across the city with a manuscript for a church official, Mikael stepped 

through the gate and immediately felt the heat gather around him. 

At first, the walk was pleasant enough. He passed beneath shaded colonnades whenever he could and 

stopped briefly beside a public fountain, where water spilled continuously into a stone basin. As the road 

began climbing, however, his body started to change. 

His skin grew warm. 



Soon, beads of moisture appeared across his forehead. 

By the time he reached the top of the hill, his face was flushed and his clothing was damp. 

Mikael wiped his forehead with his sleeve. 

“I appear to be melting.” 

“You are not.” 

The voice came from behind him. 

Mikael turned and recognised Stephanos, the elderly physician whom he had known since boyhood. The 

years had silvered what remained of the man's hair, but his eyes still possessed the same alert curiosity. 

“You sound disappointed,” Mikael said. 

“On the contrary. If you were melting, I would be required to explain it.” 

Stephanos fell into step beside him. 

“You are sweating.” 

“I had noticed.” 

“Why?” 

“Because I am hot.” 

“That describes the occasion, not the reason.” 

Mikael smiled. Stephanos had always enjoyed questions whose obvious answers turned out not to be 

answers at all. 

“Then why am I sweating?” 

The physician looked at the blazing sky. 

“Because a living body does not merely endure its surroundings. It responds to them.” 

Mikael thought back to conversations from years earlier, when the sudden tolling of a bell had first made 

him wonder how the body detected and responded to the world. 

“The body notices change,” he said. 

Stephanos nodded. “Exactly.” 

Neither man could have known how profoundly true that observation was. 

Modern physiology reveals that the human body is continually monitoring conditions both outside and 

within itself. Temperature-sensitive receptors provide information about thermal conditions, while regions 

of the brain receive and integrate signals relevant to internal temperature. Among the most important of 

these regions is the hypothalamus, a comparatively small area of the brain with an enormous responsibility 

for maintaining the internal environment. 



The hypothalamus does not work alone. No living system of such complexity could be understood properly 

by imagining a single command centre controlling everything beneath it. Rather, temperature regulation 

emerges from communication among receptors, nervous pathways, the brain, blood vessels, sweat glands, 

muscles and other tissues. 

Mikael knew only the visible signs. 

He could feel heat. 

He could see sweat. 

What he could not see was the astonishing coordination beneath them. 

As his body became too warm, mechanisms were activated that helped increase heat loss. Blood vessels near 

the skin could widen, allowing more warm blood to flow closer to the body's surface, where heat could be 

transferred to the surroundings. Sweat glands released fluid onto the skin, and as that water evaporated it 

carried thermal energy away. 

Sweating, then, was not evidence that his body had lost control. 

It was evidence that regulation was taking place. 

The distinction is important. 

A regulated biological system does not remain perfectly unchanged. Rather, it responds to change in ways 

that help keep important conditions within workable limits. 

This dynamic stability is called homeostasis. 

Mikael and Stephanos eventually reached a shaded courtyard, where the physician sat beside a fountain. 

“Watch the water,” he said. 

Mikael looked at him suspiciously. “Is this another lesson?” 

“Everything becomes a lesson if you look at it for long enough.” 

Water entered the fountain basin through a carved stone channel and escaped through an outlet on the 

opposite side. 

“If more water begins entering than leaving,” Stephanos said, “what happens?” 

“The level rises.” 

“And if the outlet allows more water to escape?” 

“The rise slows.” 

“Then the change itself has produced a response that works against the change.” 

Stephanos could not have known the modern term, but he had described the logic of negative feedback. 

In science, “negative” does not mean harmful or undesirable. It means that the response acts in the opposite 

direction to the original disturbance. 



If body temperature rises too far, responses are activated that promote cooling. As temperature returns 

towards its normal range, the strength of those responses can diminish. 

If body temperature falls, a different pattern emerges. Blood flow near the skin can be reduced, helping 

conserve heat. Skeletal muscles may begin rapid involuntary contractions that we recognise as shivering, 

and these contractions increase heat production. 

In each case, the response opposes the direction of the disturbance. 

Too warm, and mechanisms promote cooling. 

Too cold, and mechanisms promote warming. 

The body is not aiming at motionlessness. It is maintaining stability through continual adjustment. 

That principle is one of the most beautiful ideas in physiology. 

 

Messages That Travel in Different Ways 

As they rested in the courtyard, a mounted imperial messenger thundered past the entrance. 

The horse's hooves struck the paving stones in rapid succession, and people stepped quickly aside. 

Stephanos watched him disappear around the corner. 

“Some messages must travel quickly,” he observed. 

A few moments later, a monastery servant entered carrying a sealed document. 

“And some can travel more slowly.” 

Mikael laughed. “You really do turn everything into a lesson.” 

Modern physiology provides an interesting parallel. 

The body possesses more than one major communication system. 

The nervous system can carry information with extraordinary speed. Electrical impulses travel along 

neurons, while neurotransmitters allow communication across synapses. This makes nervous signalling 

particularly well suited to rapid and precisely directed responses, such as moving a hand, adjusting posture, 

changing the activity of a muscle or reacting suddenly to danger. 

The endocrine system communicates differently. 

Endocrine glands and other hormone-producing tissues release chemical messengers called hormones. 

These enter the bloodstream and travel throughout the body, but only cells possessing appropriate receptors 

respond to a particular hormone. 

The bloodstream, therefore, is not merely transporting oxygen, nutrients and wastes. It can also carry 

chemical information. 



Hormonal responses are generally slower to begin than the rapid electrical signalling of nerves, but their 

effects can last much longer. Hormones contribute to growth, metabolism, reproduction, responses to stress, 

water balance, blood glucose regulation and many other processes. 

The nervous and endocrine systems should not be imagined as rival systems working independently. They 

interact. 

Indeed, the hypothalamus itself helps form an important bridge between them. It receives nervous 

information while also influencing hormonal processes through its relationship with the pituitary gland and 

other systems. 

A human body is not a collection of isolated organs, each pursuing its own business. 

It is an integrated whole. 

 

The Bakery and the Blood 

The following morning Mikael visited Stephanos again. 

The physician was eating bread. 

“You seem to conduct many of your lessons around food,” Mikael observed. 

“Then perhaps you are finally learning how physicians think.” 

Stephanos broke the loaf and handed him a piece. 

“What happens to this?” 

“I eat it.” 

“And then?” 

“It is digested.” 

“And then?” 

Mikael hesitated. “The body uses it.” 

That was true, although the modern explanation reveals another remarkable regulatory system. 

Carbohydrates in food can be broken down into simpler sugars, including glucose, which is absorbed into 

the bloodstream. Glucose is an important fuel for cells, and the brain depends heavily upon a reliable supply. 

Yet once again, the body faces a problem of balance. 

Blood glucose cannot simply rise indefinitely after a meal and remain there. Nor can it be allowed to fall 

without limit between meals. 

The pancreas plays a major role in regulating this system. 



When blood glucose rises after eating, specialised cells in the pancreas respond by increasing the release of 

the hormone insulin. Insulin helps many body cells take up glucose and encourages storage of excess 

glucose, contributing to a reduction in blood glucose towards its usual range. 

When blood glucose becomes lower, another pancreatic hormone, glucagon, helps promote processes that 

increase glucose availability in the bloodstream. 

Here again is negative feedback. 

A change occurs. 

The body detects it. 

Responses are coordinated. 

Those responses oppose the original movement and help restore the regulated condition towards its normal 

range. 

The process is far more complex than a simple diagram can show, but the underlying principle is 

wonderfully clear. 

Life requires not only change, but regulated change. 

 

The Wisdom of the Governor 

Mikael found himself thinking about this later as he crossed the city. 

Constantinople itself depended upon regulation. 

Water entered through aqueducts and was stored in cisterns. Grain arrived from distant regions and had to be 

distributed. Gates opened and closed. Markets required supervision. Fires had to be controlled. Waste had to 

be removed. Soldiers watched the walls, while officials responded to shortages, disputes and threats. 

A city in which nothing ever changed would be dead. 

Yet a city in which every part changed without coordination would descend into chaos. 

Living bodies face something similar, though at a level of complexity that no human city could equal. 

Your heart does not beat at exactly the same rate every minute of the day. 

Your breathing changes when you exercise. 

Your pupils respond to light. 

Your kidneys continually adjust the composition and volume of body fluids. 

Your blood vessels alter their diameter. 

Your endocrine glands release different amounts of hormones under different conditions. 

Your nervous system continually receives information and coordinates responses. 



Stability does not mean sameness. 

It means that change occurs within an organised system capable of responding to disturbance. 

The more Mikael considered it, the stranger ordinary life seemed. 

He had always assumed that being alive should feel effortless because, most of the time, it did. 

Now he began to realise that effortlessness was itself evidence of extraordinary coordination. 

 

When Regulation Is Overwhelmed 

A few weeks later, Constantinople experienced several days of oppressive heat. 

One afternoon a young labourer was brought into the monastery courtyard looking confused and unsteady. 

His skin was extremely hot, and he was clearly unwell. 

Stephanos immediately became serious. 

“Shade. Water. Quickly.” 

The man's companions had kept him working beneath the sun for hours despite increasing weakness. 

Mikael helped as Stephanos attended to him. 

The event taught him another important lesson: homeostasis has limits. 

Negative feedback systems are powerful, but they are not invincible. 

If environmental conditions become too extreme, if illness interferes with regulation, or if the body lacks the 

resources required to respond effectively, internal conditions can move beyond safe ranges. 

Sweating can cool the body only if enough water is available and evaporation can occur effectively. Heat 

loss can be overwhelmed by extreme conditions. Likewise, blood glucose regulation, water balance and 

other homeostatic systems can be disrupted by disease or injury. 

The existence of a regulatory mechanism therefore does not mean that nothing can ever go wrong. 

It means that life possesses mechanisms that continually resist disorder within particular limits. 

This distinction matters scientifically, because biological systems are not perfect mechanical thermostats. 

They are dynamic, interacting, living systems. 

 

A Lesson from the Lamp 

That evening, Mikael returned to the scriptorium and lit an oil lamp. 

The flame burned brightly at first, then began to flicker when he opened a nearby window. He closed the 

shutter slightly, and the flame steadied. 



He watched it for a moment. 

The lamp needed conditions suitable for burning: fuel, oxygen and a temperature high enough to sustain 

combustion. Alter those conditions sufficiently and the flame would change or disappear. 

Living things were incomparably more complex, yet they too existed within boundaries. 

The thought filled him with an unexpected sense of wonder. 

For years he had marvelled at the great dome above the church, at the way architects distributed enormous 

forces through arches and supporting structures. He had admired mosaics whose thousands of pieces formed 

a unified image, and manuscripts in which individual letters gathered into words of meaning and beauty. 

Yet he had carried something far more intricate within himself every day. 

His body was a community of systems within systems, communicating, adjusting and responding. 

The nervous system carried rapid messages. 

The endocrine system sent chemical messengers through the blood. 

The circulatory system transported substances. 

The skin participated in temperature regulation. 

Muscles could generate heat. 

The brain received information from across the body and helped coordinate responses. 

None of these systems made much sense in isolation. 

Their wonder lay partly in their relationship. 

 

The Unnoticed Gift 

Years earlier, Brother Theodoros had taught Mikael that practice could make a movement so familiar that he 

scarcely noticed himself performing it. 

Now Mikael began to see another kind of unnoticed gift. 

Every ordinary day depended upon processes he rarely considered. 

He could walk through a cold morning because his body responded to falling temperature. 

He could climb a hill beneath the summer sun because regulatory systems worked to release heat. 

He could eat bread and continue his work while complex mechanisms helped manage the nutrients entering 

his bloodstream. 

He could sleep for hours while his body continued regulating itself without waiting for conscious 

instructions. 



Perhaps, he thought, familiarity makes us strangely blind. 

The things that happen every day are easily mistaken for simple things. 

A sunrise becomes ordinary because there is one every morning. 

Breathing becomes ordinary because we do it continually. 

A heartbeat becomes ordinary because we seldom hear it. 

The brain becomes ordinary because we think with it. 

Homeostasis becomes invisible because, when it works well, we mostly notice nothing at all. 

Mikael looked down at his hands. 

He remembered how amazed he had once been that practice could change what those hands were capable of 

doing. Now he found himself amazed that their temperature, blood supply, movement and sensation were 

being regulated even while he sat quietly thinking about them. 

The Psalmist had written that human beings were “fearfully and wonderfully made.” 

For Mikael, those words were beginning to acquire layers he had never imagined. 

Wonder did not require ignorance. 

Understanding did not make the body less mysterious. 

On the contrary, every explanation seemed to open another door. 

Behind sweating lay temperature regulation. 

Behind regulation lay receptors and signals. 

Behind signals lay neurons, glands and hormones. 

Behind each organ lay cells, and within those cells lay structures and processes whose intricacy stretched 

beyond anything Mikael's age could have investigated. 

Modern science has carried us much further than Byzantine physicians could travel, but we have not reached 

a place where wonder is no longer necessary. 

We have simply discovered more to wonder about. 

Mikael extinguished the lamp and stepped outside. 

The heat of the day had finally broken. A cool wind was moving across the city, carrying the smell of the 

sea. 

Almost immediately, receptors in his skin detected the change. 

His nervous system received the information. 

His body began adjusting. 



Mikael knew none of the details. 

He simply drew his cloak more closely around his shoulders and walked home beneath the evening sky, 

carried along by a body whose countless systems were quietly working together to keep him alive. 

 

C) Narration 

Close the lesson before beginning your narration. 

Retell “The Emperor’s Messenger” in your own words, allowing the scientific ideas to emerge naturally 

from the events of the story. 

You may narrate orally to your parent, Home-Tutor or teacher, make an audio recording, or write 

approximately three to five paragraphs. 

Your narration should show that you understand: 

• what happened to Mikael's body as he walked through the heat  

• what homeostasis means  

• how sweating and changes in skin blood flow contribute to temperature regulation  

• what scientists mean by negative feedback  

• how the nervous and endocrine systems communicate differently  

• how insulin and glucagon contribute to blood glucose regulation  

• why homeostasis does not mean that the body's conditions never change  

• why Mikael came to see ordinary bodily regulation as something worthy of wonder.  

 

D) Thinking Questions 

Years 7–8 

1. Why did Mikael begin sweating as he walked through Constantinople?  

2. Explain homeostasis in your own words.  

3. Why is the word “negative” in negative feedback not describing something harmful?  

4. What happens when body temperature rises too far?  

5. How can shivering help when body temperature falls?  

6. What is a hormone?  

7. Give one difference between nervous-system signalling and endocrine-system signalling.  

8. Why did Mikael compare the regulation of the body with the organisation of Constantinople?  

9. Explain the statement: “Stability does not mean sameness.”  

10. Why might learning more about the body increase rather than decrease a person's sense of wonder?  

Years 9–10 

1. Construct a verbal explanation of temperature regulation using the terms stimulus, receptor, 

coordinating centre, effector, response and negative feedback.  

2. Compare the ways the nervous and endocrine systems transmit information.  

3. Why are hormonal signals able to travel widely through the body without every cell responding to 

every hormone?  



4. Explain how the hypothalamus illustrates interaction between nervous and endocrine regulation.  

5. Describe how insulin contributes to a negative feedback mechanism after blood glucose rises.  

6. How does glucagon contribute when blood glucose becomes lower?  

7. Why would it be inaccurate to define homeostasis as “keeping everything in the body constant”?  

8. Explain why a negative feedback mechanism can fail to maintain safe conditions during extreme 

environmental circumstances.  

9. What is the difference between saying that the human body is regulated and saying that it is 

unchanging?  

10. Evaluate Mikael's conclusion that deeper scientific understanding can increase wonder rather than 

remove it.  

 

E) Science Activity – Modelling Negative Feedback 

You will create a working model that demonstrates the logic of negative feedback. The model does not 

reproduce all the complexity of a living body; rather, it helps you visualise how information about a 

changing condition can lead to a response that opposes that change. 

You Will Need 

• a clear container or measuring jug  

• water  

• a cup or small jug  

• a measuring cup  

• marker or removable tape  

• Science Journal  

• another person if available.  

Set Up Your Model 

Place a strip of removable tape on the side of the container and mark a line representing the desired water 

level. 

In this model: 

• the water level represents a regulated condition  

• the marked line represents the desired range  

• observing the water level represents detection  

• adding or removing water represents an effector response  

• returning towards the marked level represents the effect of negative feedback.  

Procedure 

1. Fill the container to the marked level.  

2. Add a measured amount of water so that the level rises above the mark.  

3. Observe the change and remove water gradually until the level returns close to the desired mark.  

4. Begin again at the marked level, but this time remove a measured quantity of water.  

5. Add water gradually until the level returns close to the mark.  

6. Repeat each disturbance several times using different amounts.  

7. Record the disturbance and the corrective response in a table.  



Trial Disturbance Direction of Change Corrective Response Final Result 

1    
  

2    
  

3    
  

4    
  

Important Scientific Limitation 

Your hands are deliberately observing and correcting the water level, whereas biological feedback 

mechanisms involve receptors, signalling pathways, coordinating systems and effectors operating within a 

living organism. 

The model therefore represents the pattern of regulation, not the biological mechanism itself. 

 

F) Analyse the Model 

Answer the following questions: 

1. When the water level rose, what response opposed the change?  

2. When the water level fell, what response opposed the change?  

3. In what way does this represent negative feedback?  

4. What part of your model represented detection?  

5. What part represented the effector?  

6. Why is the model useful?  

7. In what ways is it unlike a living homeostatic system?  

8. How could you alter the model so that the level was maintained within a range rather than at one 

exact line?  

Years 9–10 Extension 

Compare your water model with human temperature regulation by completing this table: 

Model Component Human Temperature Regulation 

Water level changes   

Observing the level   

Deciding whether correction is needed   

Adding/removing water   

Returning towards desired range   

Then explain why all models simplify reality and why this does not necessarily make them scientifically 

useless. 

 

G) Create a Homeostasis Systems Model 

Choose one of the following: 



Body Temperature Regulation 

or 

Blood Glucose Regulation 

Create a labelled flow diagram showing the negative feedback process. 

For temperature regulation, your model might begin with: 

Body temperature rises → temperature change detected → coordinating responses → effectors 

activated → increased heat loss → temperature moves back towards normal range 

Then create the corresponding pathway for falling temperature. 

For blood glucose regulation, show what occurs after: 

• blood glucose rises  

• blood glucose falls.  

Your diagram should make the feedback obvious. Do not simply draw a straight sequence that ends with the 

response; show how the response affects the original condition. 

Years 9–10 

Add annotations identifying where the nervous system, endocrine system, or both are involved. 

 

H) Design & Technology Challenge – A System 

That Responds 

Engineers frequently design technologies that use feedback. 

A thermostat, for example, detects temperature and controls heating or cooling in response. Automatic 

irrigation systems can respond to soil moisture. Some lighting systems respond to changes in ambient light, 

while machines may use sensors to monitor speed, pressure, position or temperature. 

Your task is to design a simple technological system that maintains a condition within a useful range. 

Choose one of these examples or devise your own: 

• greenhouse temperature  

• aquarium temperature  

• soil moisture  

• water-tank level  

• incubator temperature  

• room lighting.  

Create a labelled design containing: 

Desired condition → Sensor → Controller → Effector → Change produced → New sensor reading 



Explain how your design uses feedback. 

Then identify what could happen if: 

1. the sensor failed  

2. the effector failed  

3. the desired range were set incorrectly.  

Years 9–10 Extension 

Explain how your technological feedback system is similar to and different from biological homeostasis. 

 

I) God’s Big Story Reflection – The Wisdom of an 

Ordered Body 

Read Psalm 139:13–14. 

“I praise you because I am fearfully and wonderfully made.” 

It is easy to read those words while thinking mainly about the visible human form: hands that can create, 

eyes that can see, faces that reveal emotion, or the remarkable development of a child before birth. 

Yet much of what is wonderful about the human body is hidden from sight. 

While Mikael crossed Constantinople beneath the summer sun, he did not consciously instruct his sweat 

glands to become more active. He did not calculate the amount of blood that should flow near his skin, nor 

did he command the hypothalamus to process information about temperature. When he ate bread, he did not 

personally supervise the release of insulin or direct cells to respond to chemical signals. 

Life depended upon coordination that continued whether he understood it or not. 

The same is true for you. 

Creation – Unity Within Complexity 

The biblical account of Creation presents the physical world as ordered rather than chaotic, with creatures 

made according to God's wisdom and human beings created as embodied persons. 

The study of homeostasis gives us a remarkable glimpse of that order. 

A human body is not merely a heap of independent parts. The nervous system, endocrine system, circulatory 

system, respiratory system, muscles, skin, kidneys, liver and other organs continually interact. A change in 

one place may produce responses elsewhere, while chemical and electrical signals carry information 

between tissues that never physically touch one another. 

The deeper we investigate this coordination, the more inadequate the word simple becomes. 

Even the ordinary experience of remaining alive while sitting quietly in a chair depends upon countless 

processes operating together. 



For the Christian student, this provides an invitation to wonder. We need not choose between scientific 

explanation and reverence, as though discovering a mechanism somehow makes the thing explained less 

remarkable. Understanding how regulation occurs can deepen our appreciation of the wisdom present in 

living systems. 

Fall – When Balance Is Broken 

Yet our bodies do not always remain in perfect balance. 

Illness occurs. Regulatory mechanisms can fail. Genetic changes, injury, infection, ageing and 

environmental extremes can disrupt normal function. A feedback mechanism may be overwhelmed or an 

organ may no longer respond as it should. 

The Christian worldview does not ask us to pretend that the natural world is untouched by suffering. 

Creation is good, but we experience it as a world affected by the Fall. 

This makes medical science an important expression of human care. When scientists investigate disease, 

when doctors seek to understand disrupted regulation, and when technologies are designed to restore or 

support bodily functions, human knowledge can become a means of compassion. 

Redemption – Knowledge Used to Heal 

Jesus' ministry repeatedly demonstrated concern for suffering bodies as well as souls. Healing mattered 

because people mattered. 

The same principle should influence the way scientific knowledge is used. 

Understanding blood glucose regulation has helped scientists and physicians care for people whose bodies 

cannot regulate glucose normally. Knowledge of temperature regulation helps us recognise and respond to 

hypothermia and dangerous overheating. Understanding hormones, nerves and feedback systems contributes 

to treatments that would have been unimaginable to physicians such as Stephanos. 

Scientific knowledge therefore carries responsibility. 

The more we understand about the body, the greater our opportunity to use that understanding in ways that 

preserve life, relieve suffering and serve others. 

Restoration – From Disorder Towards Wholeness 

The Christian hope of restoration looks beyond a world in which bodies become sick, injured and old. 

Scripture points towards the renewal of creation and the final defeat of death. 

Until that restoration is complete, we live within bodies that are both wonderfully designed and vulnerable. 

That should lead neither to pride nor despair, but to stewardship. 

We care for the body because it is a gift. 

We study it because truth is worth discovering. 

We use scientific knowledge to serve because knowledge divorced from love can easily become merely 

another form of power. 



And we respond with reverence because the more closely we examine the ordinary processes of life, the 

more extraordinary they become. 

Mikael discovered that homeostasis was largely invisible precisely because it worked so faithfully. Perhaps 

many of God's gifts are like that. Their constancy can make us forget their wonder. 

A heartbeat becomes familiar. 

A breath passes unnoticed. 

A wound slowly heals. 

Temperature rises and falls within narrow boundaries. 

A thousand hidden adjustments accompany us through the day. 

Scientific study invites us to notice them again. 

Reflection Question 

In your Science Journal, respond to the following: 

How can understanding the hidden systems that maintain life change the way we think about our 

bodies, scientific knowledge and our responsibility to care for ourselves and others? 

 

J) Portfolio Evidence 

Retain the following work in your Science, Technology & Health Portfolio: 

• narration of “The Emperor’s Messenger”  

• responses to the Thinking Questions  

• negative-feedback model observations  

• analysis of the model and its limitations  

• homeostasis systems diagram  

• technological feedback-system design  

• God’s Big Story Reflection.  

 

K) Australian Curriculum v9 Mapping 

Code Full Content Description Justification 

AC9S9U01 

compare the role of body systems in regulating and coordinating the 

body’s response to a stimulus, and describe the operation of a negative 

feedback mechanism 

This is the central curriculum focus of the lesson. Students compare 

nervous and endocrine coordination and explain negative feedback 
through temperature and blood-glucose regulation. 

AC9S9I01 
develop investigable questions, reasoned predictions and hypotheses to 

test relationships and develop explanatory models 

Students develop and use explanatory models of homeostatic 

regulation and feedback. 

AC9S9I04 

select and construct appropriate representations, including tables, 

graphs, descriptive statistics, models and mathematical relationships, to 

organise and process data and information 

Students construct flow diagrams and systems models representing 
biological and technological feedback. 

AC9S9I06 

assess the validity and reproducibility of methods and evaluate the 

validity of conclusions and claims, including by identifying assumptions, 

conflicting evidence and areas of uncertainty 

Students identify the strengths and limitations of the water-level model 

and distinguish the simplified model from the complexity of biological 

regulation. 

AC9S10I01 
develop investigable questions, reasoned predictions and hypotheses to 

test relationships and develop explanatory models 

Year 10 students construct explanatory models showing relationships 

among sensors, coordinating processes, effectors and regulated 

variables. 



Code Full Content Description Justification 

AC9S10I04 

select and construct appropriate representations, including tables, 

graphs, descriptive statistics, models and mathematical relationships, to 

organise and process data and information 

Students represent biological and designed feedback systems through 

annotated systems diagrams. 

AC9S10I06 

assess the validity and reproducibility of methods and evaluate the 

validity of conclusions and claims, including by identifying assumptions, 

conflicting evidence and areas of uncertainty 

Students evaluate the limitations of simplified feedback models and 

compare them with dynamic living systems. 

  



TOPIC 

6 

THE TECHNOLOGY OF ART 

 

Lesson 16 – Words Made to Last: Paper, Fibre & 

the Technology of Communication 

Theme: Materials, Communication and the Preservation of Knowledge 

Character Focus: Honour & Reverence – recognising that technologies of communication can preserve 

truth, transmit wisdom and influence generations, and therefore should be developed and used with care, 

honesty and responsibility. 

Learning Objectives 

By the end of this lesson, you should be able to: 

• explain why different writing materials such as papyrus, parchment and paper possess different 

useful properties  

• describe the structure of paper as a network of interlocking plant fibres  

• explain how water, mechanical processing, pressing and drying contribute to paper manufacture  

• understand the role of cellulose in the strength and flexibility of plant fibres  

• distinguish between the material itself and the technological process through which it becomes useful  

• investigate how changes in paper-making variables affect the properties of a finished sheet  

• explain how developments in materials technology can change the way knowledge is recorded, 

preserved and distributed  

• reflect on the responsibility that accompanies technologies capable of carrying words across distance 

and time.  

 

A) Introduction – A Thought That Outlives Its 

Thinker 

Look at a sheet of paper. 

There is nothing particularly impressive about it at first glance. It is thin enough to tear with your hands, 

light enough to be lifted by a breath of wind, and so common that we may cover it with calculations, 

crumple it, discard it and scarcely think about what it is. 

Yet paper belongs to one of the most powerful technological stories in human civilisation. 

A spoken sentence may disappear almost as soon as it has been heard, but once words can be placed upon a 

durable surface, something extraordinary becomes possible. A person may speak to readers who have not 

yet been born. A law may travel beyond the presence of the ruler who issued it. A scientific observation can 

be compared with another observation made centuries later. Scripture may be copied, carried and read in 

lands far from the place in which the manuscript was first written. 



The technology of writing does more than store marks. It extends human memory. 

The Primary version of this topic explores paper-making as a traditional technology in which the properties 

of fibres are deliberately used to create a material suitable for communication and preservation. For Years 

7–10, we will look more deeply into the materials science beneath that process and into the much larger 

question of what happens to civilisation when a new communication technology makes information easier to 

preserve and reproduce. 

Key Terminology 

Cellulose – a strong carbohydrate polymer that forms an important structural component of plant cell walls 

Fibre – a long, narrow strand of material; paper is formed from large numbers of plant fibres joined into a 

thin network 

Pulp – a wet mixture of separated fibres used in making paper 

Papyrus – an ancient writing material made by arranging and pressing strips from the papyrus plant rather 

than by making a true fibre pulp 

Parchment – a writing material made from specially prepared animal skin 

Absorbency – the ability of a material to take liquid into its structure 

Tensile strength – the ability of a material to resist being pulled apart 

Porosity – the amount and arrangement of tiny spaces within a material through which fluids or gases may 

pass 

Composite structure – a material structure in which different components or many smaller elements work 

together to produce useful properties 

Recycling – recovering material from an existing product so that it can be processed and used again 

 

B) Informational Story 

The Page That Came from the East 

The bundle arrived at Constantinople wrapped in linen and tied with cord. 

It had travelled farther than most people in the city ever would. 

Its journey had carried it along trade routes that stretched eastwards through lands where languages, rulers 

and customs changed from one region to another. Merchants had loaded and unloaded it beside spices, silk, 

glassware and metalwork; animals had carried it over dry roads, ships had borne it across water, and at last it 

had reached the greatest city of the Byzantine world. 

When the linen was opened in the monastery library, Brother Nikolaos lifted one of the sheets carefully 

between his fingers. 



Beside him stood Leon, a seventeen-year-old apprentice whose duties included sharpening pens, mixing ink 

and performing every other task that senior scribes considered too unimportant to do themselves. 

Leon leaned closer. 

“That is not parchment.” 

“No.” 

“It is too thin.” 

Nikolaos smiled. “Thinness is not a crime.” 

Leon held the sheet towards the window. Light passed faintly through it. 

“It does not look like papyrus either.” 

“It is paper.” 

Leon had heard the word, but the material itself was still uncommon enough in his experience to invite 

suspicion. 

He rubbed the edge gently between his thumb and forefinger. 

“It feels as though someone crushed cloth and persuaded it to become a page.” 

Nikolaos raised an eyebrow. “That description is rather closer to the truth than you realise.” 

Leon looked again. 

The sheet was not perfectly smooth. Tiny irregularities ran across its surface, and when the light struck at an 

angle he could see faint traces of fibres within it. It did not possess the luxurious firmness of good 

parchment, yet it was lighter, flexible and surprisingly strong. 

“Where does it come from?” 

“Far to the east, originally. The techniques have travelled westward with merchants, craftsmen and conquest, 

as technologies often do.” 

Nikolaos placed the sheet beside a piece of parchment and a fragment of papyrus. 

“Civilisations exchange more than gold and grain, Leon. They exchange ways of doing things.” 

That simple observation lies close to the heart of technological history. 

No major technology belongs only to the instant in which someone first discovers it. Technologies travel. 

They are copied, altered, improved, combined with local materials and adapted to different needs. Paper-

making began in ancient China and spread gradually westward across Asia and the Islamic world before 

becoming increasingly familiar in Byzantine and European regions. For a long time, it existed alongside 

older writing materials rather than replacing them overnight. 

To Leon, however, the history was less important than the object in his hand. 

“How can fibres become this?” 



Nikolaos handed him the paper. 

“Perhaps you should stop looking at the page as though it were one thing.” 

Leon frowned. 

“It is one thing.” 

“Is a wall one thing?” 

“It is a wall.” 

“And yet?” 

“It is made of stones.” 

Nikolaos nodded. “Look more closely.” 

Leon turned the paper towards the light again. 

The sheet appeared continuous, but beneath that appearance lay a network. 

Modern materials science allows us to understand what neither Nikolaos nor Leon could see clearly. Paper is 

made from plant fibres, and one of the most important substances within those fibres is cellulose. 

Cellulose is a polymer, which means that its molecules are built from many repeating units joined into long 

chains. Plants manufacture cellulose and use it as a major structural component of their cell walls. It helps 

stems remain upright, leaves keep their form and fibres resist being pulled apart. 

Cotton fibres contain a very high proportion of cellulose, while wood, flax and many other plant materials 

also contain large quantities of it. 

When paper is made, those plant fibres are separated and suspended in water to form a pulp. 

At first glance, water may seem like nothing more than the liquid used to make the mixture easier to handle, 

yet its role is much more interesting. The fibres spread through the water instead of remaining packed 

together in dry clumps, allowing them to be distributed across a screen or mould. 

As the water drains away, the fibres settle into a thin tangled mat. 

Pressing forces them into closer contact and removes still more water. During drying, the fibres become 

bound together through a combination of physical entanglement and molecular attractions, including 

hydrogen bonding between cellulose surfaces. 

No seamstress stitches the fibres together. 

No blacksmith rivets them. 

The sheet acquires strength because enormous numbers of tiny fibres overlap, interlock and adhere across 

the whole material. 

Leon, of course, could not speak of polymers or hydrogen bonds. Nevertheless, his fingers told him that the 

sheet possessed properties worth investigating. 

He bent it. 



The paper curved without cracking. 

He folded one corner. 

A sharp crease remained. 

He held it beside parchment. 

“The parchment is stronger.” 

“In some ways,” Nikolaos replied. 

“And smoother.” 

“Often.” 

“Then why use paper?” 

Nikolaos smiled. “Because engineers, craftsmen and scribes almost never choose materials by asking which 

one is simply ‘best’.” 

He placed the three writing surfaces side by side. 

“They ask which material has the properties needed for the task.” 

That principle applies to nearly every designed object. 

A material suitable for a bridge may be unsuitable for clothing. A substance ideal for insulating a building 

may be useless for a knife blade. Glass is excellent when transparency is required, yet its brittleness makes it 

unsuitable for many structures that must absorb impact. Steel can carry enormous loads, while its density 

makes it less desirable where extreme lightness is essential. 

Materials are chosen through trade-offs. 

Parchment could be extraordinarily durable and could provide a beautiful writing surface, but producing it 

required animal skins and considerable labour. Papyrus had served the ancient Mediterranean world for 

centuries, yet its manufacture depended strongly upon access to the papyrus plant and the traditions 

surrounding its production. Paper could be made from a wider variety of fibrous materials, and once 

methods improved and production expanded, it offered important advantages in cost, availability and ease of 

manufacture. 

Leon ran his fingers across the page again. 

“So the weakness may be part of its strength?” 

Nikolaos considered this. 

“In a manner of speaking. A sheet does not need to survive being used as a shield. It needs to receive ink, 

fold or bind as required, remain light enough to transport, and survive long enough to carry its words.” 

The remark stayed with Leon. 

He had spent much of his apprenticeship admiring craftsmanship that seemed permanent: stone churches, 

bronze doors, carved capitals and mosaics whose glass pieces caught the light from high windows. Paper 



belonged to a different kind of technology. It was fragile enough to burn in moments, yet the ideas carried 

upon it might outlast buildings. 

 

From Plant to Page 

Several weeks later Nikolaos took Leon to a workshop where fibres were being prepared for paper-making. 

The work was neither elegant nor quiet. 

Old cloth and other fibrous materials had to be sorted, cleaned and reduced until their original form was 

destroyed. Material that had once been fabric gradually became something else: first scraps, then softened 

fibres, and eventually a wet suspension from which a new sheet might be created. 

Leon watched a worker stir a vat of pulp. 

“Once it is broken apart like that, how can it ever become strong again?” 

The question reveals something fascinating about materials. 

Strength does not always depend upon one continuous piece of matter remaining unchanged. Sometimes 

strength emerges from the way many smaller structures interact. 

A rope is stronger than the individual fibres from which it is made because those fibres share a load. 

Concrete combines materials whose properties complement one another. 

Bone achieves remarkable strength without being a solid block, because its microscopic structure distributes 

forces efficiently while avoiding unnecessary mass. 

Paper, too, gains useful properties from structure. 

A worker lowered a framed screen into the vat and lifted it again with a thin layer of pulp resting across the 

mesh. Water streamed through while fibres remained behind. 

Leon watched carefully. 

The worker tilted the frame slightly. 

The wet fibres moved. 

“Why must he keep it level?” 

“Because an uneven distribution of fibres will produce an uneven sheet,” Nikolaos explained. 

A thick region contains more material. A thin region contains less. If fibres clump together, some parts may 

become rough or weak, while other sections may become unnecessarily dense. 

The maker therefore influences the final properties long before the sheet appears finished. 

The concentration of pulp matters. 

The length of fibres matters. 



How evenly they are dispersed matters. 

Pressing matters. 

Drying matters. 

The nature of the original fibre matters. 

Once again, technology was not merely the possession of a useful material. It was knowledge of a process. 

This is one reason technological skill often develops through generations of observation and refinement. 

Craftspeople may discover useful practices long before scientists can explain the microscopic mechanisms 

that make those practices successful. 

A paper-maker did not need to know the molecular structure of cellulose before learning that some fibres 

produced stronger sheets than others. A potter did not need modern atomic theory before discovering that 

certain clays behaved differently in a kiln. A builder could learn the importance of arches centuries before 

equations were available to calculate every force within them. 

Scientific knowledge and technological knowledge therefore have a complicated relationship. 

Sometimes science explains why an older technology works. 

Sometimes a new scientific discovery enables a technology that could not previously have existed. 

At other times, improvements in technology provide scientists with instruments that allow entirely new 

discoveries. 

The two grow together. 

 

The Problem of Ink 

When Leon finally tried writing on the new paper, his first result was disastrous. 

He dipped his pen, began a line and watched the ink spread into a dark uneven patch. 

Nikolaos examined it. 

“Your letter appears to have drowned.” 

Leon stared at the ruined word. “The parchment never does this.” 

“Not in quite the same way.” 

The problem was absorbency. 

A writing surface must interact with ink in a useful manner. If it is too absorbent, liquid may spread through 

pores and along fibres, causing lines to feather and blur. If it is insufficiently receptive, ink may remain on 

the surface too long, smear easily or fail to adhere properly. 

Paper-makers therefore learned to alter surfaces through sizing, in which substances were added to reduce 

uncontrolled absorption and improve writing performance. 



Here again, material properties and human purpose were inseparable. 

The paper did not merely need to exist. 

It needed to perform. 

Nikolaos showed Leon another sheet that had been treated more effectively. 

The pen moved smoothly across it, leaving a clean dark line. 

Leon smiled. 

“That is better.” 

“Better for what?” 

“For writing.” 

“Exactly.” 

Nikolaos was teaching him to think like a designer. 

Words such as strong, smooth, absorbent, flexible, cheap, durable and light do not tell us whether a 

material is universally good. They tell us about properties, and those properties must be judged in relation to 

purpose. 

For a towel, high absorbency is useful. 

For a raincoat, it would be a failure. 

For writing paper, some interaction with ink is necessary, but uncontrolled absorbency can make precise 

writing difficult. 

Technology is full of such balances. 

 

The Copyist's Question 

Several months passed, and paper began appearing more regularly among the materials used in the library. 

One evening Leon sat beside Nikolaos copying a theological text. 

The older scribe had been unusually quiet. 

At last he said, “Do you know what frightens me about this material?” 

Leon looked down at the harmless sheet beneath his hand. 

“That it catches fire?” 

“That too.” 

Nikolaos rested his pen. 



“It may make words easier to multiply.” 

Leon waited for the explanation. 

“Why should that frighten you?” 

“Because good words may travel further.” 

“That sounds encouraging.” 

“It is.” 

Nikolaos looked towards shelves crowded with manuscripts. 

“But false words may travel further as well.” 

The room seemed quieter after he said it. 

For most of human history, reproducing written information demanded substantial effort. Every manuscript 

copied by hand represented hours, days or months of labour. Materials were costly, and skilled scribes were 

limited in number. 

Anything that reduced the cost or difficulty of producing writing altered more than the craft of the scribe. 

It altered the movement of information. 

Centuries later, printing would magnify that change enormously. Later still, electronic communication 

would make the cost of copying a message almost vanish. A text that once required months of patient labour 

could eventually be reproduced millions of times with astonishing speed. 

Every improvement solved one problem while creating new responsibilities. 

Leon turned the blank page before him. 

“I thought our responsibility was simply to copy accurately.” 

“That is already a great responsibility.” 

Nikolaos pointed towards the manuscript from which Leon was working. 

“If you change a word through carelessness and another man later copies your page, what happens?” 

“He copies my mistake.” 

“And if ten others copy his?” 

Leon understood. 

Errors could reproduce. 

So could deliberate falsehoods. 

A communication technology does not judge the truth of the message it carries. Paper will preserve wisdom 

and foolishness with equal obedience. Ink does not become reluctant when asked to record a lie. 



The morality belongs to the people who use the technology. 

 

The Material Memory of Civilisation 

Years later, Leon became responsible for part of the monastery library. 

By then he no longer saw manuscripts simply as books. 

He saw them as unlikely survivors. 

Some had crossed seas. 

Some had escaped fire. 

Some had been recopied from older volumes whose originals had disappeared generations earlier. 

A few contained works first composed hundreds of years before Leon was born, preserving the observations 

of physicians, historians, theologians, mathematicians and philosophers who had long since returned to dust. 

The survival of those ideas depended partly upon thought and language, but it also depended upon materials. 

If the ink faded completely, the words disappeared. 

If moisture destroyed the page, the words disappeared. 

If insects consumed a manuscript, the words disappeared. 

If nobody made another copy before the material decayed, a whole work might vanish. 

Human civilisation therefore possesses a physical memory. 

Libraries are not made of ideas alone. They are made of stone rooms, wooden shelves, fibres, skins, 

pigments, inks and bindings. Knowledge that appears immaterial must somehow become material if it is to 

be stored outside the human mind. 

Leon began to think differently about the technology before him. 

A page was a meeting place between the physical and the intellectual. 

Plant fibres had absorbed water from soil. Sunlight had powered photosynthesis within living tissues. 

Cellulose had been constructed molecule by molecule inside plant cells. Human hands then harvested, 

processed, separated, suspended, pressed and dried those fibres until a writing surface appeared. 

Upon that surface, another human being placed marks. 

The marks formed letters. 

Letters formed words. 

Words carried thoughts. 

Through matter, meaning travelled. 



Leon found this extraordinary. 

The Creator had made a physical world in which matter could be shaped to carry symbols, and had made 

human beings capable not only of perceiving those symbols but of understanding meanings that were not 

physically present in the ink itself. 

The word light was not luminous. 

The word bread could not be eaten. 

The written word sea contained no water. 

Yet a reader's mind moved from marks to meaning almost instantly. 

Material technology and human language worked together to make thought portable. 

 

A Page Worth Keeping 

One late afternoon, Leon found an apprentice preparing to discard several badly written practice sheets. 

“Wait.” 

The boy stopped. 

“They are spoiled.” 

“For writing, perhaps.” 

Leon took the sheets and examined them. 

“Not necessarily for making.” 

The paper could be returned to water, broken apart and reformed. 

Recycling paper does not restore fibres to an untouched original state. Processing can shorten and damage 

fibres, and after repeated recycling the material generally requires the addition of stronger fresh fibres if 

good-quality paper is to be maintained. Nevertheless, the principle is remarkable: a finished product can 

become raw material for another product. 

Leon had spent his life preserving old words. 

Now even the page itself could enter another cycle of use. 

He placed the discarded sheets aside. 

The apprentice watched him. 

“Brother Leon, why do you care so much about old paper?” 

Leon smiled. 

“Because materials deserve thought before they become waste.” 



He looked towards the manuscript shelves. 

“And because once you have spent your life watching fragile pages carry words across centuries, you 

become reluctant to call any page insignificant.” 

Outside, the evening bells began to sound across Constantinople. 

Leon stood for a moment listening to them. 

A bell carried a message through air, but only as far as the sound could travel. 

A messenger carried words farther, but only as far as his journey. 

A memory could preserve words for years, though memory itself could fade. 

Writing did something different. 

It allowed a human voice to remain after the voice had fallen silent. 

Leon rested his hand upon the manuscript beside him and thought of the generations he would never meet. 

Somewhere in a future he could not imagine, another pair of hands might open the same book. Another set 

of eyes might move across these lines, and another mind might receive the thoughts he had helped preserve. 

That possibility filled him with both wonder and responsibility. 

Technology had given human beings a way to extend speech across distance and time, yet the worth of that 

achievement depended partly upon what they chose to say. 

A beautifully made page could carry an ugly lie. 

A humble scrap could preserve a precious truth. 

The material mattered, but so did the message. 

Perhaps honour required care for both. 

 

C) Narration 

Close the lesson before completing your narration. 

Retell “The Page That Came from the East” in your own words, allowing the science and technological 

ideas to emerge naturally from the story. 

You may narrate orally to your parent, Home-Tutor or teacher, make an audio recording, or write 

approximately three to five paragraphs. 

Your narration should show that you understand: 

• why Leon was interested in the unfamiliar sheet of paper  

• how paper differs in manufacture from papyrus and parchment  

• how cellulose fibres form the structure of paper  

• why water is important during the paper-making process  



• how fibre distribution, pressing and drying affect the finished sheet  

• why absorbency can be both useful and troublesome  

• why material choice depends upon purpose rather than one material simply being “best”  

• how technologies for storing and copying information can change society  

• why Nikolaos believed that easier communication brought greater responsibility.  

 

D) Thinking Questions 

Years 7–8 

1. Why did Leon immediately realise that the new material was neither parchment nor papyrus?  

2. What is cellulose, and where is it found?  

3. Explain how loose plant fibres can become a reasonably strong sheet of paper.  

4. Why is water useful during paper-making?  

5. What might happen if the fibres in wet pulp were distributed unevenly?  

6. Explain why highly absorbent paper might be difficult to write upon.  

7. Why did Nikolaos say that craftspeople do not simply ask which material is “best”?  

8. Give another example in which a material property is useful for one purpose but undesirable for 

another.  

9. Why could cheaper and more available writing material increase the spread of both truth and error?  

10. What did Leon mean when he began to think of libraries as part of the “physical memory” of 

civilisation?  

Years 9–10 

1. Explain how the microscopic structure of cellulose fibres contributes to the macroscopic properties 

of paper.  

2. Describe the roles of fibre suspension, drainage, pressing and drying in forming a paper sheet.  

3. Why does paper gain strength even though it is composed of many separate fibres rather than one 

continuous piece of material?  

4. Explain why paper-making demonstrates the difference between a material and a technological 

process.  

5. What is meant by a design trade-off? Use absorbency in writing paper as your example.  

6. Why might craftspeople develop successful technologies before scientists can explain the 

mechanisms involved?  

7. Analyse the statement: “Scientific knowledge and technological knowledge grow together.”  

8. Why does a technology that makes information cheaper to reproduce also increase ethical 

responsibility?  

9. In what sense is written knowledge dependent upon physical materials, even when the knowledge 

itself consists of ideas?  

10. Compare paper recycling with the claim that materials can simply be reused indefinitely without loss 

of quality. Why is the real situation more complicated?  

 

E) Practical Investigation – Make and Test 

Recycled Paper 

You will make a small sheet of recycled paper and investigate how processing influences its properties. 



Materials 

You will need: 

• scrap uncoated paper  

• warm water  

• a bowl or container  

• blender, stick blender or vigorous manual pulping method, used with adult supervision where 

necessary  

• a fine mesh screen, splatter guard or simple frame covered with mesh  

• sponge  

• absorbent cloths or towels  

• rolling pin, flat board or another safe pressing surface  

• tray  

• ruler  

• pencil  

• small masses such as coins or washers for later testing.  

Avoid glossy or plastic-coated paper because coatings can interfere with pulping and recycling. 

Part 1 – Prepare the Pulp 

1. Tear the scrap paper into pieces approximately 2–3 cm across.  

2. Soak the pieces in warm water until they soften.  

3. Mechanically break the softened paper apart until the fibres are dispersed through the water.  

4. Add additional water if necessary to create a thin, workable suspension.  

Observe the pulp carefully. 

What has happened to the original sheet? 

Has the material disappeared, or has its structure simply been broken apart and reorganised? 

Part 2 – Form the Sheet 

1. Spread the pulp evenly over your mesh.  

2. Allow water to drain away.  

3. Place an absorbent cloth over the wet fibres and press gently with a sponge.  

4. Transfer the wet sheet carefully onto a cloth or flat surface.  

5. Press it between absorbent layers to remove more water.  

6. Leave it to dry completely.  

Do not judge the finished sheet until it is fully dry. Wet paper behaves very differently from dry paper 

because water affects the interactions between the fibres. 

 

F) Materials Testing – What Makes Useful Paper? 

Once your sheet is completely dry, compare it with a piece of ordinary writing paper. 

Investigate at least three properties. 

Test 1 – Flexibility 



Gently bend each paper around objects of different diameters. 

Does it bend smoothly, crease readily or crack? 

Test 2 – Absorbency 

Place equal-sized drops of water onto each material. 

Observe: 

• how rapidly the water spreads  

• whether it soaks through  

• the approximate diameter of the wet region after a set period.  

Test 3 – Writing Quality 

Using the same pen or pencil, write several words on each sheet. 

Compare: 

• smoothness  

• line sharpness  

• spreading or feathering of ink  

• surface damage.  

Test 4 – Tensile Strength 

Cut equal-width strips if your handmade sheet is large enough. 

Secure one end and gradually add small masses to the other until the strip tears. Keep the procedure the 

same for each material. 

Do not use heavy objects that could fall dangerously. 

Record your observations: 

Property Handmade Recycled Paper Commercial Paper Evidence 

Flexibility   
  

Absorbency   
  

Writing quality   
  

Strength   
  

 

 

 

 

 

 

G) Analyse and Evaluate 

Answer the following questions in your Science Journal: 



1. Which material was stronger?  

2. Which absorbed water more rapidly?  

3. Which provided the better writing surface?  

4. Was your handmade sheet uniform in thickness?  

5. Where were the weakest areas, and what may have caused them?  

6. How might fibre length influence strength?  

7. How might greater pressing change the paper?  

8. What effect might a sizing treatment have on absorbency?  

9. Why is testing several different properties more useful than simply asking whether your paper was 

“good”?  

10. What would you change if you made another sheet?  

Years 9–10 Extension 

Choose one variable to investigate systematically in a future trial, such as: 

• amount of pulp  

• fibre type  

• pulp concentration  

• pressing force  

• pressing time  

• degree of mechanical pulping.  

Write an investigable question and hypothesis. 

For example: 

How does the quantity of fibre pulp used to form a sheet affect its tensile strength? 

Explain how you would control other variables so that the comparison would be meaningful. 

 

H) Design & Technology Challenge – Design a 

Page for a Purpose 

Imagine that you are responsible for producing a writing material for one of the following: 

• an imperial legal document intended to last for generations  

• a lightweight message to be carried hundreds of kilometres  

• a beautifully illustrated manuscript  

• inexpensive school exercises  

• archival records  

• packaging for transporting a fragile object.  

Create a materials specification for your chosen product. 

Rank the importance of these properties from most to least important: 

• strength  

• flexibility  

• smoothness  

• absorbency  



• durability  

• low mass  

• low production cost  

• ease of manufacture  

• ability to accept ink  

• ability to fold.  

Then explain at least five design decisions. 

Your response should demonstrate that material choice always involves purpose and competing 

requirements rather than merely selecting whichever material is strongest. 

 

I) Communication Technology Investigation – 

From One Copy to Millions 

Create a simple timeline showing four stages in the history of recorded communication: 

Handwritten manuscript → Printing → Electronic text → Networked digital communication 

For each stage, investigate or reason about: 

• approximate effort required to create another copy  

• likely speed of distribution  

• size of potential audience  

• ease of correcting mistakes  

• ease with which errors or false information can spread  

• physical resources required  

• methods available for preserving the information.  

Then answer: 

Does making information easier to distribute necessarily make a society wiser? 

Write a reasoned response. Consider both the enormous benefits of wider access to knowledge and the risks 

created when unreliable information can also spread rapidly. 

 

J) God’s Big Story Reflection – Words Entrusted 

to Us 

Read Proverbs 18:21 and Ephesians 4:25. 

Human beings are unusual creatures not merely because we make sounds, but because language enables us 

to communicate meaning of extraordinary richness. We tell stories, formulate laws, preserve memories, 

compose poetry, record scientific observations, teach children, confess faith, make promises and pass 

knowledge from one generation to another. 

Writing extends that gift. 



Creation – A World in Which Meaning Can Be Carried 

There is something remarkable about the relationship between matter and meaning. 

A sheet of paper is physical. Its fibres have mass, texture and strength. Ink is physical too, composed of 

substances that absorb and reflect light. 

Yet when ink forms particular patterns upon paper, something occurs that cannot be explained merely by 

measuring the mass of the page. 

You read. 

The physical marks become meaningful because human beings possess language, memory and 

understanding. 

This joining of physical creation with human thought allows knowledge to travel through time. Someone 

may write a sentence, die centuries later, and still be heard by a reader in an age the writer never imagined. 

For the Christian, language is not an insignificant accident of human life. Scripture repeatedly presents 

words as powerful because truth, promise, instruction, blessing and testimony can be carried through them. 

Fall – Technology Does Not Make the Message True 

The invention of a better writing surface did not make every writer wise. 

Printing did not make every printed claim correct. 

The internet has not made every available piece of information trustworthy. 

Technology increases human capacity, but increased capacity can serve either truth or falsehood. 

A communication technology is therefore morally significant without being morally sufficient. It can extend 

the reach of a message, but it cannot guarantee the goodness of the message being extended. 

Nikolaos understood the principle when he warned Leon that easier copying could spread good words 

farther while also allowing errors to multiply. 

The same question confronts us with far greater force today. 

We possess technologies through which a sentence can travel around the world in seconds. That power 

should make careless communication less acceptable, not more. 

Redemption – Words Used to Bring Truth and Life 

Throughout Christian history, believers have copied, translated, printed and distributed Scripture because 

they believed truth was worth preserving and sharing. Education, literacy and communication technologies 

have likewise allowed knowledge to be used in service of others. 

Words can instruct someone who is confused, comfort someone who suffers, correct falsehood, preserve 

discoveries and carry the Gospel into places the original writer may never visit. 

This is one reason communication belongs within stewardship. 



The ability to publish, post, print or transmit something is not merely a technical capability; it is a trust. 

Restoration – Preserving What Is Worth Passing On 

Leon eventually realised that he was not merely preserving pages. He was helping decide which words 

would be carried into the future. 

We face the same question, although our technologies are different. 

What deserves preservation? 

What deserves repetition? 

What should we refuse to spread? 

How carefully should we check something before passing it to another person? 

The more powerful our communication technologies become, the more important these questions become. 

A sheet of paper may appear fragile, yet a true word written upon it can outlive kingdoms. A digital message 

may require almost no physical effort to reproduce, yet its influence can reach thousands of people whom 

the writer will never meet. 

Honour and reverence therefore require us to treat communication as something more than the movement of 

information. 

Words affect people. 

Truth matters. 

Accuracy matters. 

The materials and technologies through which we communicate are gifts of human creativity, but wisdom is 

revealed in what we choose to carry through them. 

Reflection Question 

Respond in your Science Journal: 

How should the increasing power of communication technologies change the level of responsibility we 

take for the truth, accuracy and value of the information we share? 

 

 

 

 

 

K) Portfolio Evidence 

Retain the following work in your Science, Technology & Health Portfolio: 

• narration of “The Page That Came from the East”  



• responses to the Thinking Questions  

• handmade paper sample or photograph of it  

• paper-properties testing table  

• investigation analysis and evaluation  

• materials specification  

• communication-technology timeline and response  

• God’s Big Story Reflection.  

 

L) Australian Curriculum v9 Mapping 

Code Full Content Description Justification 

AC9S9H02 
investigate how advances in technologies enable advances in science, and how 

science has contributed to developments in technologies and engineering 

Students investigate paper-making as an evolving 

technology and consider the reciprocal relationship 
between craft knowledge, later scientific understanding 

of material properties, and technological development. 

AC9S9H03 
analyse the key factors that contribute to science knowledge and practices being 

adopted more broadly by society 

Students consider how availability of materials, trade, 
cost, usefulness and communication needs contribute to 

the spread and adoption of technologies such as paper. 

AC9S9I01 
develop investigable questions, reasoned predictions and hypotheses to test 

relationships and develop explanatory models 

Students propose investigations into how paper-making 
variables such as fibre quantity, fibre type or pressing 

affect the properties of the resulting material. 

AC9S9I02 

plan and conduct valid, reproducible investigations to answer questions and test 

hypotheses, including identifying and controlling for possible sources of error and, 

as appropriate, developing and following risk assessments, considering ethical 

issues, and addressing key considerations regarding heritage sites and artefacts on 

Country/Place 

Students undertake a controlled material-properties 

investigation and consider how variables could be 

controlled in subsequent paper-making trials. 

AC9S9I05 
analyse and connect a variety of data and information to identify and explain 

patterns, trends, relationships and anomalies 

Students compare handmade and commercial paper 

using evidence from tests of absorbency, strength, 
flexibility and writing quality. 

AC9S9I06 

assess the validity and reproducibility of methods and evaluate the validity of 

conclusions and claims, including by identifying assumptions, conflicting evidence 

and areas of uncertainty 

Students evaluate weaknesses in their paper-making and 

testing procedures and identify improvements for more 
reliable comparisons. 

AC9S10H02 
investigate how advances in technologies enable advances in science, and how 

science has contributed to developments in technologies and engineering 

Year 10 students examine the interaction between 

scientific knowledge of materials and the historical 
development and refinement of communication 

technologies. 

AC9S10H03 
analyse the key factors that contribute to science knowledge and practices being 

adopted more broadly by society 

Students analyse how cost, materials, trade networks, 

social needs and practical usefulness influence 

technological adoption. 

AC9S10I01 
develop investigable questions, reasoned predictions and hypotheses to test 

relationships and develop explanatory models 

Students formulate testable questions concerning 

material-processing variables and paper properties. 

AC9S10I02 

plan and conduct valid, reproducible investigations to answer questions and test 

hypotheses, including identifying and controlling for possible sources of error and, 

as appropriate, developing and following risk assessments, considering ethical 

issues, and addressing key considerations regarding heritage sites and artefacts on 

Country/Place 

Students consider controlled variables and 

reproducibility when planning extensions to the paper 

investigation. 

AC9S10I05 
analyse and connect a variety of data and information to identify and explain 

patterns, trends, relationships and anomalies 

Students connect observed paper properties with 

differences in material structure and manufacturing 
processes. 

AC9S10I06 

assess the validity and reproducibility of methods and evaluate the validity of 

conclusions and claims, including by identifying assumptions, conflicting evidence 

and areas of uncertainty 

Students critically evaluate whether their evidence is 

sufficient to support claims about the relative quality and 
usefulness of different paper samples. 

 

  



Lesson 17 – Clay, Fire & Permanent Change: The 

Science of Pottery 

Theme: Transformation Through Heat, Chemistry and Skilled Design 

Character Focus: Honour & Reverence – recognising that materials possess properties and limits which 

must be understood before they can be shaped wisely, and that permanent changes call for patience, skill and 

responsibility. 

Learning Objectives 

By the end of this lesson, you should be able to: 

• explain how clay differs from ordinary soil and why its particle structure makes it useful for shaping  

• describe how water changes the workability of clay before firing  

• explain the difference between physical changes that may be partly reversible and chemical changes 

that become permanent  

• describe how heating clay drives off water, alters minerals and produces a rigid ceramic material  

• explain why firing temperature influences the final properties of pottery  

• investigate how water content and drying affect the behaviour of clay  

• connect scientific understanding of materials with technological choices about form, function and 

manufacture  

• reflect on why working with processes that create permanent change requires wisdom, patience and 

care.  

 

A) Introduction – Earth That Remembers Fire 

Take a ceramic cup, bowl or plate and tap it gently with your fingernail. 

The material feels hard, rigid and permanent. It may have survived years of hot drinks, washing, cupboards, 

tables and accidental knocks, yet the substance from which it was made began as something entirely 

different. 

Clay. 

Soft clay can be squeezed between your fingers, rolled into coils, pressed flat, carved, folded and reshaped. 

Add the right amount of water and it becomes more workable; allow it to dry and it becomes firm. If it has 

merely dried, water can often soften it again. 

Then comes fire. 

Once clay has been fired sufficiently in a kiln, the change is no longer simply a matter of removing water. 

Heat alters the material itself. The particles and minerals undergo physical and chemical transformations, 

and the clay becomes ceramic. 

The Primary version of this topic introduces pottery as a technology of transformation in which clay is 

shaped, dried and permanently changed by heat. In this secondary lesson, we will follow that transformation 

more deeply and ask why a material dug from the earth can become a vessel capable of surviving centuries. 

 



Key Terminology 

Clay – a fine-grained natural material containing very small mineral particles that becomes plastic and 

workable when mixed with suitable amounts of water 

Plasticity – the ability of a material to be shaped and to retain the new form 

Ceramic – a hard, non-metallic material produced by shaping mineral-based material such as clay and then 

heating it strongly 

Kiln – a specialised high-temperature furnace used for firing pottery and other ceramic materials 

Firing – heating shaped and dried clay to temperatures high enough to produce permanent material changes 

Shrinkage – reduction in size that occurs as water is removed and the clay structure becomes more compact 

Porosity – the proportion and arrangement of small spaces or pores within a material 

Vitrification – the partial formation of glass-like material during high-temperature firing, helping particles 

bond and reducing porosity 

Irreversible change – a change that cannot readily be undone to restore the original material 

Glaze – a glass-like coating formed on pottery when suitable materials melt and fuse to the surface during 

firing 

 

B) Informational Story 

The Potter’s Kiln 

The pottery quarter of Constantinople announced itself long before Theophanes reached it. 

The air carried the dry smell of earth, wood smoke and charcoal, while the streets bore traces of the work 

being done behind open doorways. Broken shards lay embedded in the ground. Jars stood drying against 

walls, their pale surfaces waiting for the kiln, while inside the workshops wheels turned beneath the hands of 

craftsmen who seemed able to raise bowls and vessels from shapeless lumps with astonishing ease. 

Theophanes had passed through the district many times, but on this morning he was not there to buy a cup. 

He had come because his uncle, Demetrios, had finally agreed to let him fire a vessel of his own. 

“Do not look so pleased,” Demetrios warned as the boy entered the workshop. “You have not made anything 

worth firing yet.” 

Theophanes held up the small jug he had spent two days shaping. 

His uncle examined it carefully. 

“The neck is uneven.” 

“Only slightly.” 



“The base is thicker on one side.” 

“Hardly noticeable.” 

“The handle may crack.” 

Theophanes lowered the jug. 

“You could simply say you dislike it.” 

Demetrios smiled. “I like it enough to tell you the truth.” 

He placed the jug among several others drying on a wooden shelf. 

“You are thinking like someone who believes the important part is making clay look beautiful.” 

“Isn't that the purpose?” 

“It is one purpose. A vessel must also survive drying, firing, cooling and use.” 

Theophanes glanced around the workshop. Bowls, plates, amphorae, storage jars and lamps stood in 

different stages of completion. Some were still dark with moisture; others had dried to a lighter colour. A 

few had already been fired and carried the unmistakable hardness of ceramic. 

Demetrios picked up a lump of wet clay. 

“Tell me what this is.” 

“Clay.” 

“That is a name. I asked what it is.” 

Theophanes knew better than to give the same answer twice. 

“Earth?” 

“Closer.” 

Modern science would allow us to describe clay much more precisely. 

Clay contains extraordinarily fine mineral particles, many of them formed over long periods as rocks and 

other materials break down through weathering and chemical alteration. The particles are so small that their 

behaviour differs markedly from coarse sand or gravel. Many clay minerals have plate-like microscopic 

structures, and water can interact with the surfaces between and around those particles. 

That is one reason wet clay behaves as it does. 

When the correct amount of water is present, thin layers of water allow clay particles to slide relative to one 

another while still remaining sufficiently attracted to hold together. The material can therefore be pressed, 

stretched and shaped without immediately crumbling apart. 

This property is called plasticity. 

Too little water, and the clay becomes stiff or brittle. 



Too much water, and the structure becomes weak, sticky or unable to support its own weight. 

The potter must work in the narrow region between those extremes. 

Demetrios tossed the clay onto the table. 

“Add water.” 

Theophanes dipped his fingers into a bowl and sprinkled a little across the surface. 

“More?” 

“Not yet. Work it.” 

The boy pressed and folded the clay. At first it resisted, but as moisture spread through the lump it became 

smoother and more responsive. 

“Now add too much.” 

Theophanes hesitated. 

“On purpose?” 

“Experience is an expensive teacher when mistakes happen inside a kiln. Better to make some of them 

cheaply.” 

He added more water. 

Before long, the clay sagged beneath his fingers. 

“What changed?” Demetrios asked. 

“The clay became softer.” 

“Did it become a different substance?” 

Theophanes looked uncertain. 

“At this stage, not really.” 

That distinction is important. 

Many changes that occur while clay is being shaped and dried are predominantly physical changes. Water 

moves into and between particles, and as the clay dries much of that water leaves again through evaporation. 

The arrangement and spacing of particles change, but the fundamental mineral composition has not yet 

undergone the transformations produced during full firing. 

This is why dry, unfired clay can often be crushed, soaked in water and made workable again. 

The vessel may be lost, but much of the clay can be recovered. 

Fire changes the story. 

 



The First Departure of Water 

Several days later, Theophanes returned to find his jug noticeably lighter. 

He picked it up carefully. 

“It feels different.” 

“It is different,” Demetrios replied, “but it is not yet pottery.” 

As wet clay dries, water evaporates from spaces between particles. The particles move closer together, and 

the object shrinks. 

That shrinkage can create serious problems. 

If one part of a vessel dries much faster than another, it shrinks sooner. Different regions then pull against 

one another, creating internal stress. A thin rim exposed to moving air may dry rapidly while a thick base 

remains wet. A handle may lose moisture faster than the body to which it is attached. 

Cracks can begin before the pot ever reaches the kiln. 

This is why experienced potters often control drying carefully. 

A hurried apprentice sees a wet pot and thinks, The sooner it dries, the sooner I can fire it. 

A skilled potter sees the same vessel and asks, Will every part of it dry evenly enough to survive? 

Patience is therefore not merely a moral virtue in pottery. 

It is part of the technology. 

Theophanes turned his jug in his hands. 

“How dry does it need to be?” 

“Dry enough that the kiln does not teach you humility too violently.” 

“What does that mean?” 

Demetrios pointed towards a shelf where a broken pot sat in pieces. 

“That entered the kiln with too much water inside it.” 

Theophanes stared at the fragments. 

When water trapped within clay is heated, it turns into vapour. If vapour forms faster than it can escape 

through the pores of the clay, pressure can build. 

The result may be cracking, spalling or, in severe cases, a pot breaking apart inside the kiln. 

A kiln therefore does not merely “cook” clay. 

It subjects the material to a carefully controlled sequence of changes. 



The rate of heating matters. 

The temperature matters. 

The amount of moisture matters. 

The composition of the clay matters. 

The size and thickness of the vessel matter. 

A successful firing depends upon understanding how these factors interact. 

 

When Dry Clay Becomes Something Else 

On the morning of the firing, Demetrios allowed Theophanes to help load the kiln. 

The boy moved each vessel cautiously. 

“How hot will it become?” 

“Hotter than any kitchen oven you have known.” 

By modern measurements, pottery kilns may reach temperatures well above 800°C and, depending upon the 

clay body and intended ceramic product, considerably higher. Historical potters did not possess electronic 

thermometers, yet experienced craftspeople learned to judge firing conditions from fuel, airflow, flame 

colour, kiln behaviour and the appearance of test pieces. 

Knowledge had accumulated through observation. 

Fire after fire. 

Generation after generation. 

As the temperature rises, several things happen within clay. 

First, remaining free water is driven away. 

With further heating, water that forms part of the structure of some clay minerals can also be removed 

through chemical changes. The mineral structures begin to alter in ways that cannot simply be reversed by 

soaking the fired object in water. 

At still higher temperatures, particles begin bonding more strongly. Some materials within the clay body 

may partially melt and form glass-like phases. This process contributes to vitrification, which can make the 

fired ceramic harder, stronger and less porous. 

The soft earth is becoming stone-like, but it is not simply returning to natural rock. 

It is becoming a manufactured material whose structure has been transformed by heat. 

Theophanes stood beside the kiln and watched the flames enter through the firing chamber. 

“If we let it cool tomorrow and then soak the jug in water, will it turn back into clay?” 



Demetrios shook his head. 

“No.” 

“Even though water softened it before?” 

“Fire has changed more than the water.” 

There lay the boundary between the easily reversible and the permanently transformed. 

Before firing, water could move into and out of the clay, altering its workability. After adequate firing, the 

mineral structure had changed. The ceramic could shatter, but it could not simply be mixed with water and 

returned to the same plastic clay from which it had begun. 

The vessel had acquired a kind of material history. 

It carried within its structure evidence of what had happened to it. 

 

The Chemistry Hidden in the Kiln 

To Theophanes, the kiln seemed almost mysterious. Objects entered dull and fragile, then emerged harder, 

sometimes differently coloured and, after glazing, occasionally shining like glass. 

Modern chemistry allows us to look deeper. 

Clay is not one pure substance. It is a mixture of minerals, often including clay minerals, silica and other 

components. Depending on the source of the clay, it may also contain compounds of iron, calcium, 

magnesium, sodium, potassium and other elements. 

Heating causes reactions among these materials. 

Chemical bonds can break and new structures can form. Molecules containing water or other volatile 

components may release gases. Mineral phases may transform, while at sufficiently high temperatures some 

components melt and react with others. 

The atoms themselves are not destroyed. 

They are rearranged. 

That principle connects pottery with a much broader truth in chemistry. During chemical reactions, atoms 

are reorganised into new arrangements, while the total amount of matter is conserved in a closed system. 

A potter may describe a clay body as being “changed by fire,” while a chemist asks what substances were 

present before firing, what products formed afterwards, what gases were released and how the atoms were 

rearranged. 

These are not rival descriptions. 

One is the language of craft. 

The other is the language of chemical explanation. 



Together they reveal more. 

 

The Colour of Iron 

When the kiln was opened after cooling, Theophanes immediately searched for his jug. 

He found it near the rear. 

The colour surprised him. 

“It is redder than before.” 

Demetrios nodded. 

“Your clay contains iron.” 

Iron-containing compounds can contribute strongly to the colours of fired ceramics. The final appearance 

depends not only upon which elements are present but upon firing conditions, including temperature and the 

amount of oxygen available. 

In an oxygen-rich atmosphere, some iron compounds contribute reddish or orange colours. In a more 

reducing atmosphere, where oxygen is limited and chemical conditions differ, darker colours may appear. 

Ancient and medieval potters did not need modern oxidation-state chemistry to recognise these patterns. 

Through repeated firings, they learned that the way a kiln breathed could change the appearance of the 

finished ware. 

Theophanes lifted his jug. 

“So even the air inside the kiln matters?” 

“Everything matters once the fire is hot enough.” 

The statement was exaggerated, but not by much. 

Pottery is a lesson in interacting variables. 

Clay composition affects plasticity and firing behaviour. 

Water affects workability and drying. 

Thickness affects shrinkage and heating. 

Kiln temperature affects sintering and vitrification. 

Oxygen availability affects some chemical reactions and colours. 

Cooling rate can influence stresses and the final material. 

A finished pot is therefore not simply a lump of clay that has become hard. 

It is the result of a controlled technological system. 



 

Glass Upon Clay 

Demetrios handed Theophanes another vessel whose surface shone deep blue. 

“Glaze,” he said. 

The boy ran a finger across it. 

The surface was smoother than his own jug and far less absorbent. 

A glaze begins as a mixture of mineral materials applied to the ceramic surface. During firing, components 

melt and react, forming a thin glass-like layer bonded to the pottery. 

Glazes can change much more than appearance. 

They may reduce porosity. 

They can make surfaces easier to clean. 

They may help vessels hold liquids. 

They can also produce extraordinary colours, depending upon the minerals and metal compounds included 

in the glaze and upon the chemistry of firing. 

The famous brilliance of Byzantine art depended greatly upon mastery of materials. Glass, gold, pigments, 

stone and ceramic surfaces were not chosen merely because they were decorative. Their optical, chemical 

and physical properties enabled artists and craftspeople to create objects whose appearance could survive 

long after softer organic materials had vanished. 

A potter was therefore both artisan and materials technologist. 

Even without modern terminology, the craft demanded knowledge of matter. 

 

A Vessel That Failed 

Theophanes' jug survived its first firing, but his pride did not survive much longer. 

Several weeks afterwards, he made a larger storage vessel. 

This one he shaped quickly. 

The walls were uneven, but he convinced himself that the difference was small. He dried it near a warm 

place because he was impatient to finish. A slight crack appeared near the base, and he rubbed wet clay into 

it. 

“Should I let it dry longer?” he asked. 

Demetrios examined it. 

“Yes.” 



“How much longer?” 

“Until it is ready.” 

“That is not a measurement.” 

“No,” Demetrios replied, “but neither is your impatience.” 

Theophanes waited one day and placed the pot near the kiln. 

His uncle found it there. 

“You are not firing this today.” 

“Why?” 

“It is not ready.” 

“It feels dry.” 

“The outside feels dry.” 

Theophanes frowned. 

Demetrios tapped the thick base. 

“The inside may still hold moisture.” 

They argued briefly, and Demetrios won because it was his kiln. 

Two days later, the vessel was fired. 

It cracked anyway. 

Theophanes stared at the fracture running through the side. 

“What did I do wrong?” 

Demetrios did not answer immediately. 

Instead, he placed the broken vessel on the table. 

“Tell me what you did.” 

Theophanes thought through the process. 

“The walls were uneven.” 

“Yes.” 

“I dried it too quickly at first.” 

“Yes.” 

“I repaired a crack instead of asking why it formed.” 



Demetrios nodded. 

“And?” 

“I wanted the result before the material was ready.” 

“That may be the most important answer.” 

Technology frequently punishes impatience because matter is not persuaded by desire. 

Steel does not become strong because a builder hopes it will. 

Concrete does not cure faster because a project is late. 

A chemical reaction does not become safe because someone is in a hurry. 

Clay does not forget trapped moisture simply because a potter wants to open the kiln tomorrow. 

Physical reality places constraints upon design. 

To work wisely with materials, we must honour those constraints. 

 

The Potter and the Scientist 

Years later, Theophanes became a master potter himself. 

Visitors often admired his ability to judge clay by touch or recognise firing problems from small changes in 

colour and sound. 

A young apprentice once asked him, “How do you know all this?” 

Theophanes considered the question. 

“Some of it was taught to me. Some of it I learned from breaking things.” 

The boy laughed. 

“Is that really a way to learn?” 

“One of the oldest.” 

Theophanes picked up a failed bowl whose glaze had blistered. 

“Every failure asks a question.” 

Why did the crack form? 

Why did one colour change? 

Why did the glaze run? 

Why did one clay body survive while another warped? 



Those questions belong naturally to science. 

A good craftsperson observes patterns. 

A good scientist does the same. 

Both compare results. 

Both learn from anomalies. 

Both change variables and observe consequences. 

Both must distinguish between what they expected and what actually occurred. 

The difference lies partly in purpose and method. Craft knowledge may grow from long practical 

experience, while science deliberately seeks explanations that can be tested, communicated and refined. 

Yet throughout human history, the workshop and the laboratory have repeatedly fed one another. 

Potters discovered materials worth studying. 

Metallurgists learned how heat transformed ores. 

Dyers experimented with substances that changed colour. 

Glassmakers learned to manipulate mixtures and temperatures. 

Long before chemistry existed as a modern science, artisans were already asking matter questions through 

their hands. 

 

The Jar Beneath the Earth 

Many years after Theophanes died, a jar from his workshop might have been buried beneath the ruins of a 

building. 

Wood could rot. 

Textiles could decay. 

Leather could disappear. 

Food would be gone. 

Yet the fired ceramic might remain. 

Archaeologists value pottery for exactly this reason. 

Ceramic fragments can preserve information about technologies, trade, diet, storage, decoration and daily 

life long after the people who made them have vanished. Shapes can suggest purpose. Clay composition can 

point towards geographical origins. Decorative styles may help date sites. Residues can sometimes reveal 

what vessels once contained. 



A broken pot can become evidence. 

The transformation produced by fire gives pottery one of its most remarkable qualities: durability. 

Theophanes would have appreciated the irony. 

He had spent his life trying to prevent pots from breaking, while centuries later even the broken pieces might 

still tell a story. 

A fired shard carries information because the material remembers, in a physical sense, what has happened to 

it. Its colour, porosity, mineral structure and surface may all reflect the clay from which it was formed and 

the conditions under which it was fired. 

The furnace leaves its history behind. 

 

The Shape of Permanence 

Near the end of his life, Theophanes still kept the first small jug he had fired with Demetrios. 

The handle was slightly crooked. 

The walls were uneven. 

One side of the base was noticeably thicker than the other. 

It was, by the standards he later learned to demand of himself, a poor piece of pottery. 

He never threw it away. 

One evening his granddaughter found him turning it slowly in his hands. 

“You could make a better one,” she said. 

“I have made hundreds better.” 

“Then why keep that?” 

“Because this one taught me something the others could not.” 

She waited. 

Theophanes placed the jug between them. 

“When clay is still wet, a mistake can often be changed. You press it, smooth it, add water, remove clay or 

begin again. After the firing, things are different.” 

“Because the clay is hard?” 

“Because it has become something it was not before.” 

He looked at the old jug. 



“Some changes open possibilities, and some changes close them. Wisdom lies partly in knowing which kind 

of change you are making.” 

The observation reached beyond pottery. 

Human beings possess extraordinary power to transform materials. We heat, mix, cut, react, dissolve, burn, 

melt and reshape the substances around us. Increasing scientific knowledge has multiplied that power 

enormously. 

Yet greater power does not remove the need for care. 

It increases it. 

A reversible mistake may permit another attempt. 

An irreversible process demands greater thought before it begins. 

Theophanes had learned this beside a Byzantine kiln, but the principle belongs to every age. 

Before we change a material, a landscape, a technology or a life, wisdom asks not merely whether change is 

possible, but what the change will become once it can no longer easily be undone. 

He set the old jug back upon the shelf. 

The vessel had begun as earth softened by water, shaped by human hands and transformed by fire. Its 

crooked handle remained, but so did its strength. 

The clay could no longer return to what it had been. 

It had passed through the kiln and acquired permanence. 

And perhaps this was why Theophanes still regarded the firing with something close to reverence, even after 

a lifetime of opening kilns. 

Fire revealed what preparation had made possible. 

It did not merely finish the vessel. 

It made the vessel answer for every choice that came before it. 

 

C) Narration 

Close the lesson before completing your narration. 

Retell “The Potter’s Kiln” in your own words, allowing both the story and the science to unfold naturally. 

You may narrate orally to your parent, Home-Tutor or teacher, make an audio recording, or write 

approximately three to five paragraphs. 

Your narration should show that you understand: 

• why water makes clay workable  



• what plasticity means  

• why drying clay shrinks  

• why uneven drying can cause cracking  

• why wet clay must be sufficiently dry before firing  

• how firing produces changes that cannot simply be reversed by adding water  

• what happens to clay minerals as temperature rises  

• why fired ceramic may become harder and less porous  

• how oxygen availability and clay composition can influence colour  

• why Theophanes came to regard firing as a process that required both scientific understanding and 

wisdom.  

 

D) Thinking Questions 

Years 7–8 

1. Why is clay easier to shape when it contains an appropriate amount of water?  

2. What happens if too much water is added?  

3. Why does clay shrink as it dries?  

4. Explain why uneven drying may produce cracks.  

5. Why can firing clay that still contains too much water be dangerous to the object?  

6. What is the difference between dried clay and fired ceramic?  

7. What is vitrification, and how can it change the material?  

8. Why can iron-containing minerals influence pottery colour?  

9. What useful properties can glaze give to a ceramic vessel?  

10. What did Theophanes mean when he said that wisdom involves knowing what kind of change you 

are making?  

Years 9–10 

1. Explain how the microscopic structure of clay particles and their interaction with water contribute to 

plasticity.  

2. Why is drying primarily a physical change at first, while full firing involves chemical changes?  

3. Explain why the rate of heating matters when firing pottery.  

4. How can trapped water lead to failure in the kiln?  

5. Describe, in general terms, what happens to clay minerals during firing.  

6. Explain the relationship between firing temperature, vitrification and porosity.  

7. Why might the atmosphere inside a kiln influence the colour of iron-containing pottery?  

8. Explain how pottery demonstrates that atoms can be rearranged into new substances during chemical 

reactions.  

9. How does the story show that technological knowledge can develop before complete scientific 

explanations are available?  

10. Why is the statement “Fire makes the vessel answer for every choice that came before it” 

scientifically and philosophically appropriate?  

 

E) Practical Investigation – Water, Plasticity & 

Drying 



This investigation examines how water content affects the behaviour of clay before firing. 

Use air-dry clay or ordinary modelling clay suitable for classroom investigation. You do not need 

access to a kiln for this experiment. 

Materials 

You will need: 

• equal portions of air-dry clay  

• water  

• teaspoon or dropper  

• ruler  

• balance if available  

• flat working surface  

• labels  

• Science Journal.  

Investigation Question 

How does the amount of water added to clay affect its workability, shape retention and drying 

behaviour? 

Prepare Three Samples 

Use equal masses of clay. 

Sample A – Drier Clay: Use the clay with no extra water. 

Sample B – Moderately Moist Clay: Add a small measured quantity of water and knead it evenly through 

the sample. 

Sample C – Very Wet Clay: Add a larger measured amount of water. 

Record exactly how much water you add. 

Test the Samples 

For each sample: 

1. Roll it into a cylinder of equal starting length and diameter.  

2. Bend the cylinder gently into a U-shape.  

3. Record whether it bends smoothly, cracks or collapses.  

4. Form it into a small upright wall or coil approximately the same dimensions as the others.  

5. Observe whether it retains its shape.  

6. Record its initial dimensions.  

7. Allow it to dry under the same conditions.  

8. Measure its final dimensions after drying.  

9. Calculate the amount of shrinkage.  

Sample Water Added Workability Shape Retention Initial Size Final Size Shrinkage 

A 
 

  

     

B       



Sample Water Added Workability Shape Retention Initial Size Final Size Shrinkage 

  

C 
 

  

     

 

F) Analyse Your Results 

Answer the following: 

1. Which sample was easiest to shape?  

2. Which sample best retained its shape?  

3. Which sample cracked most readily?  

4. Did adding more water always improve workability?  

5. Which sample showed the greatest shrinkage?  

6. What relationship did you observe between water content and structural stability?  

7. Why might a potter avoid both very dry and very wet clay?  

8. Which variables needed to remain controlled for the comparison to be meaningful?  

9. How could your measurements be made more precise?  

10. What further investigation could you conduct?  

Years 9–10 Extension 

Calculate percentage shrinkage using: 

Percentage shrinkage = (initial dimension − final dimension) ÷ initial dimension × 100 

Compare your three samples. 

Then write a conclusion beginning: 

“The data suggest that increasing water content affected clay behaviour by…” 

Be careful not to claim that your air-dry investigation reproduces the chemical transformations of kiln firing. 

You are investigating plasticity and drying, not ceramic formation. 

 

G) Chemical Change Investigation – Evidence 

from Heat 

You cannot safely reproduce pottery firing without a proper kiln, but you can model the distinction between 

reversible physical change and irreversible chemical change using familiar materials. 

Compare the following examples: 

Physical Change Example 

Dissolve salt in warm water and later recover some of it by allowing the water to evaporate. 

Chemical Change Example 



With appropriate supervision, observe a simple safe chemical change such as cooking an egg or heating 

bicarbonate-containing material in a teacher-approved demonstration. 

For each example, record: 

• starting material  

• change applied  

• observations  

• whether the original material can readily be recovered  

• evidence that a new material or new properties may have formed.  

Then explain how firing clay differs from merely drying clay. 

 

H) Design & Technology Challenge – Form Must 

Survive the Process 

Imagine that you are designing one of the following ceramic objects: 

• water jug  

• oil lamp  

• storage jar  

• cooking vessel  

• decorative tile  

• roof tile.  

Create a labelled design that considers: 

• wall thickness  

• base stability  

• handle or support  

• likely drying behaviour  

• risk of cracking  

• required strength  

• porosity  

• whether glazing would be useful  

• likely function after firing.  

Then answer: 

How would the scientific properties of clay affect your design decisions before the object ever entered 

the kiln? 

Years 9–10 Extension 

Identify at least three possible failure points in your design and explain how each could be reduced through 

improved materials selection, geometry or manufacturing process. 

 



I) Materials Investigation – Pottery as 

Archaeological Evidence 

Examine photographs or descriptions of several historical ceramic objects from different cultures or eras. 

For each, consider: 

• shape  

• wall thickness  

• surface treatment  

• decoration  

• colour  

• likely use  

• evidence of firing technique.  

Then answer: 

What can pottery reveal about a civilisation even when written records are limited? 

Your response might consider: 

• trade  

• food storage  

• cooking  

• technological skill  

• artistic preferences  

• available natural resources  

• cultural exchange.  

 

J) God’s Big Story Reflection – The Potter, the 

Clay and the Responsibility of Shaping 

Read Isaiah 64:8: 

“Yet you, Lord, are our Father. We are the clay, you are the potter; we are all the work of your 

hand.” 

The biblical image of a potter was powerful because people knew what pottery involved. 

They had seen clay dug from the earth, mixed with water, kneaded, shaped, dried and fired. They understood 

that clay was responsive in the potter's hands while it remained soft, and that the kiln brought a 

transformation after which the vessel could no longer simply be returned to its original condition. 

Science allows us to see even more deeply into that ancient image. 

Creation – Materials with Possibilities 

Clay possesses properties that make pottery possible. 



Its particles are tiny enough to interact with water in ways that produce plasticity. Its mineral structure can 

be transformed by heat. Under appropriate firing conditions, a fragile dried object can become a strong 

ceramic capable of surviving for centuries. 

Human creativity works with these properties rather than inventing them. 

The potter does not command clay to behave according to imagination alone. The craftsperson must 

discover what the material permits, respect its limits and work skilfully within them. 

This is a beautiful example of human beings exercising stewardship within God's created order. We discover 

the properties already present in creation and then use knowledge, skill and imagination to make something 

useful or beautiful. 

Fall – When Power Is Used Without Wisdom 

Theophanes' failed vessel revealed a simple truth: desire does not change physical reality. 

He wanted the pot to be ready. 

It was not. 

He wanted the crack to be insignificant. 

It was not. 

His impatience did not alter the behaviour of water or the stresses created during drying. 

Human beings often encounter the same lesson on a far greater scale. 

Scientific knowledge gives us extraordinary power to transform matter, organisms and environments, but the 

ability to cause change does not guarantee that the change is wise. 

Some consequences are difficult to reverse. 

Some are permanent. 

A chemical released into an ecosystem may remain long after the person responsible has gone. A destructive 

technology can reshape communities. An engineering decision may affect generations. 

Honour requires us to ask not merely, “Can we do this?”, but also, “What will happen if we do?” 

Redemption – Broken Things Are Not Beyond Meaning 

A fired pot that cracks cannot simply return to wet clay, yet even broken pottery may still possess value. 

Fragments can become mosaics. 

Shards can provide archaeological evidence. 

A failed object can teach the potter how to make the next vessel differently. 

Christian redemption reaches far beyond this material analogy, but the image may still help us understand 

something important. God is not limited to working only with flawless lives and perfect beginnings. 



Human beings make choices whose consequences are real. We cannot always erase what has happened as 

though it never occurred. Yet the Christian story is filled with people whose failures did not become the 

final word over their lives. 

Redemption does not mean pretending the fracture never existed. 

It means that God can bring new purpose even where damage has occurred. 

Restoration – Made for Lasting Beauty 

Pottery endures because firing creates permanence. 

Centuries after buildings collapse and fabrics decay, ceramic fragments may remain beneath the soil. 

Objects made for ordinary meals can become witnesses to lives lived long ago. 

Scripture's greater hope of restoration speaks of something more profound than material durability. It points 

towards creation renewed and human life brought into the wholeness God intends. 

Until then, we live as makers and stewards within a world where our actions matter. 

Theophanes eventually understood that firing deserved reverence because it made earlier decisions 

consequential. Once the vessel entered the kiln, the shape, thickness, moisture content and craftsmanship 

already present would be revealed rather than concealed. 

Our lives are not pieces of pottery, and God's relationship with us is far richer than that of a craftsperson 

with an object. Yet the image invites a worthwhile question. 

What are we shaping now, while change is still possible? 

We are beings capable of learning and changing, of practising what is good, and of beginning again when 

we have gone astray. Wisdom therefore asks us to use that capacity while opportunities for growth remain 

before us. 

Reflection Question 

Respond in your Science Journal: 

How can the process of shaping, drying and firing clay help us think about the difference between 

change, consequence, responsibility and redemption? 

 

K) Portfolio Evidence 

Retain the following work in your Science, Technology & Health Portfolio: 

• narration of “The Potter’s Kiln”  

• responses to the Thinking Questions  

• clay water-content investigation  

• shrinkage measurements and calculations  

• investigation conclusion  

• physical versus chemical change comparison  

• ceramic product design  



• archaeological pottery analysis  

• God’s Big Story Reflection.  

 

L) Australian Curriculum v9 Mapping 

Code Full Content Description Justification 

AC9S9U07 
model the rearrangement of atoms in chemical reactions using a range of 

representations, including word and simple balanced chemical equations, 

and use these to demonstrate the law of conservation of mass 

Students distinguish drying from firing and examine firing as a 

process in which mineral substances undergo chemical changes 
and atoms are rearranged into new structures. The lesson 

introduces this concept qualitatively rather than requiring 

unsupported detailed equations for complex clay minerals. 

AC9S9H02 

investigate how advances in technologies enable advances in science, and 

how science has contributed to developments in technologies and 

engineering 

Students examine pottery as an ancient materials technology and 

consider how craft knowledge and later scientific understanding of 

minerals, heat and chemical transformation inform one another. 

AC9S9I01 
develop investigable questions, reasoned predictions and hypotheses to test 

relationships and develop explanatory models 

Students investigate relationships between water content, 

workability, shape retention and shrinkage. 

AC9S9I02 

plan and conduct valid, reproducible investigations to answer questions 

and test hypotheses, including identifying and controlling for possible 

sources of error and, as appropriate, developing and following risk 

assessments, considering ethical issues, and addressing key considerations 

regarding heritage sites and artefacts on Country/Place 

Students conduct a comparative clay investigation while 

maintaining common dimensions and drying conditions and 

considering sources of experimental error. 

AC9S9I04 

select and construct appropriate representations, including tables, graphs, 

descriptive statistics, models and mathematical relationships, to organise 

and process data and information 

Students record measurements in tables and may calculate 

percentage shrinkage across samples. 

AC9S9I05 
analyse and connect a variety of data and information to identify and 

explain patterns, trends, relationships and anomalies 

Students analyse how varying water content affects workability, 

stability and drying shrinkage. 

AC9S9I06 

assess the validity and reproducibility of methods and evaluate the validity 

of conclusions and claims, including by identifying assumptions, 

conflicting evidence and areas of uncertainty 

Students evaluate limitations of their air-dry clay model and 

recognise that it does not reproduce the chemical transformations 

of kiln firing. 

AC9S10U07 
identify patterns in synthesis, decomposition and displacement reactions 

and investigate the factors that affect reaction rates 

Firing introduces Year 10 students to the importance of 

temperature as a factor influencing chemical change. This lesson 

prepares for, rather than fully assesses, the detailed reaction-pattern 
component of the description. 

AC9S10H02 

investigate how advances in technologies enable advances in science, and 

how science has contributed to developments in technologies and 

engineering 

Students analyse the interaction between historical ceramic 

technologies and developing scientific explanations of material 
transformation. 

AC9S10I01 
develop investigable questions, reasoned predictions and hypotheses to test 

relationships and develop explanatory models 
Students formulate predictions about water content and drying 
behaviour. 

AC9S10I04 

select and construct appropriate representations, including tables, graphs, 

descriptive statistics, models and mathematical relationships, to organise 

and process data and information 

Students organise measurements and calculate proportional or 

percentage shrinkage. 

AC9S10I05 
analyse and connect a variety of data and information to identify and 

explain patterns, trends, relationships and anomalies 

Students connect experimental observations with explanations 

involving water, particle behaviour and material structure. 

AC9S10I06 
assess the validity and reproducibility of methods and evaluate the validity 

of conclusions and claims, including by identifying assumptions, 

conflicting evidence and areas of uncertainty 

Students distinguish evidence directly generated in their 

experiment from scientific explanations of high-temperature 

ceramic transformations that their classroom activity cannot 
directly test. 

 

  



Lesson 18 – Light Made Visible: The Science and 

Technology of Byzantine Mosaics 

Theme: Light, Colour and the Transformation of Materials into Art 

Character Focus: Honour & Reverence – recognising that beauty can arise when knowledge, skilled 

craftsmanship and the properties of created materials are brought together with thoughtful purpose. 

Learning Objectives 

By the end of this lesson, you should be able to: 

• explain how light interacts with different surfaces to produce variations in colour, brightness and 

appearance  

• distinguish between reflection, absorption and transmission of light  

• explain why glass, stone, metals and pigments produce different visual effects  

• describe how the angle and texture of a surface influence reflected light  

• investigate how Byzantine mosaic makers deliberately manipulated materials and surfaces to work 

with changing light  

• explain how scientific understanding can help us appreciate technologies developed through 

centuries of skilled observation  

• apply knowledge of light and materials to design a visual surface for a particular purpose  

• consider how beauty, craftsmanship and scientific understanding can direct our attention beyond the 

material object itself.  

 

A) Introduction – When a Wall Begins to Shine 

Imagine entering a Byzantine church after walking through the fierce brightness of a Constantinople 

afternoon. 

At first, the interior seems dark. Gradually your eyes adjust, and the building begins to reveal itself. Marble 

columns rise from the floor, lamps flicker in the distance, and shafts of sunlight enter through high windows. 

Then something extraordinary happens. 

The walls begin to glow. 

Across the curved surfaces above you, thousands of tiny pieces of glass, stone and gold catch the moving 

light. Some shine brilliantly, while others remain subdued until you take another step. A golden background 

that appeared dark from one position suddenly flashes as though light were moving within the wall itself. 

The mosaic is not producing its own light. 

Instead, its makers have learned to work with the light already present. 

Byzantine mosaics provide a remarkable meeting place between art and materials technology. Their creators 

needed artistic judgement, but they also required practical knowledge of glass, stone, pigments, mortar and 

reflective surfaces. Long before modern optics could explain these effects mathematically, craftspeople had 

discovered through observation that the appearance of a surface depends upon its material, texture, colour, 

orientation and relationship with the light around it. 



Today we will enter that world. 

Key Terminology 

Light – electromagnetic radiation that can transfer energy through space; visible light is the small range of 

wavelengths detected by human eyes 

Reflection – the change in direction of light when it encounters a surface and returns into the surrounding 

medium 

Absorption – the transfer of light energy into a material rather than its reflection or transmission 

Transmission – the passage of light through a material 

Opaque – describing a material that does not transmit visible light through it 

Transparent – describing a material that allows much visible light to pass through so objects can be seen 

clearly through it 

Translucent – describing a material that transmits some light but scatters it so objects are not seen clearly 

through it 

Pigment – a coloured substance that selectively absorbs and reflects particular wavelengths of visible light 

Tesserae – the small pieces of glass, stone, ceramic or other materials arranged to form a mosaic 

Smalt – coloured glass used in mosaics and other decorative work 

 

B) Informational Story 

A Thousand Pieces of Light 

Anna had been told not to touch anything. 

Her father had repeated the warning as they entered the church, and the master mosaicist repeated it when 

they climbed onto the wooden scaffolding. 

“You may look as closely as you wish,” he told her, “but your hands remain behind your back.” 

Anna clasped them there obediently. 

At sixteen, she had spent enough time in her father's glass workshop to understand why craftsmen became 

nervous when curious visitors approached unfinished work. She also knew that curiosity was difficult to 

satisfy with one's hands politely folded behind one's back. 

Above her stretched the enormous interior of the church, where columns of coloured stone supported arches 

that seemed to gather the building upwards towards its dome. Far below, people crossing the floor appeared 

strangely small. 



The mosaicist was called Gregorios. He had spent most of his life decorating churches, and the work had left 

its traces upon him. His hands were rough from mortar and stone, while tiny cuts along his fingers revealed 

years of working with glass. 

He held a shallow tray towards Anna. 

Inside lay dozens of small squares. 

“Tesserae,” she said. 

“At least you know their name.” 

“My father makes glass.” 

“Then perhaps you know enough to be dangerous.” 

She smiled and examined the pieces without touching them. 

Some were deep blue, green or red. Others were pieces of pale stone, while several appeared to be gold. 

Anna leaned closer. 

“How do you make glass out of gold?” 

Gregorios laughed. 

“We do not.” 

He lifted one of the golden tesserae carefully. 

What Anna saw was not a solid cube of precious metal. Byzantine craftspeople could produce gold tesserae 

by placing an extremely thin layer of gold leaf between layers of glass. The glass protected the delicate 

metal while allowing its reflective surface to remain visible. 

A quantity of gold so thin that it could scarcely survive handling on its own could therefore cover a much 

larger visible area. 

Anna watched Gregorios turn the tessera towards the light. 

Its appearance changed immediately. 

“That is what I don't understand,” she said. “Sometimes the gold looks almost brown, but when I move it 

shines.” 

“Then perhaps you should ask the light.” 

Anna glanced towards the high windows. 

“I don't think it will answer.” 

“It already has.” 

 



What the Eye Receives 

To understand what Anna was seeing, we need to begin with something that seems almost too obvious to 

mention: we see an object only when light from that object enters our eyes. 

A gold tessera in complete darkness cannot be seen, however beautiful it may be. 

When visible light strikes a surface, several things may happen. Some wavelengths can be absorbed by the 

material, while others may be reflected. If the material permits it, some light may also pass through. 

The balance among these interactions helps determine what we see. 

A dark surface absorbs much of the visible light falling upon it and reflects comparatively little towards the 

observer. A pale surface generally reflects more. Coloured materials selectively absorb some wavelengths 

while reflecting or transmitting others, producing the colours perceived by our visual system. 

Yet colour is not simply a substance painted onto the world. 

It emerges from an interaction among light, material and observer. 

The colour of the incoming illumination influences what reaches the surface. The material then absorbs, 

reflects or transmits different portions of that light, and finally the eye and brain interpret the light that 

arrives. 

Anna did not know the modern language of wavelengths or electromagnetic radiation, but she had learned 

from childhood that glass changed dramatically with illumination. 

A blue glass fragment held before a bright window appeared luminous. Place the same piece against a dark 

wall, and its character changed. 

Material alone did not determine the experience. 

Light completed the work. 

 

A Wall That Refused to Stay Still 

Gregorios led Anna towards a section of mosaic already taking shape. 

“Look from here.” 

She did. 

A field of gold surrounded the figure being formed upon the wall. 

“Now move three steps to your left.” 

Anna obeyed. 

The gold changed. 

Some tesserae brightened, while others lost their brilliance. 



“Again.” 

She moved farther. 

Another group flashed into prominence. 

Anna looked more carefully and noticed something she had missed before. 

“They aren't flat.” 

Gregorios nodded approvingly. 

The individual pieces were not all positioned at exactly the same angle. Some tilted slightly upwards, others 

downwards or sideways. The differences were subtle enough that the completed surface still appeared 

unified, yet significant enough to change the way light travelled from each piece. 

When light strikes a reasonably smooth surface, its direction of reflection depends upon the angle at which it 

arrives. In a simplified description, the angle of incidence equals the angle of reflection, measured relative 

to an imaginary line perpendicular to the surface. 

A perfectly flat mirror therefore sends much of the reflected light in a predictable direction. 

A mosaic is different. 

Because thousands of tesserae can sit at slightly different angles, their reflective surfaces do not all direct 

light towards the same place. As an observer moves, one tessera may suddenly reflect light towards the eye 

while another turns comparatively dark. 

The mosaic seems to shimmer. 

Its appearance changes as people walk beneath it, and daylight moving across the building alters the effect 

again. 

Gregorios handed Anna a small piece of ordinary pale stone. 

“Which is brighter?” 

“The gold.” 

“Always?” 

Anna hesitated. 

He placed the stone directly in a shaft of sunlight and held the gold tessera at an angle that directed most of 

its reflected light elsewhere. 

For the moment, the stone appeared brighter. 

Anna laughed. “You cheated.” 

“I changed the conditions.” 

“That is cheating.” 

“That,” Gregorios replied, “is craftsmanship.” 



 

Smoothness, Roughness and Scattered Light 

He took her to another tray containing pieces of marble. 

“Look at their surfaces.” 

Some had been polished until they were smooth, while others remained rough. 

Anna turned one of the polished pieces beneath the light. 

The difference between smooth and rough surfaces introduces another important optical idea. 

On a smooth surface, reflected light tends to remain organised, producing what scientists call specular 

reflection. This is the kind of reflection that allows a polished metal surface or mirror to form a recognisable 

image. 

A rough surface contains countless tiny irregularities oriented in different directions. Light striking those 

microscopic surfaces is scattered more widely, producing diffuse reflection. 

Diffuse reflection is one reason we can see ordinary objects from many directions. A sheet of matte paper 

does not behave like a mirror, yet it reflects light towards observers across a broad range of positions. 

Neither form of reflection is automatically superior. 

Once again, usefulness depends upon purpose. 

A mosaicist might value the brilliant flash of a smooth gold surface in one place, while choosing stone or 

less reflective material elsewhere to create contrast. If every part of a composition reflected light equally 

strongly, the result could become visually confusing. 

Beauty often depends upon difference. 

Brightness becomes more noticeable beside shadow. 

Gold becomes more powerful beside deep blue. 

A luminous face can draw attention precisely because the surrounding material behaves differently. 

The artist works not only with what is present, but also with contrast. 

 

The Blue That Was Not Blue 

Anna returned to the tray and lifted her hand towards a deep blue tessera before remembering the rule. 

Gregorios noticed. 

“You may touch that one.” 

She picked it up. 



“My father says blue glass is difficult.” 

“He is correct.” 

“What makes it blue?” 

Now Gregorios shrugged. 

“Ask your father.” 

Modern chemistry can provide part of the answer. 

Pure glass is commonly made primarily from silica combined with other substances that lower the 

temperature required for processing and alter its properties. Colour can be introduced through particular 

metal-containing compounds and through carefully controlled manufacturing conditions. 

Cobalt compounds, for example, can produce intense blue colours in glass. Copper compounds can 

contribute blue-green or other colours depending upon their chemical form and the conditions in which the 

glass is made. Iron can produce green, yellow, brown or other tones. 

The colour is not produced because tiny particles of “blue” are simply hidden inside the glass. 

Instead, the electronic structures associated with particular atoms and ions interact selectively with visible 

light. Certain wavelengths are absorbed more strongly than others, while the light transmitted or reflected 

towards our eyes produces the colour we perceive. 

Anna held the blue tessera towards the window. 

Sunlight passed through its edges. 

The colour seemed to deepen. 

“How strange,” she said. 

“What is?” 

“The light enters without being blue, and leaves looking blue.” 

Gregorios smiled. 

“Perhaps the glass has taught the light manners.” 

It was not good physics, but Anna liked the sentence. 

 

Fire Before Beauty 

Later that afternoon, she returned to her father's workshop. 

The furnace heat met her before she reached the doorway. 

Her father, Stephanos, was working with a younger apprentice beside a glowing mass of glass. Anna had 

watched the process many times, yet after speaking with Gregorios she found herself seeing it differently. 



Glass began with materials that looked nothing like the finished object. 

Silica-rich material formed the principal network of many traditional glasses, while other ingredients altered 

melting behaviour and stability. Intense heating allowed the components to react and form a molten material 

that could be shaped before cooling into a rigid glass. 

Like pottery, glass-making depends upon heat-driven transformations. 

Yet glass and ceramic do not develop identical internal structures. 

Many common glasses cool into an amorphous solid, meaning that their atoms do not settle into the long-

range repeating crystal arrangement characteristic of many minerals. This contributes to the distinctive 

optical and physical properties that make glass so useful. 

Anna watched her father gather molten glass onto the end of a tool. 

The material glowed orange in the heat. 

“Gregorios says you should explain why blue glass is blue.” 

Her father did not look up. 

“Gregorios says many things when he wants someone else to do the difficult work.” 

“He said the light should explain gold.” 

“That sounds like him.” 

Anna watched the glass change shape under her father's hands. 

The process demanded timing. Too hot, and the glass could be excessively fluid; too cool, and it became 

difficult to work. The chemical composition influenced its melting behaviour and colour, while the cooling 

process affected the finished material. 

Once again, craftsmanship depended upon an accumulated understanding of relationships. 

The glassmaker learned to recognise how heat altered viscosity and how different mixtures behaved in the 

furnace. The mosaicist later needed to understand how the resulting colours and surfaces behaved in light. 

One craft became the starting point for another. 

 

A Face Made from Stone 

The following morning, Gregorios allowed Anna to watch as a face emerged within the mosaic. 

From the floor below, it would eventually appear smooth and unified. 

From the scaffolding, it seemed almost impossible that this could happen. 

A pale tessera formed part of a cheek. Beside it sat a slightly darker piece, followed by another with a 

warmer tone. Tiny fragments traced the curve beneath an eye, while darker pieces defined the brow and hair. 



Anna stepped backwards. 

The fragments became a face. 

She moved closer. 

The face dissolved into stones again. 

“That is extraordinary.” 

Gregorios nodded. “Distance completes it.” 

This effect does not depend upon one tessera pretending to be a whole face. Instead, the visual system 

integrates information from many neighbouring areas. At sufficient viewing distance, individual pieces 

become less visually distinct and the larger pattern dominates perception. 

The mosaic therefore had to be designed for the place from which people would actually see it. 

A detail that looked beautiful from the scaffolding might disappear completely from the floor. A line that 

seemed too broad at arm's length could become exactly right when viewed twenty metres away. 

Scale influenced design. 

So did architecture. 

A mosaic placed high within a curved dome required different decisions from one positioned at eye level. 

Light from nearby windows could determine which surfaces received illumination, while the curvature of 

the building altered viewing angles. 

The artwork could not be designed independently of its environment. 

 

When Gold Became More Than Gold 

By late afternoon, the sun had moved towards the west. 

Gregorios led Anna down from the scaffolding. 

“Now look.” 

She turned. 

The mosaic they had examined from only a few centimetres away had changed completely. 

Individual tesserae had disappeared into the larger image. Gold spread across the curved surface behind the 

figures, but it did not resemble a flat painted background. Small variations in angle caused points of light to 

appear and fade across it. 

Anna stood silently. 

Gregorios did not interrupt. 



The builders had controlled stone and mortar to create the architectural space. Glassmakers had learned to 

transform minerals through intense heat, while metalworkers had beaten gold until it became thin enough to 

rest between layers of glass. Mosaicists had then selected, cut and positioned thousands of pieces so that 

colour, texture and reflection worked together. 

No single material created the effect. 

Nor did a single scientific principle explain it. 

Chemistry shaped the glass and pigments. 

Physics governed the behaviour of light. 

Geometry influenced the placement and angle of surfaces. 

Human vision interpreted the resulting patterns. 

Craftsmanship brought these things together in service of an artistic purpose. 

Anna finally spoke. 

“It looks as though the wall is alive.” 

Gregorios considered her words. 

“No. The wall is stone and glass.” 

“I know.” 

“But perhaps good art can make stone and glass direct your attention beyond themselves.” 

That was closer to what Anna meant. 

 

Beauty as a Technology of Attention 

Byzantine churches were not decorated merely because their builders disliked empty walls. 

Images, colour, light, architecture and symbolism worked together to shape the experience of the people 

entering them. A worshipper did not encounter an isolated painting hanging in a neutral room. The whole 

space participated. 

The height of a dome drew the gaze upward. 

Gold reflected changing illumination. 

Figures and symbols carried theological meaning. 

The flickering light of lamps altered the appearance of surfaces. 

Chant filled the same architecture with sound. 

Materials were therefore being used to guide attention. 



In Lesson 13, we considered how environments can influence what human beings notice. Byzantine mosaic 

art provides a historical example of this principle embodied in physical design. 

The mosaicist could not force reverence into another person's heart, but the environment could encourage 

attention towards particular ideas. Beauty might invite someone to slow down, look carefully and consider 

what the imagery represented. 

This gives art a technological dimension that is easy to overlook. 

Technology is not limited to machines with gears, engines or electronic circuits. A technology is also a 

developed way of using knowledge, materials and processes to accomplish human purposes. 

By that definition, mosaic-making was a sophisticated technology. 

 

The Broken Tessera 

As they prepared to leave, Anna noticed a blue tessera lying on the floor. 

One corner had broken away. 

“Is this useless?” 

Gregorios examined it. 

“For the place I intended, yes.” 

He turned it between his fingers. 

“For somewhere else, perhaps not.” 

He placed it into another tray. 

A mosaic is built from pieces whose usefulness depends partly upon where they are placed. 

A fragment too irregular for one line might fit perfectly into another. A dark piece that seemed unattractive 

by itself could provide the contrast needed beside a brighter surface. 

Anna thought about the enormous image above them. 

No visitor standing below would admire every tessera individually. Most would never know which pieces 

were irregular or which had required unexpected adjustment. 

They would see the whole. 

Science often asks us to do both. 

We examine the piece closely enough to understand its properties, then step back far enough to understand 

the system in which it operates. 

A chemist may study the compounds producing colour in glass. 

A physicist may investigate how light reflects from a surface. 



A materials scientist may examine fracture, hardness or thermal behaviour. 

An artist asks how all those properties can be brought together so that the final work communicates 

something worth seeing. 

Different questions reveal different layers of the same created world. 

 

The Last Light 

Several weeks later, Anna returned to see the completed mosaic. 

The church was quiet, and evening had begun gathering beyond the windows. 

She stood where Gregorios had told her to stand. 

At first the gold appeared subdued. Then a shaft of late sunlight entered from one side of the building and 

reached the curved wall. 

The change was gradual. 

One region brightened, followed by another. Tesserae that had seemed almost dull began catching the light, 

while neighbouring pieces remained darker. As Anna shifted her position, the pattern changed again. 

She understood more now. 

She knew that the gold did not generate the light it seemed to possess. She knew that the angle of each 

surface influenced where reflected light travelled, and that the blue glass owed its colour to selective 

interactions between matter and visible wavelengths. She knew that smoothness, texture, transparency, 

absorption and reflection all contributed to what her eyes received. 

Yet the explanation had not diminished the experience. 

If anything, knowledge had enlarged it. 

What had once appeared to be simply a beautiful golden wall had become a meeting place of light, matter, 

human perception and centuries of accumulated skill. 

Anna thought of the craftsmen whose names would never be remembered. Someone had made the glass. 

Another had prepared the mortar. Someone had beaten the gold into impossibly thin leaf, while another pair 

of hands had cut each tessera and pressed it into position. 

Their work had required patience, knowledge and disciplined attention. 

The beauty did not appear despite the physical laws governing matter and light. 

It appeared through them. 

For Anna, this was the deepest discovery of all. The regularity of creation did not imprison human 

creativity; it made creativity possible. Because glass behaved consistently, it could be shaped with skill. 

Because light followed an ordered relationship when it met a surface, the mosaicist could position tesserae 

deliberately rather than merely hoping for beauty to occur. 



Creation possessed an intelligible order, and human beings were capable of learning enough about that order 

to work within it. 

Anna remained beneath the mosaic until the sunlight faded. 

The gold gradually darkened. 

The wall had not changed, but the light had. 

Tomorrow morning another pattern would begin. 

 

C) Narration 

Close the lesson before beginning your narration. 

Retell “A Thousand Pieces of Light” in your own words, explaining the scientific discoveries through 

Anna's experience rather than simply listing definitions. 

Your narration should demonstrate your understanding of: 

• how Byzantine mosaic makers used different materials  

• why gold tesserae change in brightness as the observer or light source moves  

• reflection, absorption and transmission  

• how smooth and rough surfaces reflect light differently  

• how coloured glass interacts selectively with visible light  

• why tesserae can appear as separate pieces close up but form a unified image from a distance  

• how chemistry, physics, materials technology and artistic design worked together  

• why greater scientific understanding increased Anna's appreciation of the finished mosaic.  

 

D) Thinking Questions 

Years 7–8 

1. How were some Byzantine gold tesserae constructed?  

2. Why did the same gold tessera appear bright from one position and darker from another?  

3. Explain the difference between reflection, absorption and transmission.  

4. How does a rough surface reflect light differently from a smooth surface?  

5. Why can coloured glass appear different under different lighting conditions?  

6. Why did Gregorios deliberately place tesserae at slightly different angles?  

7. Why did the face in the mosaic look different when Anna moved closer to it?  

8. Give two examples of ways the architecture of a church could influence the design of its mosaics.  

9. Why can mosaic-making reasonably be described as a technology?  

10. Explain the statement: “The beauty did not appear despite the physical laws governing matter 

and light. It appeared through them.”  

Years 9–10 

1. Explain how the law of reflection helps account for the changing brilliance of gold tesserae.  



2. Compare specular and diffuse reflection and explain how each could be useful to an artist.  

3. Why is it incomplete to say that an object “has” a colour without considering illumination and 

perception?  

4. Explain how selective absorption contributes to the colour of glass.  

5. How can metal-containing compounds alter the optical properties of glass?  

6. Why must a mosaicist consider viewing distance when choosing the size and arrangement of 

tesserae?  

7. Analyse the relationship between the mosaic and its architectural environment.  

8. How does Byzantine glassmaking illustrate interaction between technological knowledge and later 

scientific explanation?  

9. Why might craftspeople discover reliable optical effects without knowing modern electromagnetic 

theory?  

10. Explain how ordered physical behaviour can increase rather than restrict the possibilities available to 

designers.  

 

E) Practical Investigation – Reflection and Surface 

Angle 

You will investigate how changing the orientation of a reflective surface changes the direction in which light 

travels. 

Materials 

You will need: 

• a small mirror  

• white paper  

• ruler  

• protractor  

• pencil  

• torch  

• modelling clay or another safe way of holding the mirror upright  

• a dim room.  

Do not shine the torch into anyone's eyes, and never use sunlight for this investigation. 

Procedure 

1. Place the mirror vertically on a sheet of paper and draw a line showing its position.  

2. Mark the point where the torch beam will strike the mirror.  

3. Draw a line perpendicular to the mirror at this point. This is the normal.  

4. Direct the torch towards the mirror at an angle.  

5. Observe the direction of the reflected beam on the paper.  

6. Mark the incoming and reflected paths.  

7. Measure the angle between the incoming beam and the normal.  

8. Measure the angle between the reflected beam and the normal.  

9. Repeat the investigation using at least four different incoming angles.  

Record your results. 



Trial Angle of Incidence Angle of Reflection Difference 

1    

2    

3    

4    

 

F) Analyse and Evaluate 

1. What relationship did you observe between the angle of incidence and angle of reflection?  

2. Were your measurements exactly equal in every trial?  

3. What experimental errors could explain differences?  

4. How could you improve the precision of your measurements?  

5. Explain how your results relate to Gregorios placing tesserae at different angles.  

6. If every gold tessera in a large mosaic were perfectly parallel, how might its appearance differ?  

7. Why would a curved architectural surface complicate the direction of reflected light?  

Years 9–10 Extension 

Calculate the absolute difference between the incidence and reflection angles for each trial, then calculate 

the mean difference. 

Use your results to evaluate this claim: 

“The angle of incidence equals the angle of reflection.” 

Distinguish between the physical model expressed by the law of reflection and the uncertainty present in 

your measurements. 

 

G) Investigation – Smooth, Rough, Dark and Light 

Collect several safe materials with contrasting surfaces, such as: 

• aluminium foil  

• white paper  

• black paper  

• polished metal  

• rough stone  

• frosted plastic  

• clear plastic  

• coloured transparent material.  

Shine the same torch upon each material from approximately the same distance and angle. 

Observe whether the material: 

• produces a concentrated reflection  

• scatters light  

• absorbs much of the visible light  

• transmits light  



• appears brighter or darker when the viewing position changes.  

Construct a table classifying your observations. 

Then explain why a mosaicist might deliberately combine materials with different optical properties instead 

of creating the whole artwork from one highly reflective substance. 

 

H) Design & Technology Challenge – Design with 

Light 

Imagine that you have been commissioned to design a decorative mosaic panel for a building. 

Choose one location: 

• a high curved wall  

• a dim entrance  

• a wall opposite a large window  

• a brightly illuminated courtyard  

• a quiet prayer or reflection space.  

Your design must use at least three contrasting materials or surface types. 

For each choice, explain: 

1. the material or surface you would use  

2. whether it should be smooth, rough, transparent, translucent or opaque  

3. how you expect it to interact with light  

4. the viewing position from which it should be most effective  

5. why that optical effect contributes to the purpose of your design.  

Draw a labelled diagram showing the approximate directions of incoming and reflected light for at least one 

important feature. 

Years 9–10 Extension 

Explain one trade-off in your design. A highly reflective surface might create dramatic brilliance, for 

example, while also producing glare from particular viewing positions. A translucent material may create 

beautiful colour when illuminated from behind but have little effect when installed against an opaque wall. 

 

I) Science as a Human Endeavour – Knowledge 

Before Explanation 

Consider this question: 

Can people possess genuine technological knowledge without possessing a complete scientific 

explanation of why their technology works? 



Byzantine craftspeople could manufacture coloured glass, control kilns, create durable mosaics and 

manipulate reflected light without knowing about electromagnetic radiation, atomic structure or the modern 

chemistry of transition-metal ions. 

Their knowledge was nevertheless real. 

They observed. 

They compared results. 

They preserved successful techniques. 

Experienced craftspeople taught apprentices, who could refine the methods further. 

Modern science later provided explanations at levels inaccessible to those earlier makers. 

Write a short response explaining why the history of mosaics demonstrates that practical technological 

knowledge and theoretical scientific knowledge can develop along different pathways while still 

enriching one another. 

 

J) God’s Big Story Reflection – Beauty Within 

Order 

Read Psalm 19:1: 

“The heavens declare the glory of God; the skies proclaim the work of his hands.” 

The Psalmist looked towards the heavens and encountered beauty, but biblical wonder is not confined to 

things we cannot explain. 

A star remains magnificent when we understand something about nuclear fusion. 

A rainbow does not become less beautiful when we learn about refraction, reflection and dispersion. 

The shimmering gold of a Byzantine mosaic does not lose its beauty when we discover why light behaves as 

it does. 

Scientific understanding can give wonder greater depth. 

Creation – Order Makes Creativity Possible 

Anna's final discovery was that the mosaicist could create beautiful optical effects precisely because light 

behaves consistently. 

If reflected light behaved randomly from moment to moment, Gregorios could not have angled the tesserae 

with any purpose. If glass changed its properties unpredictably each time it was heated, generations of 

craftspeople could never have developed reliable methods for making it. 

The intelligibility of creation provides the foundation upon which human technologies are built. 



Artists work with colour because light and matter interact in ordered ways. Builders calculate structures 

because forces behave consistently, while musicians create harmony within the ordered relationships of 

sound. 

Human creativity does not need to escape the order of the physical world. 

It flourishes within it. 

Fall – Beauty Can Be Separated from Truth 

Beauty possesses great power over human attention, which means that it can also be misused. 

An attractive image can communicate something false. Beautiful design can persuade people to desire things 

that do not serve them well, while sophisticated visual technologies can manipulate attention without 

encouraging wisdom. 

The ability to create beauty therefore does not automatically give us wisdom about how that beauty should 

be used. 

As we discovered in our study of the brain, environments can direct attention. Art, architecture and digital 

media can all influence what people notice, remember and desire. 

The designer therefore carries responsibility for more than appearance. 

Redemption – Beauty That Directs Attention Towards What Is 

Good 

Gregorios understood his mosaic as something more than decoration. 

Its light, colour and imagery were intended to direct attention towards truths that the worshippers entering 

the church believed were greater than the materials themselves. 

Glass remained glass. 

Gold remained gold. 

Stone remained stone. 

Yet skilled hands could arrange those materials so that they served a purpose beyond their individual 

properties. 

Christian thought has long recognised that beauty can awaken gratitude, reverence and longing for what is 

good. Beauty cannot replace truth, nor can artistic experience by itself transform the human heart. 

Nevertheless, beauty may invite us to look more carefully at a world we have stopped noticing. 

Restoration – Seeing Creation with Renewed Eyes 

One danger of familiarity is that extraordinary things become invisible to us. 

We have seen sunlight so often that we may stop being astonished by it. We have lived with colour since 

childhood, so the interaction of light, matter, eye and brain can seem ordinary. 

Science gives us an opportunity to look again. 



The gold tessera becomes more fascinating when we understand why its brightness changes with angle. Blue 

glass becomes more remarkable when we recognise that its colour emerges through interactions occurring at 

scales far below our vision. 

Anna discovered that explanation and wonder need not compete. 

The more carefully she understood the mosaic, the more there was to see. 

Perhaps this is one of the great privileges of studying science within God's world. We can look closely 

enough to investigate mechanisms while still stepping back far enough to behold the whole. 

The scientist may ask how light behaves. 

The artist may ask how light can be used. 

Wisdom asks what our knowledge and creativity should serve. 

Reflection Question 

Respond in your Science Journal: 

Choose one scientific explanation from this lesson that increased rather than diminished your 

appreciation of beauty. Explain what you now understand and why knowing more makes the 

phenomenon more remarkable to you. 

 

K) Portfolio Evidence 

Retain the following in your Science, Technology & Health Portfolio: 

• narration of “A Thousand Pieces of Light”  

• responses to the Thinking Questions  

• reflection-angle investigation and data table  

• analysis and evaluation of your results  

• surface-properties investigation  

• mosaic design with labelled light pathways  

• Science as a Human Endeavour response  

• God’s Big Story Reflection.  

 

L) Australian Curriculum v9 Mapping 

Code Full Content Description Justification 

AC9S9U04 

use wave and particle models to describe energy transfer through different 

mediums and explain the usefulness of each model for understanding 

phenomena 

Students investigate the behaviour of visible light as it interacts 
with glass and other surfaces. The lesson contributes to this 

description through reflection, absorption and transmission, 

although it does not claim to complete the full wave-and-
particle-model requirement. 

AC9S9H02 
investigate how advances in technologies enable advances in science, and how 

science has contributed to developments in technologies and engineering 

Students examine historical glassmaking and mosaic 

technology alongside later scientific explanations of light and 
material behaviour. 

AC9S9I02 

plan and conduct valid, reproducible investigations to answer questions and 

test hypotheses, including identifying and controlling for possible sources of 

error and, as appropriate, developing and following risk assessments, 

considering ethical issues, and addressing key considerations regarding 

heritage sites and artefacts on Country/Place 

Students conduct a controlled investigation of incidence and 
reflection while considering measurement precision and 

sources of error. 



Code Full Content Description Justification 

AC9S9I03 
select and use equipment to generate and record data with precision to obtain 

useful sample sizes and replicable data, using digital tools as appropriate 

Students use a protractor, ruler, mirror and light source to 

generate repeated quantitative measurements. 

AC9S9I04 

select and construct appropriate representations, including tables, graphs, 

descriptive statistics, models and mathematical relationships, to organise and 

process data and information 

Students tabulate incidence and reflection measurements and 
use diagrams to represent light pathways. 

AC9S9I06 
assess the validity and reproducibility of methods and evaluate the validity of 

conclusions and claims, including by identifying assumptions, conflicting 

evidence and areas of uncertainty 

Students compare their measurements with the expected law of 

reflection and account for experimental uncertainty rather than 

assuming imperfect measurements disprove the scientific 
relationship. 

AC9S10H02 
investigate how advances in technologies enable advances in science, and how 

science has contributed to developments in technologies and engineering 

Year 10 students consider how practical knowledge of glass, 

pigments and reflective surfaces preceded some modern 
scientific explanations and how later science has deepened 

materials technology. 

AC9S10I02 

plan and conduct valid, reproducible investigations to answer questions and 

test hypotheses, including identifying and controlling for possible sources of 

error and, as appropriate, developing and following risk assessments, 

considering ethical issues, and addressing key considerations regarding 

heritage sites and artefacts on Country/Place 

Students conduct a repeatable investigation into reflected light 
using controlled procedures. 

AC9S10I03 
select and use equipment to generate and record data with precision to obtain 

useful sample sizes and replicable data, using digital tools as appropriate 

Students obtain repeated angular measurements and consider 

precision. 

AC9S10I04 

select and construct appropriate representations, including tables, graphs, 

descriptive statistics, models and mathematical relationships, to organise and 

process data and information 

Students organise quantitative evidence and create models 

showing relationships among surface orientation, incident light 

and reflected light. 

AC9S10I06 

assess the validity and reproducibility of methods and evaluate the validity of 

conclusions and claims, including by identifying assumptions, conflicting 

evidence and areas of uncertainty 

Students evaluate discrepancies between experimental 

measurements and the theoretical relationship expected from 

the law of reflection. 

  



TOPIC 

7 

THE TECHNOLOGY OF 

CATHEDRALS 

 

Lesson 19 – Engineering the Impossible: Hagia 

Sophia, Domes & the Journey of Force 

Theme: Forces, Structure and the Architecture of Wonder 

Character Focus: Honour & Reverence – recognising that great buildings arise when human creativity 

works intelligently within the dependable laws of the created world, and that engineering skill carries a 

responsibility to serve people and worthy purposes. 

Learning Objectives 

By the end of this lesson, you should be able to: 

• explain how gravity, compression, tension and thrust influence large structures  

• describe how arches, piers, semi-domes and pendentives help transfer forces through a domed 

building  

• apply Newton's laws of motion to the behaviour of stationary structures  

• explain why a structure may remain motionless even though large forces are acting upon it  

• analyse how material properties, geometry and mass influence architectural stability  

• investigate how different structural shapes carry and distribute loads  

• develop and test a model structure, using evidence from its performance to improve the design  

• appreciate how Byzantine builders combined mathematical thought, accumulated building 

knowledge and bold imagination to create architecture intended to inspire worship.  

 

A) Introduction – How Do You Hold Up a 

Mountain? 

Imagine placing an enormous mass of masonry high above a crowded room and then removing almost every 

support from the space beneath it. 

The roof presses downward because gravity acts upon every kilogram of its mass, yet the people below need 

enough open space to gather and worship. Thick supporting walls could hold up a heavy roof, but an interior 

crowded with massive masonry would destroy the spaciousness the architect hoped to create. Large 

windows invite light into the building, although every opening also removes material that might otherwise 

help carry a load. 

Architecture therefore begins with possibility, but it quickly encounters physical constraints. 

The Primary course introduces cathedral architecture through forces, balance and load, together with the 

idea that large structures must be designed as integrated systems rather than collections of decorative 



features. For this secondary lesson, we will enter the Byzantine world and examine one of history's most 

daring responses to that challenge: Hagia Sophia in Constantinople. 

Commissioned by Emperor Justinian I and designed by Anthemius of Tralles and Isidore of Miletus, the 

great church was constructed between AD 532 and 537. Its architecture became profoundly influential, 

particularly because of the way an immense central dome was carried over a square space through arches 

and pendentives.  

Before we begin, remember that a building standing perfectly still is not a building without forces. 

Quite the opposite is true. 

A successful structure may be carrying enormous loads every second of every day; its apparent stillness 

arises because those forces are being resisted, redirected and balanced. 

Key Terminology 

Force – a push or pull that can change an object's motion or deform it 

Load – a force or collection of forces that a structure must support 

Dead load – the permanent weight of the structure itself 

Live load – loads that can change, such as people, furnishings or temporary equipment 

Compression – forces that push or squeeze material together 

Tension – forces that pull material apart 

Thrust – a pushing force transmitted through a structure, often sideways as well as downward 

Arch – a curved structure that transfers loads mainly through compression towards its supports 

Pier – a massive vertical support carrying loads from arches, vaults or other parts of a building 

Dome – a curved roof structure spanning an area in several directions 

Pendentive – a curved triangular structural surface that allows a circular dome to be supported above a 

square arrangement of arches or piers 

Equilibrium – a condition in which the overall forces and turning effects on a structure are balanced, so 

there is no resulting acceleration 

 

 

 

 

 

 

 

 

 

 



B) Informational Story 

The Dome Above the City 

The first thing Stephanos noticed was not the dome. 

It was the noise. 

Hundreds of workers filled the construction ground with the sounds of chisels striking stone, ropes 

tightening around timber, carts groaning beneath loads and foremen calling instructions above the restless 

movement. Somewhere beyond the rising walls, another shipment of material was arriving from the harbour, 

while teams of labourers manoeuvred timber through spaces already crowded with scaffolding. 

Stephanos stood near the entrance and stared upward. 

His uncle Leon, a builder who had spent much of his adult life working on imperial projects, watched him 

with amusement. 

“You have forgotten how to speak.” 

“I was trying to decide where the roof is going.” 

“Up.” 

Stephanos gave him a tired look. 

“I can see that.” 

“Then you have already learned something.” 

It was AD 534, only two years after construction had begun on the enormous new church ordered by 

Emperor Justinian. The earlier church on the site had been destroyed during the Nika riots, and what was 

now rising in its place would become something far more ambitious. 

Stephanos had seen large basilicas before. Their roofs were impressive, but understandable. Walls supported 

columns, columns supported beams or arches, and roofs rested upon the structure below. 

Here, however, the builders seemed intent upon making stone and brick behave as though they had forgotten 

their own weight. 

At the centre of the design would rise a vast dome above an open square space. 

Stephanos pointed towards the four immense piers. 

“Those support it?” 

“Ultimately, much of the load must find its way through them and the surrounding structure towards the 

ground,” Leon replied. 

“Then why not simply make four enormous walls?” 

“Because Justinian did not commission an enormous stone box.” 



Leon led him farther inside. 

“Architecture is the art of making material do enough without making it do everything everywhere.” 

Stephanos did not completely understand the sentence, although he remembered it for years. 

 

A Building Begins with Gravity 

Every part of Hagia Sophia possessed mass, and the Earth's gravitational field pulled that mass downward. 

The roof therefore exerted force upon whatever supported it. Beneath the roof came arches, piers and 

foundations, each carrying not only its own weight but also some portion of the structure above. 

Modern engineers describe the permanent weight of walls, roofs, columns and other fixed components as the 

dead load. Other forces vary with circumstances: people enter and leave, winds press against exposed 

surfaces, snow may accumulate in colder climates, while earthquakes can make the ground itself move 

beneath a building. 

A monumental structure must therefore do more than remain upright on a calm afternoon. It needs sufficient 

strength and stability to withstand a range of conditions over time. 

Leon picked up a rectangular stone from beside the work area and placed it flat across two smaller blocks. 

“Press in the centre.” 

Stephanos pushed downward. 

The stone resisted. 

“Harder.” 

He increased the force. 

“What are you trying to show me?” 

“That a straight beam spanning a gap bends under load. The upper region is compressed while the lower 

region experiences tension.” 

Stone is generally very strong when compressed, especially when loads pass through it in favourable 

directions. Under tension, however, masonry is much less capable. If bending produces enough tensile 

stress, cracks may develop and eventually propagate through the material. 

“So the problem is the empty space underneath,” Stephanos said. 

“The empty space is the reason we build.” 

Leon rearranged several wedge-shaped blocks into a rough arch. 

“Now press.” 

The force travelled differently. 



Instead of acting like a horizontal beam trying to bend across the opening, the curved arrangement guided 

much of the load through the wedge-shaped pieces towards the supports. Each block pressed against its 

neighbours, allowing stone to perform in the condition it handles especially well: compression. 

Stephanos looked through the opening beneath the arch. 

“So the curve creates space by changing the path of the force.” 

Leon nodded. “Now you are beginning to think like a builder.” 

 

When Downward Force Becomes Sideways Thrust 

An arch solves one problem while introducing another. 

As the load travels through its curved form, the supporting sides experience outward thrust. Unless that 

thrust is resisted, the supports may spread apart and the arch can fail. 

This meant that Leon's simple statement about forces travelling “towards the ground” concealed a much 

more intricate journey. Gravity provided the overall downward loading, but geometry determined how 

forces were redirected through the building before they reached the foundations. 

Massive piers could resist some of the outward push. Adjacent structural elements might help counter it, 

while semi-domes and substantial external masses could participate in transferring and balancing loads 

across the wider building. 

Hagia Sophia was therefore not merely a dome resting upon four columns. 

Its stability depended upon an interconnected structural system. 

UNESCO engineering documentation describes the main dome as being carried over four huge piers, with 

pendentives and arches helping transfer vertical loads towards those supports. Semi-domes and abutments 

contribute to resisting the outward forces generated by the central structure.  

Stephanos, of course, knew none of the terminology used by modern structural engineers. What he could see 

was that the building behaved more like a body than a pile. 

One part depended upon another. 

 

The Puzzle of the Circle and the Square 

Several days later, Leon took his nephew to a wooden model. 

“Here is your next problem.” 

The model contained four large arches arranged around a square central space. 

“Put a circular dome on top.” 

Stephanos examined it. 



“A circle does not sit on a square.” 

“Yet the building requires exactly that.” 

A conventional dome sits most naturally upon a circular wall or ring. Hagia Sophia's designers wanted the 

central dome to rise above a square arrangement defined by four great arches and supporting piers. 

Between circle and square lay awkward empty corners. 

The solution was the pendentive. 

A pendentive is a curved triangular surface occupying the transition between the upper circular base of a 

dome and the arches below. Rather than treating the mismatch between circle and square as an 

inconvenience to hide, Byzantine engineering transformed the geometry itself into a load-bearing solution. 

Stephanos ran his hand over the model's curved corner. 

“It is part triangle and part dome.” 

“Your geometry teacher would object to that description.” 

“But he would understand what I mean.” 

“Yes, and that is sometimes the beginning of engineering.” 

Through the pendentives, forces from the dome could be guided towards the major supporting arches and 

piers. The four corners that appeared troublesome when considered in two dimensions became useful 

structural surfaces in three. 

For Stephanos, there was something almost playful about the idea. 

A square could carry a circle because someone had understood the space between them. 

 

Newton in a Byzantine Church 

The builders of Hagia Sophia lived more than a thousand years before Isaac Newton formulated his laws of 

motion, yet the structure they created behaved according to those laws just as every modern building does. 

Newton's first law tells us that an object's motion changes only when a resultant external force acts upon it. 

A stationary stone remains at rest when the overall forces acting upon it are balanced. 

Newton's second law, often written as F = ma, connects resultant force, mass and acceleration. When the 

forces on a structural element are balanced, the resultant force is zero and there is no acceleration. 

This does not mean the individual forces have disappeared. 

Consider one heavy block within an arch. Gravity pulls it downward, while neighbouring masonry presses 

against it and supporting surfaces exert forces in response. Provided those interactions produce equilibrium, 

the block remains motionless despite experiencing substantial forces. 

Newton's third law becomes equally important wherever structural elements press against one another. If 

one stone exerts a force upon another, the second exerts an equal and opposite force upon the first. 



Buildings therefore remain standing through interaction. 

Loads are transferred from one component into another, and each connection becomes part of a chain 

extending towards the foundations and finally into the ground. 

Stephanos saw only stones pressing against stones. 

Modern physics allows us to see the invisible conversation of forces taking place between them. 

 

The Dome Begins to Float 

By the time the central structure rose higher, Stephanos returned almost every week. 

One morning, sunlight entered through the developing ring of windows near the base of the dome. 

He stopped. 

“What have they done?” 

Leon looked upward. 

“To what?” 

“The dome. It looks lighter.” 

Nothing about the mass of the masonry had magically changed, but the architecture was beginning to alter 

Stephanos' perception of it. 

A series of windows around the base allowed light to enter beneath the great curved surface. The illuminated 

openings visually interrupted the heavy line where a viewer might expect the dome to meet its supports, 

creating the impression that the vast roof was hovering above the interior. 

Here engineering and aesthetics began to merge. 

The windows served practical and symbolic purposes, but their inclusion also demanded careful structural 

judgement. Every opening in masonry removes material, so windows cannot be placed without considering 

the forces passing through the surrounding structure. 

The designers therefore had to reconcile several ambitions. They wanted a vast central space with abundant 

light, while the building still required enough masonry and structural support to carry its immense loads. 

Those two goals interacted with a third challenge: the whole composition was intended to create an interior 

unlike an ordinary hall. 

Architecture was solving physical problems in pursuit of human meaning. 

The Primary course describes this relationship as designing simultaneously for stability, light and purpose. 

Hagia Sophia offers a particularly powerful Byzantine expression of that principle. 

 

 

 



Materials Cannot Be Ignored 

“Could you build the dome twice as wide?” Stephanos asked one afternoon. 

Leon considered the question. 

“With the same materials, the same thickness and the same supports?” 

“Yes.” 

“Not merely because you wish to.” 

As structures become larger, their engineering challenges do not increase in a simple one-to-one manner. 

A longer span changes how forces travel. Increasing dimensions often adds substantial mass, which 

increases gravitational loading, while greater height can alter stability and exposure to lateral forces. A form 

that performs adequately at a small scale may therefore require substantial redesign when enlarged. 

Material properties place additional constraints upon ambition. 

Brick and stone can carry substantial compression, yet masonry performs poorly when significant tension 

develops. Mortar joins units together and helps distribute contact forces, although its strength and long-term 

behaviour influence the wider assembly. 

For Hagia Sophia's builders, geometry could reduce some difficulties by guiding forces along favourable 

paths, while careful choices about thickness, supporting masses and construction technique helped the 

structure carry the remaining loads. 

Engineering skill lies partly in understanding that shape and material cannot be designed independently. 

A form that suits timber may be unsuitable for masonry, while a steel structure can employ slender tensile 

members that would be impossible in ordinary stone construction. 

Stephanos had initially believed architecture was mostly the art of deciding what a building should look like. 

Under Leon's teaching, he gradually understood that the desired appearance had to negotiate constantly with 

material reality. 

 

When the Earth Refuses to Stay Still 

For all its brilliance, Hagia Sophia also teaches a humbling lesson. 

Buildings are not designed upon an unmoving mathematical page. They exist in the physical world. 

Constantinople lies within a region affected by earthquakes, and Hagia Sophia experienced serious structural 

damage during its long history. The original dome suffered partial collapse after earthquakes in the sixth 

century and was subsequently rebuilt in altered form.  

An earthquake changes the problem dramatically because the ground beneath the building accelerates. The 

structure's mass resists that sudden change in motion through inertia, producing dynamic forces that differ 

greatly from the relatively steady downward effects of its own weight. 



A heavy roof that behaves predictably under normal gravity can become much more challenging when its 

supports move sideways beneath it. 

The event would have been terrifying to anyone inside. 

For engineers, however, failure also becomes evidence. 

A collapse reveals where a structural system was vulnerable. Cracks record the directions in which stresses 

accumulated, while damaged supports can show where loads were not accommodated successfully. 

Human engineering progresses partly through success and partly through the sober examination of what did 

not succeed. 

That does not make failure desirable. When buildings collapse, people may suffer or die, which gives 

structural engineering a profound ethical dimension. Learning from failure is therefore not an abstract 

exercise; it is part of the responsibility engineers carry towards those who trust their designs. 

 

A Model Is Not the Building 

Leon once gave Stephanos another model, this one made of thin pieces of wood. 

“Break it.” 

Stephanos looked suspicious. 

“After all the work you put into making it?” 

“That is why I made it.” 

He loaded the small arch until one side shifted and the structure collapsed. 

Stephanos stared at the scattered pieces. 

“You knew that would happen.” 

“I suspected where it would happen. Now I know more.” 

Models allow designers to explore ideas without risking a full-scale building. 

Modern engineers use mathematical models, computer simulations, scaled physical structures and material 

testing to predict how a design may behave. None reproduces reality perfectly, because a model always 

simplifies something. A cardboard arch, for example, does not possess the same density, friction, stiffness or 

failure behaviour as Byzantine masonry. 

Even so, a carefully chosen model can reveal relationships. 

It may show how an arch generates outward thrust, how wider supports improve stability or why changing 

geometry alters the path of a load. 

The usefulness of a model therefore depends upon knowing both what it represents and what it leaves out. 

Stephanos rebuilt the little arch. 



This time he strengthened the sides before adding the load. 

The structure carried more. 

He smiled. 

“Better.” 

Leon nodded. 

“Now ask why.” 

 

More Than a Roof 

Years passed, and Stephanos grew old enough to remember when Hagia Sophia had been only scaffolding, 

dust and possibility. 

When he entered the completed building, what struck him most was how difficult it had become to separate 

the engineering from the experience. 

The great arches carried forces, but they also framed the interior. 

Pendentives transferred loads from dome to piers, while their curved surfaces became part of the visual 

transition towards the heavens above. 

Windows reduced the apparent weight of the dome and filled the interior with changing light. 

Semi-domes strengthened the wider structural composition, yet they also opened the space outward in a 

sequence of expanding forms. 

A building designed only to remain standing could have been much simpler. 

Hagia Sophia had another purpose. 

The Byzantine architects were creating a worship space intended to overwhelm ordinary expectations of 

scale, light and enclosure. Stone and brick were being organised so that people entering the church felt 

drawn into something larger than the practical business of shelter. 

The technology served meaning. 

This is one reason the building's influence spread so widely. UNESCO describes Hagia Sophia as a major 

architectural masterpiece and notes that it became a model for an extensive family of later churches and 

mosques.  

The building's significance did not arise because its engineers had somehow defeated gravity. 

They had done something more intelligent. 

They had learned to work with it. 

 



The Weight Above Him 

One evening, Stephanos stood beneath the dome while lamps flickered around the great interior. 

For the first time, he tried to imagine the forces rather than the surfaces. 

The dome pressed into its supporting system, and the geometry redirected those forces through arches and 

pendentives. Massive piers carried concentrated loads towards the ground, while surrounding structures 

resisted outward thrust and helped stabilise the whole. 

Nothing floated. 

Every kilogram was accounted for somewhere in the physical system. 

Yet the result did not feel heavy. 

Stephanos smiled at the paradox. 

The builders had not made stone weightless; through knowledge, proportion and disciplined imagination, 

they had arranged heavy materials so beautifully that the visitor could forget their burden. 

His uncle had once told him that architecture involved making material do enough without demanding that it 

do everything everywhere. He understood the sentence now. 

Strength had been distributed. 

No stone supported the entire church, and no arch could stand without the structures receiving its thrust. The 

dome depended upon pendentives, arches and piers, which in turn depended upon foundations and ground. 

The building was magnificent because its elements worked together. 

For Stephanos, there was something deeply fitting about such architecture within a place of Christian 

worship. 

Creation itself seemed full of relationships in which order made possibility fruitful: laws of motion allowed 

structures to be predicted, stable material properties permitted craftsmanship to develop, and human minds 

could discover enough of those regularities to imagine something new. 

The physical laws were not obstacles that the architects overcame. 

They were the dependable order within which architecture became possible. 

Stephanos lifted his eyes towards the dome, where the final light of the day was fading around the windows. 

He knew enough now to understand that there was no magic holding it above him. 

What he saw instead was more satisfying: geometry guiding force, material answering load, craftsmanship 

refined by experience, and generations of human knowledge gathered into one astonishing space. 

Wonder had survived explanation. 

Indeed, explanation had given it deeper foundations. 

 



C) Narration 

Close the lesson before beginning your narration. 

Retell “The Dome Above the City” in your own words. Rather than producing a list of architectural terms, 

explain the scientific discoveries through Stephanos' growing understanding of the building. 

Your narration should demonstrate that you understand: 

• why a building can remain motionless while enormous forces act upon it  

• why arches are particularly useful in masonry construction  

• how compression and tension differ  

• why an arch produces outward thrust as well as carrying loads downward  

• how pendentives help connect a circular dome with a square arrangement of supports  

• how piers, arches, pendentives and surrounding structures act together as a system  

• how Newton's laws can be applied to stationary architecture  

• why windows, scale, material choice and structure cannot be considered independently  

• how the engineering of Hagia Sophia contributed to the experience and meaning of the building.  

 

D) Thinking Questions 

Years 7–8 

1. Why did Stephanos find the idea of supporting the great dome difficult to understand at first?  

2. Explain the difference between compression and tension.  

3. Why does an arch allow stone to span an opening more successfully than a simple flat stone beam of 

similar dimensions?  

4. What is outward thrust, and why must a builder consider it?  

5. Describe the purpose of a pendentive.  

6. Why were massive piers important in Hagia Sophia?  

7. How could adding windows improve the experience of the interior while also creating an engineering 

challenge?  

8. Why might a structure that works as a small model need to be redesigned before being enlarged?  

9. What can engineers learn from a structural failure?  

10. Explain how the architecture of Hagia Sophia served both physical and human purposes.  

Years 9–10 

1. A stone within an arch remains stationary despite the force of gravity acting upon it. Use Newton's 

first and second laws to explain how this is possible.  

2. How does Newton's third law apply where two structural elements press against one another?  

3. Explain why masonry architecture generally attempts to keep stone and brick predominantly under 

compression.  

4. Trace a possible load path from the dome of Hagia Sophia towards the ground.  

5. Why do the outward forces generated by arches and domes require substantial supporting structures?  

6. How do pendentives solve both a geometric and structural problem?  

7. Explain why increasing the size of a building does not necessarily allow every dimension simply to 

be enlarged by the same proportion.  

8. Why are earthquakes particularly challenging for large masonry structures?  



9. What can a scaled physical model tell an engineer, and what important information might it fail to 

reproduce?  

10. Evaluate the statement: “The architects of Hagia Sophia did not defeat gravity; they designed 

intelligently within it.”  

 

E) Practical Investigation – Which Shape Carries 

the Load? 

In this investigation you will compare a flat span with a curved structural form. 

Materials 

You will need: 

• identical strips of card or thin cardboard  

• two equal stacks of books or blocks to act as supports  

• small identical masses such as washers, coins or blocks  

• ruler  

• masking tape if required  

• Science Journal.  

Part 1 – Flat Span 

1. Position the two supports a measured distance apart.  

2. Place one strip of cardboard flat across the opening.  

3. Add identical masses gradually near the centre.  

4. Record the mass or number of units supported before the span bends significantly or fails.  

5. Repeat the trial at least three times using fresh strips of the same material.  

Part 2 – Curved Span 

Shape an identical strip into an arch between the same supports. You may need small pieces of card or 

blocks to resist the outward movement at its base. 

Repeat the loading procedure, keeping the span width and load placement as consistent as possible. 

Structure Trial 1 Trial 2 Trial 3 
Mean Load 

Supported 

Flat span 
 

  

   

Curved span 
 

  

   

Important Scientific Caution 

A cardboard arch is not a miniature masonry arch. Cardboard bends and carries tension differently from 

stone or brick, while friction, joints and the shape of voussoirs are absent from your model. 

Your experiment can nevertheless help reveal how geometry alters structural behaviour, provided you do not 

assume that every observation transfers directly to full-scale masonry. 



 

F) Analyse Your Results 

Answer the following questions: 

1. Which structure supported the greater load?  

2. How did the flat span deform as additional load was applied?  

3. What happened at the bases of the arch?  

4. Did the arch attempt to push its supports outward?  

5. How did strengthening the supports affect its performance?  

6. Were the results consistent across repeated trials?  

7. Identify two sources of uncertainty or experimental variation.  

8. Which aspects of a Byzantine arch were represented reasonably well by your model?  

9. Which important features were absent?  

10. What modification would you test next?  

Years 9–10 Extension 

Calculate the mean failure load for each structure and the percentage difference between them. 

Then write a conclusion that distinguishes between: 

• what your data demonstrated  

• what you can reasonably infer  

• what would require additional testing before you could make a stronger claim.  

 

G) Engineering Challenge – Carry the Dome 

Your task is to create a model capable of supporting a small “dome” or roof above an open square space. 

Design Requirements 

Your structure must: 

• use four principal supports  

• leave a reasonably open area beneath the roof  

• carry a small test load  

• resist obvious outward spreading  

• include some form of transition between the square supports and the roof above  

• use only the agreed classroom materials.  

Possible materials include cardboard, paper, straws, wooden craft sticks, tape and modelling clay. 

Design Process 

Before building, sketch your proposed structure and identify: 

• where the load will begin  

• how you expect the forces to travel  

• which elements are primarily compressed  



• where outward thrust may develop  

• how you will resist that thrust.  

Build your first design and test it gradually rather than loading it suddenly. 

After the test, identify one weakness and redesign that feature. 

Evaluation 

Compare Version 1 and Version 2 of your structure. 

Explain which modification produced the greatest improvement and why you think it worked. 

 

H) Applying Newton's Laws to Architecture 

Choose three structural situations from this lesson and explain each using Newton's laws. 

You might choose: 

• a stone resting within an arch  

• a pier supporting an arch  

• the ground supporting a building  

• lateral movement during an earthquake  

• a loaded model beginning to collapse.  

For each situation, identify the relevant forces and explain whether the object is: 

• in equilibrium  

• accelerating  

• deforming  

• beginning to fail.  

Years 9–10 Extension 

For a simplified structural element with a mass of 50 kg, calculate its weight using: 

Weight = mass × gravitational acceleration 

Use g = 9.8 m/s². 

Then explain why knowing only the total weight is not enough to determine whether a real structural 

element will fail. Your explanation should consider at least two of the following: 

• direction of force  

• cross-sectional area  

• material properties  

• bending  

• support conditions  

• load concentration.  

 



I) Science as a Human Endeavour – Before 

Modern Structural Engineering 

Anthemius of Tralles and Isidore of Miletus did not have computer modelling, strain gauges, reinforced 

concrete or Newton's equations. Nevertheless, the construction of Hagia Sophia required sophisticated 

geometrical thinking and accumulated knowledge about the behaviour of masonry. 

Write a short response to the following question: 

How can people develop advanced engineering technologies before possessing the modern scientific 

theories that later explain them? 

In your answer, consider how builders may learn through: 

• accumulated experience  

• measurement  

• geometry  

• observation of successful structures  

• comparison of failures  

• models  

• skilled craft traditions  

• knowledge passed between generations.  

The point is not that Byzantine engineers secretly knew modern physics. Their achievements show instead 

that technological knowledge can develop through careful interaction with the physical world, while later 

scientific theories provide a more systematic explanation of why many successful practices work. 

 

J) God’s Big Story Reflection – Building Within an 

Ordered Creation 

Read Psalm 111:2: 

“Great are the works of the Lord; they are pondered by all who delight in them.” 

A building such as Hagia Sophia invites admiration for human ingenuity, but its engineering also raises a 

deeper question: Why is engineering possible at all? 

Human beings can design because the physical world exhibits regularities that can be investigated, 

remembered and applied. 

Creation – An Intelligible World 

Imagine trying to build if gravity behaved differently from one hour to the next, or if the strength of stone 

changed unpredictably whenever it was touched. Engineering would become almost impossible because 

yesterday's experience would provide little guidance for tomorrow's design. 

Instead, creation displays a dependable order. 



Gravity acts consistently enough to be measured. Materials exhibit properties that can be tested, while 

geometric relationships remain reliable whether an arch is drawn upon parchment or constructed in masonry. 

The architects of Hagia Sophia could therefore learn from earlier Roman and Byzantine structures, modify 

established forms and attempt something more ambitious. 

For a Christian student, this intelligibility of nature gives scientific investigation a profound foundation. We 

study creation with the expectation that careful observation can reveal patterns because the world is not 

meaningless chaos. 

Fall – Brilliant Designs Can Still Fail 

Order in creation does not mean that human beings understand it perfectly. 

Hagia Sophia itself carries evidence of the limitations of engineering. Earthquakes damaged the structure, 

and parts of the great dome required rebuilding during its history. Human knowledge remains partial, 

materials deteriorate, unexpected conditions arise and errors sometimes have serious consequences. 

Acknowledging those limitations should not diminish the achievement. Instead, it encourages humility. 

Engineers are entrusted with people's safety, which means confidence must be accompanied by testing, 

review and willingness to learn. A designer who refuses to consider failure is not demonstrating courage but 

neglecting responsibility. 

Redemption – Knowledge Placed in Service 

Scientific and technological knowledge become most worthy when they are used to serve. 

Architecture can provide shelter, gathering places, hospitals, schools and places of worship. Engineering can 

bring clean water, strengthen transport systems and protect communities from natural hazards. 

The same abilities can also be used for vanity, domination or destruction, so technical brilliance alone 

cannot tell us whether a project deserves to be built. 

Hagia Sophia was created as a place of Christian worship. Its architects used geometry, masonry and light 

not merely to construct an enclosed volume but to form a space intended to turn people's attention towards 

God. 

This gives us an important distinction. Technology tells us something about how a purpose may be 

accomplished; wisdom must also consider whether that purpose is worthy. 

Restoration – Strength Through Relationship 

Perhaps one of the most striking lessons in the building is the way its strength arises from cooperation 

among different parts. 

The dome does not stand independently above the church. Its loads are received through a wider structural 

network in which pendentives, arches, piers, semi-domes and foundations each perform their own role. 

A single element cannot claim the achievement for itself. 

Christian teaching frequently uses the image of many parts belonging to one body, each contributing 

differently to the whole. A building is not a person, and structural engineering should not be forced into a 



spiritual allegory, yet the comparison can still sharpen our attention to a recurring truth: strength often 

emerges through rightly ordered relationships rather than isolated power. 

As Stephanos finally understood, the architects had not overcome the laws governing the world. They had 

observed those regularities carefully enough to work within them, bringing mathematical insight, materials 

and craftsmanship together until immense weight could be carried with surprising grace. 

Scientific understanding need not drain such a building of wonder. When we learn how forces travel through 

an arch or how a pendentive guides loads towards massive piers, the dome becomes more rather than less 

extraordinary because we begin to appreciate what the builders actually achieved. 

Reflection Question 

Respond in your Science Journal: 

How does understanding the forces supporting Hagia Sophia deepen your appreciation of both human 

creativity and the ordered physical world in which engineering is possible? 

 

K) Portfolio Evidence 

Retain the following work in your Science, Technology & Health Portfolio: 

• narration of “The Dome Above the City”  

• responses to the Thinking Questions  

• flat-span and arch investigation data  

• analysis and evaluation  

• first and revised dome-support designs  

• Newton's laws application  

• Science as a Human Endeavour response  

• God’s Big Story Reflection.  

 

L) Australian Curriculum v9 Mapping 

Code Full Content Description Justification 

AC9S10U05 
investigate Newton’s laws of motion and quantitatively analyse the relationship 

between force, mass and acceleration of objects 

Students apply Newton's laws to stationary and moving 

structural systems, distinguish balanced forces from 

absence of force, and complete a quantitative force 
calculation using mass and gravitational acceleration. 

AC9S9H02 
investigate how advances in technologies enable advances in science, and how 

science has contributed to developments in technologies and engineering 

Students examine Byzantine structural technology and 
consider how accumulated engineering experience can 

precede later scientific explanation while continuing to 

contribute to the development of engineering knowledge. 

AC9S9I02 

plan and conduct valid, reproducible investigations to answer questions and test 

hypotheses, including identifying and controlling for possible sources of error and, 

as appropriate, developing and following risk assessments, considering ethical 

issues, and addressing key considerations regarding heritage sites and artefacts on 

Country/Place 

Students conduct repeated load tests using controlled 

span widths, materials and loading procedures. 

AC9S9I03 
select and use equipment to generate and record data with precision to obtain 

useful sample sizes and replicable data, using digital tools as appropriate 
Students collect repeated quantitative load data and 
maintain consistent testing procedures. 

AC9S9I04 

select and construct appropriate representations, including tables, graphs, 

descriptive statistics, models and mathematical relationships, to organise and 

process data and information 

Students tabulate structural data, calculate mean loads 

and construct physical and diagrammatic models of load 
paths. 

AC9S9I06 

assess the validity and reproducibility of methods and evaluate the validity of 

conclusions and claims, including by identifying assumptions, conflicting evidence 

and areas of uncertainty 

Students identify the limitations of cardboard structural 

models and distinguish observed results from claims 
about full-scale masonry. 



Code Full Content Description Justification 

AC9S10H02 
investigate how advances in technologies enable advances in science, and how 

science has contributed to developments in technologies and engineering 

Students analyse the historical relationship between 

accumulated building technology and later formal 
scientific explanations of force and structural behaviour. 

AC9S10I02 

plan and conduct valid, reproducible investigations to answer questions and test 

hypotheses, including identifying and controlling for possible sources of error and, 

as appropriate, developing and following risk assessments, considering ethical 

issues, and addressing key considerations regarding heritage sites and artefacts on 

Country/Place 

Students plan and conduct comparative structural testing 
and revise their design using evidence from initial 

results. 

AC9S10I04 

select and construct appropriate representations, including tables, graphs, 

descriptive statistics, models and mathematical relationships, to organise and 

process data and information 

Students use calculations, data tables, physical models 

and force-path diagrams to represent structural 

behaviour. 

AC9S10I06 

assess the validity and reproducibility of methods and evaluate the validity of 

conclusions and claims, including by identifying assumptions, conflicting evidence 

and areas of uncertainty 

Students evaluate experimental limitations and explain 

why a small-scale model cannot reproduce every 

property of a full masonry structure. 

 

 
  



Lesson 20 – Windows of Light: Coloured Glass, 

Wavelengths & Sacred Space 

Theme: Light, Colour and the Design of Illumination 

Character Focus: Honour & Reverence – recognising that light can be shaped through materials and design 

to serve practical, artistic and spiritual purposes, and that deeper scientific understanding can enrich rather 

than diminish our appreciation of beauty. 

Learning Objectives 

By the end of this lesson, you should be able to: 

• explain how coloured glass changes the light that passes through it  

• use wave and particle models to describe different aspects of visible light  

• explain the relationship between wavelength, colour, absorption and transmission  

• distinguish between transparent, translucent and opaque materials  

• investigate how different coloured filters alter transmitted light  

• analyse how glass, windows and illumination influence the experience of an interior space  

• explain how technological skill can develop through observation long before modern scientific 

theory is available  

• reflect on the way light has been used in Christian architecture to communicate ideas of beauty, order 

and reverence.  

 

A) Introduction – More Than an Opening in a 

Wall 

A window appears, at first, to be an absence: an interruption in a wall through which daylight can enter. 

Yet once glass is placed into that opening, the window becomes something more interesting. It can admit 

light while excluding wind and rain, soften glare, alter colour, frame a view and influence the mood of an 

entire room. If the glass is shaped, coloured or arranged deliberately, the window becomes part of the 

architecture rather than merely a hole within it. 

The Primary course approaches this topic through the relationship between light, colour and transparency, 

asking students to consider how coloured glass can serve both aesthetic and practical purposes. At secondary 

level, we can look more closely at the physics behind those effects and examine what happens when light 

meets glass. 

There is also an important historical distinction to keep in mind. The enormous narrative stained-glass 

windows associated with later Gothic cathedrals in Western Europe are not the defining visual technology of 

Byzantine churches. Byzantine builders and craftspeople employed glass in other powerful ways, especially 

through mosaics, lamps, glazing and decorative surfaces. Hagia Sophia itself was famous for the effect 

created by its architecture, reflective surfaces and extraordinary illumination, while Byzantine glassmakers 

possessed considerable skill in producing coloured and translucent glass.  

So rather than simply importing a later Gothic window into Constantinople, this lesson will ask a broader 

and more historically appropriate question: 

How can glass transform light inside a sacred space? 



Key Terminology 

Visible light – the range of electromagnetic radiation detected by the human eye 

Wavelength – the distance between corresponding points on successive waves; different visible 

wavelengths are perceived as different colours 

Frequency – the number of wave cycles passing a point each second 

Photon – a quantum, or discrete packet, of electromagnetic energy 

Transmission – the passage of light through a material 

Absorption – the transfer of light energy into matter rather than its passage through or reflection from the 

material 

Reflection – the change in direction of light when it encounters a surface 

Transparent – allowing much visible light to pass through with relatively little scattering 

Translucent – transmitting light while scattering it enough to prevent a clear image passing through 

Opaque – allowing little or no visible light to pass directly through 

Filter – a material that transmits some wavelengths more strongly than others 

 

B) Informational Story 

The Colour Between the Sun and the Stone 

Maria first noticed the window because it disappointed her. 

She had expected splendour. 

Her father, Petros, had spent half the walk through Constantinople telling her about the new work taking 

place in a small church not far from the harbour. Craftsmen were replacing damaged sections of glazing, 

adjusting lamps and repairing parts of the interior decoration. Maria had imagined sheets of brilliant crimson 

and blue turning the whole church into a chamber of colour. 

Instead, she found a narrow window divided into modest sections of glass. 

“That is all?” 

Petros looked at her. 

“You have been here for six seconds.” 

“I thought the glass would be brighter.” 

“You have arrived at midday with the sun almost directly overhead, and you are standing in the wrong 

place.” 



Maria folded her arms. 

“That sounds like an excuse.” 

“It sounds like optics.” 

She had learned that her father enjoyed using unfamiliar words whenever he wanted to win an argument. 

Petros worked with glass, although he was neither a scholar nor a philosopher of nature. His knowledge 

came from years beside furnaces, broken panes, successful firings, spoiled batches and the accumulated 

wisdom of craftspeople who had taught one another how glass behaved. 

He walked towards the window. 

“Come here.” 

Maria followed. 

“Now look at the pale blue section.” 

She did. 

“Move three steps towards the wall.” 

The colour deepened. 

“Now stand where the light falls onto the floor.” 

Maria obeyed, and the stone beneath her feet was washed with a faint blue-green glow. 

The window had changed without changing at all. 

Petros smiled. 

“Better?” 

“A little.” 

“Then perhaps you should stop judging glass without asking what the light is doing.” 

 

A Wave Arrives at the Window 

Modern physics describes visible light as part of the electromagnetic spectrum. 

One useful way to understand it is through the wave model. 

Different colours of visible light correspond to different ranges of wavelength. Red light has a longer 

wavelength than blue or violet light, while the full visible spectrum lies between infrared and ultraviolet 

regions that human eyes cannot directly see. 

Ordinary daylight contains a mixture of visible wavelengths. 



When that light reaches clear glass, much of it may pass through, although some is reflected at the surfaces 

and some can be absorbed. When the glass contains substances that interact more strongly with particular 

wavelengths, the transmitted mixture changes. 

The glass therefore acts like a selective gate. 

It does not usually create blue light from nothing. Instead, a blue piece of glass transmits some wavelengths 

more readily than others, so the light emerging from it contains a different balance from the light that 

entered. 

Maria did not know about electromagnetic waves, but she already understood the practical effect. 

A clear pane allowed daylight through with relatively little alteration in colour, while strongly coloured glass 

changed the character of the illumination. 

That difference was important to a craftsperson. 

Too much colour could make an interior gloomy. 

Too little could make the intended visual effect disappear. 

The thickness of the glass, its composition and the strength of the colour all influenced the result, while the 

direction and brightness of the incoming light added further variation. 

No single factor controlled the window's appearance. 

The material shaped the light, but the surrounding architecture shaped the conditions under which that 

interaction could be seen. 

 

Why Blue Glass Looks Blue 

Petros removed a small fragment from a cloth pouch and held it near the window. 

“This was cut away from a damaged piece.” 

Maria held it carefully. 

The glass was blue even before she placed it before the daylight. 

“Why?” 

“Because it is blue glass.” 

“That explains nothing.” 

Her father smiled. 

“Then you are becoming difficult enough to learn science.” 

Modern chemistry gives us a deeper answer. 



Glass is not merely melted sand that has cooled into a clear sheet. Traditional glass often begins with silica-

rich material combined with other substances that lower the working temperature or alter the properties of 

the finished product. Colour can be introduced through metal-containing compounds whose atoms and ions 

interact selectively with light. 

Certain electronic transitions within those atoms or ions can absorb particular ranges of visible energy. 

The remaining transmitted or reflected light then reaches our eyes. 

Cobalt-containing compounds, for example, can produce intense blues in glass. Copper compounds may 

contribute blue-green colours under some conditions, while iron can produce greens, yellows, browns and 

other tones depending upon composition and furnace conditions. 

The exact chemistry can become complex, but the central principle is elegant: colour emerges because 

matter does not interact equally with every wavelength of visible light. 

Maria turned the fragment slowly. 

“So the glass keeps some of the light?” 

“In a way,” Petros replied. 

His answer was closer to modern physics than he knew. 

When light is absorbed, its energy is transferred into the material. The interaction may eventually contribute 

to thermal energy or other microscopic processes rather than continuing through the glass as visible light. 

That brings us to another model. 

 

When the Wave Model Is Not Enough 

The wave model is extremely useful for explaining wavelength, frequency, interference, diffraction and 

many features of reflection and refraction. 

Yet light also behaves in ways that are better described using a particle model, in which electromagnetic 

energy is carried in discrete packets called photons. 

The energy of a photon depends upon its frequency. Higher-frequency photons possess more energy than 

lower-frequency photons. 

When atoms or molecules absorb light, they do not simply take any arbitrary fraction of energy. The 

interaction occurs according to allowed energy changes within the material. 

The particle model therefore helps explain why particular substances absorb some frequencies more readily 

than others. 

Neither model should be treated as a complete little picture of what light “really looks like.” 

Scientists use models because different models illuminate different aspects of the same phenomenon. 

For Maria's blue glass, the wave model helps us describe the wavelengths entering and leaving the material, 

while the photon model provides another way of thinking about how light energy interacts with atoms and 

ions within the glass. 



The usefulness of each model depends upon the question being asked. 

 

Light That Does Not Travel Straight Through 

Petros led Maria to another pane. 

This one was not coloured strongly, but its surface was uneven. 

“Look through it.” 

Maria saw the church beyond, although the shapes appeared distorted. 

“The glass is bad.” 

“Is it?” 

“I cannot see clearly through it.” 

“That was not always the most important purpose.” 

A perfectly clear modern window can transmit light while preserving a sharp image because its surfaces are 

comparatively smooth and its thickness is controlled precisely. 

Older handmade glass could contain bubbles, uneven thickness and surface irregularities. Those variations 

changed the direction in which different rays of light travelled as they entered and left the material. 

Whenever light moves between materials in which it travels at different speeds, its direction may change. 

We call this refraction. 

A smooth pane with parallel surfaces may bend light at the first surface and then bend it again as it exits, 

leaving the outgoing ray parallel to its original direction under simple conditions. An uneven surface 

produces a less orderly result because different parts of the pane meet the light at different angles. 

The consequence can be distortion. 

Yet a window does not need to provide a perfect view in order to illuminate a room beautifully. 

If the primary purpose is to admit and soften daylight, some scattering may even contribute to a more diffuse 

interior glow. 

Maria looked again. 

The warped view now seemed less like a failure. 

“So someone might choose glass that is not perfectly clear?” 

“For certain purposes, yes.” 

“Then clear is not always better.” 

Petros nodded. 



“You are beginning to sound less expensive to educate.” 

 

Transparent, Translucent and Opaque 

They moved deeper into the church, where Maria could compare different materials. 

Clearer glass transmitted enough light for forms beyond it to remain recognisable. Some decorative glass 

scattered the incoming light so strongly that the outside scene disappeared, even though the pane itself still 

seemed luminous. 

Nearby, stone walls admitted essentially no direct light at all. 

These differences allow us to classify materials as transparent, translucent or opaque, but the categories are 

not always absolute. 

A material may transmit some wavelengths more effectively than others. Its apparent transparency can 

change with thickness, surface texture and internal structure. Frosted glass, for instance, may be made from 

material that would otherwise be transparent, yet microscopic surface irregularities scatter the light so 

strongly that a clear image no longer passes through. 

This distinction is important in design. 

A window intended to provide an undistorted view requires different optical properties from a screen 

designed to preserve privacy while still admitting daylight. 

In sacred architecture, the goal may be different again. Builders might want illumination without drawing 

the eye constantly towards the ordinary world outside. 

Glass can therefore perform several roles at once: boundary, filter, source of colour and controller of visual 

attention. 

 

The Lamp Below the Dome 

As afternoon approached, workers began preparing the hanging lamps. 

Maria watched them lower a metal frame containing places for small glass vessels. 

Each vessel could hold oil and a wick, producing light after the sun had faded. 

Byzantine churches could be illuminated by large hanging arrangements of oil lamps, and descriptions of 

Hagia Sophia emphasised the extraordinary brilliance created by its evening lighting. Surviving Byzantine 

polycandela show how glass vessels were suspended in metal frames to provide multiple points of 

illumination.  

Maria stared upward. 

“How can such small flames light such a large room?” 

“They do not do it alone.” 



Petros pointed towards the pale marble surfaces and the glass mosaics. 

Light from a lamp travels outward in many directions. Some reaches the observer directly, while other rays 

strike walls, floors, glass and metal before being reflected elsewhere. 

A bright interior therefore depends partly upon the light source and partly upon the way surrounding 

materials receive and redistribute that light. 

A dark, highly absorbing room can consume illumination visually, while pale and reflective surfaces send 

more light back into the space. 

Once again, architecture behaves as a system. 

The lamp provides energy. 

Materials influence where that light travels. 

Human eyes interpret the result. 

The position of each light source affects shadows and highlights, while reflective surfaces can produce 

shimmering movement as flames flicker. 

Maria thought of the church at night and understood why Petros had refused to judge the window at midday. 

The same building could offer several different visual experiences between sunrise and evening. 

 

Mixing Light Is Not the Same as Mixing Paint 

A young painter working nearby overheard them talking about colour. 

He brought Maria two small dishes of pigment. 

“If I mix blue paint and yellow paint, what happens?” 

“Green.” 

He nodded. 

“Then if I shine blue light and yellow light together, will I always get the same result?” 

Maria hesitated. 

Petros looked amused. 

“This is why painters and glassmakers should occasionally speak to one another.” 

Mixing pigments and mixing light involve different processes. 

Pigments create colour mainly by selective absorption and reflection. When several pigments are 

combined, the mixture may absorb more wavelengths than either pigment alone, which is why mixing paints 

often produces darker results. 



Light sources behave differently. Combining different wavelengths means adding light reaching the eye 

rather than removing portions through absorption. 

Coloured glass introduces another variation because it acts as a filter. Placing two filters together usually 

reduces the range of wavelengths transmitted, and the resulting light depends upon what both materials 

allow to pass. 

This means that overlapping blue and yellow transparent materials does not behave in exactly the same way 

as mixing blue and yellow paint. 

The distinction becomes clearer through experimentation, which you will carry out later in this lesson. 

Maria looked at the painter. 

“So neither of us owns colour.” 

“Correct,” he replied. “But I suspect I understand it better.” 

Petros shook his head. 

“Now there are two difficult people in the church.” 

 

A Window That Changes During the Day 

The following morning Maria returned shortly after sunrise. 

This time the glass did not disappoint her. 

Low-angle sunlight reached the window more directly than it had the previous day. Warm light entered the 

church, and the coloured panes altered portions of it so that faint patches of blue, amber and green appeared 

across nearby surfaces. 

As the sun climbed, the coloured region shifted. 

Nothing in the window itself was moving. 

The change arose because the position of the light source relative to the building was changing continuously. 

This gave the architecture a temporal dimension. 

A designer working with natural light was designing not for one moment but for a sequence. Morning, noon 

and afternoon could illuminate different surfaces, while seasonal changes altered the path of the sun still 

further. 

A window that appeared subdued during one hour might become striking during another. 

The effect cannot be understood by studying glass alone. 

You must also consider orientation, geometry and time. 

Maria found this idea especially beautiful. The building had been completed in stone, yet its appearance was 

never completely finished because light kept rewriting it. 



 

The Difference Between Seeing and Measuring 

Years later, Maria worked in her father's trade and became skilled enough to judge many glass pieces almost 

instinctively. 

She could hold a fragment towards daylight and estimate whether its colour would be too strong for a 

particular opening. By examining bubbles, thickness and surface texture, she could often predict how the 

pane would behave once installed. 

One apprentice asked how she knew. 

Maria could have answered with the language of experience. 

Instead, she placed three pieces of coloured glass on the table. 

“I know because people before me paid attention.” 

They had noticed how certain furnace conditions changed colour, how thicker pieces absorbed more light 

and how some mixtures produced reliable shades. Craftspeople compared successful batches with failed 

ones and passed useful techniques to the next generation. 

Their knowledge was empirical, built from accumulated observation and repeated practice even though they 

did not possess our modern understanding of electromagnetic waves, photons or atomic energy levels. 

Centuries later, scientific theory would explain much that the glassmaker already knew how to produce. 

Neither kind of knowledge cancels the other. 

Practical skill can reveal dependable patterns before their mechanisms are fully understood, while scientific 

explanation can later make those patterns more precise, testable and transferable to new situations. 

Maria never spoke of photons. 

Even so, she understood something essential: light, material and design could be brought into relationship 

deliberately. 

 

Light as Part of the Architecture 

Near the end of her working life, Maria returned to the same church where Petros had first taught her not to 

judge a window too quickly. 

The building seemed smaller than she remembered. 

Perhaps childhood had enlarged it. 

She sat quietly while late sunlight moved across the interior. 

The coloured glass did not dominate the room. Instead, it worked with stone, painted surfaces and lamps so 

that the whole space acquired character. 



She now knew enough physics to ask questions her father could never have answered formally. Which 

wavelengths were being absorbed? How much light was reflected from the stone? At what angle were the 

rays entering through the window, and how did the uneven glass alter their paths? 

Those questions did not replace the experience. 

They gave it additional layers. 

For a Christian craftsman or scientist, there need be no conflict between understanding a mechanism and 

receiving beauty with reverence. If creation possesses dependable order, then the properties of light and 

glass are part of the reason such beauty can be designed at all. 

Maria remembered her first complaint. 

“That is all?” 

She smiled at the foolishness of it. 

A piece of glass seemed simple only until you asked what happened inside it. 

Sunlight crossed an immense distance before reaching the building. Some wavelengths passed through the 

glass more freely, while others were absorbed or reflected. The surviving light entered the church, 

encountered stone and polished surfaces, then finally reached a human eye capable of turning 

electromagnetic energy into colour, form and perception. 

Nothing about that seemed ordinary anymore. 

Her father had told her, many years before, to stop judging glass without asking what the light was doing. 

Only now did she realise that the question could be asked of far more than a window. 

 

C) Narration 

Close the lesson before beginning your narration. 

Retell “The Colour Between the Sun and the Stone” in your own words, explaining how Maria's 

understanding of light and glass changed as she learned to look more carefully. 

Your narration should demonstrate that you understand: 

• why coloured glass changes the light transmitted through it  

• how wavelength is related to visible colour  

• why the wave model is useful for describing light  

• why a particle model involving photons is also useful  

• the difference between transmission, absorption and reflection  

• why transparent, translucent and opaque materials behave differently  

• how uneven glass can alter the path of light  

• why the position of the sun changes the appearance of an interior throughout the day  

• how Byzantine craftspeople could develop sophisticated technologies without possessing modern 

physics  

• why scientific explanation increased rather than diminished Maria's appreciation of the church.  



 

D) Thinking Questions 

Years 7–8 

1. Why did the blue glass appear different when Maria changed position?  

2. What is meant by the wavelength of light?  

3. Why does blue glass transmit a different mixture of wavelengths from clear glass?  

4. Explain the difference between transmission, absorption and reflection.  

5. How does translucent glass differ from transparent glass?  

6. Why might an architect deliberately choose translucent rather than perfectly clear glass?  

7. How can an uneven pane distort an image?  

8. Why did the church look different in morning light from the way it looked at midday?  

9. How did lamps and reflective surfaces work together to illuminate a Byzantine church?  

10. Why was the knowledge of historical glassmakers genuine even though they lacked modern 

scientific theories?  

Years 9–10 

1. Explain how the wave model helps describe visible colour.  

2. How does the photon model provide a useful explanation of light absorption?  

3. Why do scientists retain both wave and particle models of light rather than simply choosing one and 

rejecting the other?  

4. Explain why coloured glass does not usually “turn white light into blue light” in the simplest sense.  

5. How can metal-containing compounds influence which wavelengths are absorbed or transmitted by 

glass?  

6. Why might thicker coloured glass transmit less light than a thinner piece of the same composition?  

7. Explain how refraction can distort an image viewed through uneven glass.  

8. Compare pigment mixing with the overlapping of coloured optical filters.  

9. How does the changing position of the sun make natural illumination a design problem involving 

time as well as space?  

10. Explain how this lesson demonstrates the relationship between empirical technological knowledge 

and later scientific explanation.  

 

E) Practical Investigation – What Does a Coloured 

Filter Remove? 

You will investigate how coloured transparent materials alter transmitted light. 

Materials 

You will need: 

• torch with white light  

• red, blue, green and yellow transparent cellophane or safe coloured filters  

• white paper  

• darkened room  

• two or more identical layers of each filter if possible  



• ruler  

• Science Journal.  

Do not shine bright lights directly into anyone's eyes. 

Part 1 – Single Filters 

Shine the torch onto white paper and observe the unfiltered light. 

Place each coloured filter over the torch in turn and record: 

• the apparent colour of the transmitted light  

• relative brightness  

• whether the beam becomes noticeably dimmer  

• any unevenness in colour.  

Filter Colour Observed Relative Brightness Other Observations 

None    

  

Red    

  

Blue    

  

Green    

  

Yellow    

  

Part 2 – Increase the Thickness 

Place two layers of the same coloured material over the torch. 

Compare this with one layer. 

What happens to brightness? 

Explain why adding another layer would generally increase the opportunity for light to be absorbed or 

scattered before leaving the material. 

Part 3 – Overlap Different Filters 

Try several combinations, such as: 

• red + yellow  

• blue + yellow  

• red + blue  

• blue + green.  

Record the colour and brightness that you observe. 

Do not assume beforehand that your result will behave like mixed paint. Different commercial cellophanes 

have different transmission spectra, so the observed result depends upon the actual materials you use. 

 



F) Analyse the Investigation 

Answer the following questions: 

1. Which single filter transmitted the brightest light?  

2. Which produced the greatest reduction in brightness?  

3. How did adding a second layer of the same filter change the result?  

4. What happened when two different filters were combined?  

5. Did your observations match what you would expect from mixing paint? Explain.  

6. Why is the description “a red filter adds red to white light” scientifically misleading?  

7. What evidence from your experiment suggests that filters remove some light rather than merely 

colouring all of it?  

8. Identify two variables that should be controlled when comparing filters.  

9. How could the investigation be improved if a light sensor or spectrometer were available?  

10. Why should conclusions be limited to the filters you actually tested?  

Years 9–10 Extension 

Write a hypothesis for the relationship between number of filter layers and measured light intensity. 

If a phone or classroom light meter is available and permitted, collect quantitative readings for one, two, 

three and four layers of the same filter. 

Graph: 

Number of layers → Light intensity 

Then describe the pattern without assuming that it will be perfectly linear. 

 

G) Model Investigation – Refraction Through 

Glass 

Use a transparent rectangular container, glass block or thick clear acrylic block if one is safely available. 

Method 

1. Place the block on white paper and trace around it.  

2. Direct a narrow light beam towards one side at an angle.  

3. Mark the incoming path.  

4. Observe or mark the path through the material and the outgoing direction.  

5. Repeat using several angles.  

Explain: 

• where the light changes direction  

• why entering a new medium can change its speed  

• why the ray changes direction again when it leaves.  

Important Limitation 



Your model uses a relatively uniform modern material. Historical handmade glass could be much less even 

in thickness and composition, so its visual distortions would often be more complicated than the simple path 

shown by a rectangular block. 

 

H) Design & Technology Challenge – Design a 

Window for a Purpose 

Design a coloured-glass window for one of the following settings: 

• a quiet prayer space  

• a bright western wall exposed to afternoon sun  

• a narrow corridor needing more natural light  

• a church entry where privacy is desirable  

• a reading area where colour distortion should be limited.  

Your design should show: 

• which sections are transparent, translucent or opaque  

• the colours you would use  

• where you expect direct light to enter  

• how much brightness you want to preserve  

• whether a clear outside view is important  

• one potential problem caused by glare, excessive darkness or colour distortion.  

Years 9–10 Extension 

Explain at least two design trade-offs. 

For example, strongly coloured glass may create a vivid visual effect but reduce overall illumination. Highly 

transparent glass admits more useful daylight, yet it may provide less privacy or visual separation from the 

outside environment. 

 

I) Science as a Human Endeavour – How 

Knowledge Grows 

Historical glassmakers could produce useful colours through controlled materials and furnace conditions 

even though they did not understand photons, electron energy levels or electromagnetic waves. 

This does not mean their knowledge was unscientific nonsense waiting for modern people to replace it. 

Their accumulated craft knowledge came from close observation, repeated experimentation and comparison 

across many years. Successful mixtures could be reproduced, while failures provided evidence about which 

processes needed alteration. Later scientific theories gave researchers new ways to explain these effects at 

atomic and electromagnetic scales, allowing knowledge to become more precise and transferable. 

Respond to this question: 



How can technological practice lead scientific explanation, and how can later science improve an older 

technology? 

Use glassmaking as your main example. 

 

J) God’s Big Story Reflection – Light, Knowledge 

and Revelation 

Read John 8:12: 

“I am the light of the world. Whoever follows me will never walk in darkness, but will have the light 

of life.” 

The Bible uses light as a powerful image for truth, goodness, life and the presence of God. That symbolic 

meaning does not depend upon people misunderstanding physical light. 

Indeed, learning more about light can make the image richer. 

Creation – A World Filled with Light 

Visible light occupies only a small portion of the electromagnetic spectrum, yet that narrow range allows 

human beings to perceive form, colour, distance and movement. 

Our eyes respond to incoming light, while the brain interprets patterns of wavelength and intensity so 

rapidly that we experience a richly coloured world almost without effort. 

The physical world also contains materials with varied optical properties. Some transmit light readily, others 

absorb most of it, while reflective surfaces redirect it in ways that can be predicted. 

Because these properties are dependable, glassmakers and architects can work creatively with them. 

A Christian worldview sees such regularity not as a rival to wonder but as part of the intelligibility of 

creation. 

Fall – What Appears Bright May Still Mislead 

Light has positive symbolic associations, yet appearances can deceive. 

A visually magnificent space can direct attention towards truth, but beauty can also be used to manipulate. 

Modern advertising, entertainment and digital media demonstrate how colour, brightness and movement can 

attract attention without necessarily serving what is good. 

Scientific knowledge tells us how light and perception operate, but it cannot by itself decide which uses of 

that knowledge are wise. 

That question belongs to ethics, character and purpose. 

Redemption – Light That Helps Us See More Clearly 



Christian faith does not treat truth as merely something attractive to look at. Christ's description of himself 

as the light of the world points towards guidance, revelation and life. 

Within a church, the use of light can support that symbolism without becoming its substance. Coloured 

glass, lamps and reflective surfaces may encourage people to slow down, notice and contemplate, yet their 

value depends upon what they help direct attention towards. 

Technology can create an atmosphere; it cannot manufacture worship. 

Restoration – Seeing More, Not Less 

Maria's growing knowledge did not strip the church of mystery. 

Once she understood that coloured glass selectively transmitted some wavelengths while absorbing others, 

the beauty became more intricate. Learning about photons, refraction and changing solar angles added 

further layers to what had first appeared to be a simple coloured pane. 

Scientific explanation can therefore train us to notice what familiarity has hidden. 

A shaft of coloured light across a stone floor is not merely “pretty.” It is the result of electromagnetic energy 

travelling through space, interacting with atoms inside a material and finally entering an eye capable of 

perception. 

The more carefully we look, the more astonishing the ordinary can become. 

Reflection Question 

Respond in your Science Journal: 

How can scientific understanding of light deepen the biblical idea that light can symbolise truth, 

revelation and the ability to see clearly? 

 

K) Portfolio Evidence 

Retain the following in your Science, Technology & Health Portfolio: 

• narration of “The Colour Between the Sun and the Stone”  

• responses to the Thinking Questions  

• coloured-filter investigation table  

• analysis of single and overlapping filters  

• optional quantitative light-intensity graph  

• refraction model  

• coloured-window design  

• Science as a Human Endeavour response  

• God’s Big Story Reflection.  

 

L) Australian Curriculum v9 Mapping 



Code Full Content Description Justification 

AC9S9U04 
use wave and particle models to describe energy transfer through different 

mediums and examine the usefulness of each model for explaining 

phenomena 

This is a central focus of the lesson. Students use the wave 

model to explain wavelength, colour and refraction, while the 
particle model is introduced to explain absorption of light 

energy by matter. Students also consider why neither model is 

equally useful for every question. 

AC9S9H02 
investigate how advances in technologies enable advances in science, and 

how science has contributed to developments in technologies and engineering 

Students compare historical glassmaking knowledge with later 

scientific explanations involving electromagnetic radiation, 

absorption and atomic interactions. 

AC9S9I01 
develop investigable questions, reasoned predictions and hypotheses to test 

relationships and develop explanatory models 

Students formulate predictions about filter thickness, colour and 

transmitted light intensity. 

AC9S9I02 

plan and conduct valid, reproducible investigations to answer questions and 

test hypotheses, including identifying and controlling for possible sources of 

error and, as appropriate, developing and following risk assessments, 

considering ethical issues, and addressing key considerations regarding 

heritage sites and artefacts on Country/Place 

Students conduct comparative filter and refraction investigations 

while controlling light source, distance, filter size and other 

relevant variables. 

AC9S9I04 

select and construct appropriate representations, including tables, graphs, 

descriptive statistics, models and mathematical relationships, to organise 

and process data and information 

Students organise observations in tables and may graph the 

relationship between filter layers and transmitted light intensity. 

AC9S9I05 
analyse and connect a variety of data and information to identify and 

explain patterns, trends, relationships and anomalies 

Students analyse differences among filters and connect observed 

brightness and colour changes with transmission and absorption. 

AC9S9I06 

assess the validity and reproducibility of methods and evaluate the validity 

of conclusions and claims, including by identifying assumptions, conflicting 

evidence and areas of uncertainty 

Students evaluate the limitations of their filter materials and 

recognise that different commercial filters possess different 

transmission characteristics. 

AC9S10H02 
investigate how advances in technologies enable advances in science, and 

how science has contributed to developments in technologies and engineering 

Year 10 students examine how empirical glassmaking 

knowledge and later scientific theories have contributed to 

increasingly controlled optical technologies. 

AC9S10I01 
develop investigable questions, reasoned predictions and hypotheses to test 

relationships and develop explanatory models 

Students develop testable predictions concerning layer number 

and light intensity. 

AC9S10I04 
select and construct appropriate representations, including tables, graphs, 

descriptive statistics, models and mathematical relationships, to organise 

and process data and information 

Students use data tables, graphs and ray models to represent the 

behaviour of transmitted and refracted light. 

AC9S10I05 
analyse and connect a variety of data and information to identify and 

explain patterns, trends, relationships and anomalies 
Students connect observed optical effects with wavelength 
selection, absorption, transmission and material thickness. 

AC9S10I06 

assess the validity and reproducibility of methods and evaluate the validity 

of conclusions and claims, including by identifying assumptions, conflicting 

evidence and areas of uncertainty 

Students distinguish between broad scientific principles and the 

specific performance of the classroom materials they test. 

 



Lesson 21 – When the Earth Moves: Earthquakes, 

Resonance & the Survival of Great Buildings 

Theme: Stability, Motion and Engineering for an Uncertain World 

Character Focus: Honour & Reverence – recognising that wise engineering respects both the dependable 

laws of nature and the changing conditions in which structures must survive. 

Learning Objectives 

By the end of this lesson, you should be able to: 

• explain why an earthquake can place very different forces upon a building from those produced by 

its ordinary weight  

• apply Newton’s laws to inertia, acceleration and structural movement during an earthquake  

• explain how mass, stiffness, flexibility and structural geometry influence a building’s response to 

ground motion  

• describe resonance and explain why the frequency of shaking can influence structural response  

• construct and test a model structure under repeated shaking  

• use evidence from testing to evaluate and improve a structural design.  

 

A) Introduction – The Day the Ground Became the 

Problem 

In Lesson 19, we studied the extraordinary engineering of Hagia Sophia and discovered how its dome 

transfers immense loads through an interconnected system of arches, pendentives, piers and surrounding 

structures. 

Yet there is an assumption hidden beneath almost every simple structural diagram. 

The ground stays where it is. 

For the people of Constantinople, that assumption could not always be trusted. 

The region has a long history of destructive earthquakes, and Hagia Sophia itself suffered serious earthquake 

damage during its long existence. The first dome partially collapsed in AD 558 after a series of earthquakes 

had weakened the structure, and the replacement dome was constructed with a somewhat different geometry. 

Later earthquakes brought further damage and repairs. 

An earthquake turns an ordinary structural problem upside down. Under normal conditions, gravity 

continually pulls the building towards the Earth while the foundations and supporting structure resist that 

load. During an earthquake, however, the Earth itself begins accelerating beneath the building. 

Suddenly, the foundation is no longer merely supporting the structure. 

It is moving it. 



The building possesses inertia, so its mass resists rapid changes in motion. Walls bend, joints experience 

changing forces, and the upper portions of a tall structure may sway while the ground beneath them moves 

in another direction. 

For an engineer, the challenge becomes fascinating and formidable: How do you design something to 

stand upon ground that may refuse to stand still? 

Key Terminology 

Earthquake – shaking of the ground caused by the sudden release of energy within the Earth's crust 

Seismic wave – a wave of energy travelling through the Earth or along its surface following an earthquake 

Inertia – the tendency of an object to resist changes in its state of motion 

Acceleration – the rate at which velocity changes 

Stiffness – the resistance of a structure or material to deformation 

Flexibility – the capacity of a structure or material to deform without immediately failing 

Natural frequency – a frequency at which a system tends to oscillate when disturbed 

Resonance – a large oscillating response that can occur when a system is repeatedly forced at or near one of 

its natural frequencies 

Damping – the dissipation of energy from an oscillating system, reducing the size of its motion over time 

Seismic engineering – the design and analysis of structures to reduce the likelihood of unacceptable damage 

or collapse during earthquakes 

 

B) Informational Story 

The Night the Great Church Trembled 

The first movement was so slight that Nikolaos blamed himself. 

He had been copying measurements onto a wax tablet in a workshop near Hagia Sophia when the hanging 

lamp above him began to sway. After several hours bent over drawings, he assumed his tired eyes had 

deceived him. 

Then the oil in a shallow bowl trembled. 

Across the room, Master Andreas stopped speaking. 

The second movement came from beneath them. 

A low vibration travelled through the floor, followed almost immediately by a deeper rolling sensation that 

made the walls seem strangely uncertain. Tools rattled against one another, a ceramic vessel fell from a 

shelf, and somewhere outside a dog began barking furiously. 



“Doorway?” Nikolaos asked. 

“No. Open ground.” 

They moved quickly into the courtyard. 

By then the earth was shaking hard enough that people were emerging from nearby buildings, some crying 

out while others stood in bewildered silence. Nikolaos looked towards the enormous mass of Hagia Sophia 

rising against the evening sky. 

The building appeared to move. 

He had spent months learning how its great arches directed loads towards the piers and how the dome's 

weight travelled through the structure. In all his drawings, the foundations had been represented by a firm 

horizontal line. 

No one drew the line moving. 

Yet now it did. 

 

When the Foundation Accelerates 

The earthquake eventually subsided, leaving behind an unnerving stillness. 

Nikolaos and Andreas waited before approaching the church. 

“How can the walls move if they are built upon the ground?” Nikolaos asked. 

“Because the ground moved first.” 

That answer contains the beginning of earthquake engineering. 

Imagine a heavy object resting on a board. If you pull the board slowly, friction may carry the object along 

with it. Jerk the board sideways suddenly, however, and the object tends to remain where it was while the 

board moves beneath it. 

This behaviour reflects inertia, described centuries later through Newton's first law of motion. 

A building responds in a related, though much more complicated, way. During an earthquake, seismic waves 

cause the ground and foundations to accelerate. The lower parts of the building are forced to move with the 

ground, while the mass above resists that change in motion. 

The resulting deformation produces internal forces. 

Using Newton's second law, F = ma, we can see why both mass and acceleration are significant. Greater 

mass can produce larger inertial forces for a given acceleration, while more severe ground acceleration can 

increase the forces experienced by a structure. 

A massive building therefore possesses an important strength and an important vulnerability. Its weight can 

contribute to stability under ordinary conditions, yet its considerable mass also means substantial inertia 

when the foundations accelerate. 



Nikolaos had always thought of the weight of Hagia Sophia as something pressing downward. 

For the first time, he began to understand that mass could become important in sideways motion as well. 

 

A Crack Is a Message 

At daylight, Andreas took Nikolaos around the building. 

They were not alone. Craftsmen and officials inspected walls, arches and joints, looking for evidence of 

damage. 

Nikolaos noticed a crack near one part of the masonry. 

“It is small.” 

“That does not tell us whether it is insignificant.” 

Andreas traced its direction without touching it. 

A crack is evidence that stress somewhere within the material exceeded what the structure could 

accommodate without fracture. Its width, orientation and location can therefore provide clues about how the 

building moved and where forces were concentrated. 

A vertical crack may suggest one pattern of deformation, while diagonal cracking can indicate another. 

Separation around an arch, distortion near an opening or damage where two structural sections meet may 

each reveal something different about the building's response. 

Modern engineers use far more sophisticated methods, including sensors, computer models and detailed 

structural analysis, but the fundamental habit remains recognisable: damage must be examined rather 

than merely repaired and forgotten. 

If the crack is simply covered, the evidence disappears while the underlying weakness may remain. 

Andreas looked towards Nikolaos. 

“What do you see?” 

“A damaged wall.” 

“What else?” 

Nikolaos studied it again. 

“Evidence.” 

“Good. Now we can begin asking the right question.” 

Not merely, How do we hide the crack? 

Instead, Why did the crack form here? 

 



Stronger Is Not Always Simpler 

Nikolaos assumed the solution would be straightforward. 

“Make everything thicker.” 

Andreas looked unimpressed. 

“Everything?” 

“The walls. The supports. If they are heavier and stronger, they will move less.” 

“Will they?” 

Nikolaos hesitated. 

Increasing the amount of material can improve some kinds of structural strength, but it also adds mass. 

During earthquake acceleration, additional mass may produce greater inertial forces. 

This does not mean that heavy buildings inevitably fail or that lighter buildings automatically survive. 

Structural response depends upon a combination of mass, geometry, material properties, connections, 

stiffness, ductility, ground motion and many other factors. 

The deeper lesson is that engineering rarely rewards a single solution applied blindly. 

A wall needs enough stiffness to carry loads and control excessive movement, yet a structure that is 

extremely rigid and brittle may crack rather than deform safely. Greater flexibility can allow movement, 

although excessive flexibility may create dangerous displacement. 

Wise seismic design therefore seeks appropriate behaviour rather than simply the maximum possible value 

of one property. 

The question is not merely, “How strong is it?” 

A better question is, “How will the whole structure behave when the ground moves?” 

 

The Rhythm Hidden Inside a Building 

Several days later, Andreas took Nikolaos to a timber platform used by workers. 

He pushed it gently. 

The platform swayed and returned. 

He pushed again at roughly the same rhythm. 

The motion increased. 

Nikolaos grabbed the side. 

“Stop.” 



Andreas did. 

The movement gradually faded. 

“What happened?” 

“You kept pushing it.” 

“Yes, but I did not push particularly hard.” 

Nikolaos considered the problem. 

“You pushed at the right time.” 

Every structure capable of flexing has characteristic ways in which it tends to vibrate. A simple system may 

possess a readily identifiable natural frequency, while real buildings have many possible modes of 

vibration. 

If an external force repeatedly acts at or near a natural frequency, energy can be transferred efficiently into 

the oscillation. Under suitable conditions, the amplitude of motion may grow. 

This phenomenon is called resonance. 

The familiar playground swing provides a simple example. Randomly timed pushes are inefficient, but 

smaller pushes applied in rhythm with the swing can gradually produce a much larger motion. 

Earthquakes are considerably more complicated because ground motion contains a range of frequencies that 

change through time. Buildings also possess multiple vibration modes rather than behaving like simple 

pendulums. 

Even so, the principle remains useful. The frequency content of an earthquake can strongly influence which 

structures respond most severely. 

Nikolaos looked back towards the church. 

“So the speed of the shaking can be as important as its strength?” 

“The character of the shaking is important,” Andreas replied. “How rapidly the ground moves, how far, for 

how long, and how the building responds to those motions all influence the result.” 

That answer lacked the simplicity Nikolaos wanted, but engineering was steadily teaching him to distrust 

simple answers to complicated systems. 

 

Tall Buildings Do Not Move Like Blocks 

Nikolaos drew a rectangle on his tablet. 

“If the ground moves this way, does the whole building move sideways together?” 

“Not exactly.” 

Andreas took the tablet and drew a slightly curved tower. 



The foundation of a flexible structure moves with the ground, but the upper parts do not necessarily follow 

at precisely the same instant or by the same amount. The structure can deform and oscillate, producing 

changing forces throughout its height. 

A very stiff, low structure may respond differently from a tall, flexible one because their natural frequencies 

differ. 

This is why two buildings standing near each other can experience the same earthquake yet respond 

differently. 

Their mass may differ. 

Their height and geometry may produce different natural frequencies, while variations in materials, 

connections and foundations can alter stiffness and damping. Even the soil beneath them can influence the 

ground motion reaching the structure. 

Nikolaos began to appreciate how many relationships an engineer had to consider. 

Not every variable could be controlled, but each one could change the story. 

 

How Motion Loses Energy 

Later that afternoon, Andreas returned to the timber platform. 

This time he pushed it once and waited. 

The oscillation gradually diminished. 

“Why does it stop?” 

“Because I stopped pushing.” 

“That is part of the answer. But if nothing removed energy from the motion, it would continue much 

longer.” 

Real systems lose mechanical energy through friction, deformation and other processes. This reduction of 

oscillatory motion is called damping. 

Modern seismic engineering sometimes includes specialised devices designed specifically to dissipate 

energy. Dampers can reduce the amount of earthquake energy expressed as structural motion, while other 

technologies may reduce how strongly ground movement is transferred into the building. 

Byzantine builders did not possess modern engineered damping systems, yet the concept helps us 

understand an important principle: a structure's survival depends not only upon resisting force but also upon 

managing energy and movement. 

A building that can deform in controlled ways and dissipate energy may survive shaking that would cause a 

brittle structure to crack severely. 

Once again, the strongest-looking structure is not automatically the safest. 

 



What Failure Teaches 

Nikolaos lived long enough to see repairs made after several earthquakes. 

The lessons were not always learned easily. 

Hagia Sophia's first dome suffered a partial collapse in AD 558 after earlier earthquakes had damaged the 

structure. Isidore the Younger, nephew of one of the original architects, oversaw its reconstruction. The 

rebuilt dome was raised higher, changing its geometry and the way forces were distributed through the 

structure. 

The rebuilding illustrates an important feature of technological development. 

A first design embodies knowledge and assumptions. 

Performance provides evidence about those assumptions, especially when conditions become severe. 

Engineers can then examine failure, revise the design and test a new solution against the physical world. 

This process resembles scientific inquiry, although the stakes of structural experimentation can be far higher 

than those of a classroom investigation. 

No responsible engineer wishes for a building to fail simply to obtain data. When failure occurs, however, 

refusing to learn from it would compound the tragedy. 

The cracked masonry, displaced arches and damaged dome all contained information. 

Human beings had to become willing to read it. 

 

From Byzantine Repair to Modern Seismic Design 

If Nikolaos could enter a modern earthquake-engineering laboratory, much of the equipment would be 

incomprehensible to him, but the questions would feel strangely familiar. 

Engineers place scale models on shake tables that reproduce controlled ground movements. Sensors 

measure acceleration and displacement, while computer models allow researchers to explore thousands of 

structural variations before full-scale construction begins. 

Modern buildings in earthquake-prone regions may incorporate several strategies. 

Some are designed with structural frames capable of deforming without sudden collapse. Others use 

carefully detailed connections that permit controlled movement, while certain structures employ dampers to 

dissipate energy. 

One particularly remarkable technology is base isolation. 

Instead of attaching the building rigidly to moving ground, engineers can place specialised isolation systems 

between the superstructure and its foundation. These systems allow a degree of relative movement and can 

reduce the acceleration transmitted into the building for suitable earthquake motions and designs. 

The concept would have astonished Nikolaos. 



For most of his life, he had assumed that a building survived because its connection to the ground was made 

as immovable as possible. 

Modern engineering sometimes approaches the problem differently: if the ground is going to move, perhaps 

the building should be permitted to respond in a controlled way rather than being forced to follow every 

rapid motion. 

The solution is not softness without strength. 

It is controlled movement informed by physics. 

 

The Church and the Centuries 

Hagia Sophia did not survive because its original builders produced a flawless structure. 

It survived through a far more interesting history. 

Earthquakes damaged it. Domes and structural elements required repair, while later generations added 

supports, strengthened vulnerable areas and responded to problems revealed over centuries of use. The 

building that survives is therefore not simply a frozen achievement from AD 537; it also bears evidence of 

repeated observation, intervention and adaptation. 

There is humility in that history. 

Human beings create magnificent things, but even the greatest achievements remain subject to physical 

reality. Stone cracks, mortar weakens, foundations move and unexpected stresses appear. 

Yet the story is not merely one of deterioration. 

People also inspect, learn, repair and improve. 

Scientific understanding allows later generations to see things earlier builders could not see, while historical 

structures preserve practical lessons that modern engineers can continue to study. 

Knowledge travels in both directions across time. We inherit the ingenuity of earlier builders, and our 

modern understanding helps us interpret both their successes and their failures more clearly. 

 

Beneath the Dome Again 

In old age, Nikolaos returned to Hagia Sophia after another period of repair. 

He stood beneath the dome and remembered the night when the courtyard had moved beneath his feet. 

As a young man, he had thought a strong building should never move. Years of observation had taught him 

otherwise. 

Every structure deformed to some extent under load. During an earthquake, movement became unavoidable, 

so survival depended upon whether the building could accommodate that movement without catastrophic 

failure. 



He had also learned that stability was not the same as stubbornness. 

A tree that yielded to wind might survive a storm that broke a more brittle branch. The analogy was 

imperfect, as all engineering analogies are, but it helped him remember that strength could appear in more 

than one form. 

Looking upward, Nikolaos could still see the beauty that had astonished him in youth. Now, however, the 

dome carried another kind of wonder. 

He knew something of the forces moving invisibly through the masonry, the inertia hidden within every 

tonne of material and the oscillations that could awaken when the earth began to shake. He also knew that 

generations of builders had examined cracks, strengthened supports and revised earlier solutions rather than 

treating the original design as beyond question. 

The building's survival was therefore a story of both brilliance and humility. 

Its builders had created boldly, but later generations had been willing to learn. 

Nikolaos thought this was an honourable way to practise any science. 

The created world could be trusted enough to investigate, yet human understanding should never be 

mistaken for complete knowledge. Physical laws remained dependable while human models, calculations 

and designs could be corrected as evidence accumulated. 

Above him, the dome rested quietly. 

Its stillness no longer looked like the absence of movement to Nikolaos. Instead, it seemed like a temporary 

harmony among mass, force, geometry and material, achieved within a world where the ground itself could 

sometimes move. 

That knowledge did not make the building appear fragile. 

It made its long survival extraordinary. 

 

C) Narration 

Close the lesson before beginning your narration. 

Retell “The Night the Great Church Trembled” in your own words, allowing Nikolaos' changing 

understanding of structural strength to form the thread of your explanation. 

Your narration should demonstrate that you understand: 

• why earthquakes cause a different structural problem from ordinary gravitational loading  

• how inertia influences a building when its foundations accelerate  

• why mass and acceleration affect earthquake forces  

• why simply making a structure heavier is not necessarily the best solution  

• the difference between stiffness and flexibility  

• what natural frequency and resonance mean  

• how damping reduces oscillation  

• why structural damage can provide useful engineering evidence  

• how modern seismic engineering attempts to control movement rather than merely prevent it.  



 

D) Thinking Questions 

Years 7–8 

1. Why did Nikolaos initially find it strange to see Hagia Sophia moving?  

2. Explain inertia using the example of a building during an earthquake.  

3. Why can a heavier structure experience greater forces when the ground accelerates?  

4. What information might engineers obtain from the location and direction of a crack?  

5. Why is making every part of a building thicker not necessarily the best earthquake solution?  

6. Explain the difference between stiffness and flexibility.  

7. What is resonance? Use the example of the timber platform or a playground swing.  

8. What does damping do to an oscillating structure?  

9. Why did later repairs to Hagia Sophia form part of the development of engineering knowledge?  

10. How did Nikolaos' understanding of the word strength change?  

Years 9–10 

1. Use Newton's first law to explain why the upper part of a building tends to resist sudden movement 

when its foundation accelerates.  

2. Using F = ma, explain why both structural mass and ground acceleration influence inertial force.  

3. Why can two nearby buildings respond differently to the same earthquake?  

4. Explain why neither maximum stiffness nor maximum flexibility is automatically desirable.  

5. How can natural frequency influence a building's response to earthquake motion?  

6. Why is the playground-swing analogy useful for explaining resonance, and where does the analogy 

become too simple?  

7. Explain how damping can reduce the amplitude of structural oscillation.  

8. Why can controlled deformation be preferable to brittle failure?  

9. How does base isolation change the relationship between ground movement and building movement?  

10. Explain why the history of Hagia Sophia illustrates both the power and limitations of technological 

knowledge.  

 

E) Practical Investigation – Build a Shake Table 

You will construct a simple model that allows you to compare how structures respond to repeated sideways 

movement. 

Materials 

You will need: 

• two pieces of firm cardboard  

• four marbles, round pencils or short cylindrical rollers  

• elastic bands  

• tape  

• drinking straws, craft sticks or rolled paper tubes  

• cardboard for floors  

• modelling clay  

• ruler  



• stopwatch or metronome if available  

• small identical masses.  

Place the rollers between the two cardboard sheets and loosely restrain the sheets with elastic bands so that 

the upper sheet can move sideways without sliding completely away. 

This is only a classroom model. It does not reproduce the complexity, acceleration or hazards of a real 

earthquake. 

Build Two Structures 

Construct two towers of approximately equal height. 

Try to keep their total mass reasonably similar, but give them different structural characteristics. For 

example, one might use extensive diagonal bracing while another uses simple rectangular frames. 

Before testing, predict which design will perform better and explain why. 

Test 1 – Slow Shaking 

Move the upper platform sideways at a slow, reasonably regular rhythm for ten seconds. 

Record: 

• amount of sway  

• visible deformation  

• movement of the upper storey  

• damage  

• whether the structure remains standing.  

Test 2 – Faster Shaking 

Repeat with a faster rhythm while trying to maintain approximately the same sideways displacement. 

Test 3 – Additional Mass 

Attach an identical mass near the top of each structure and repeat one shaking condition. 

Record your observations in a table. 

Structure 
Shaking 

Condition 
Sway Damage Final Result 

A Slow   
  

A Fast   
  

A + mass    
  

B Slow   
  

B Fast   
  

B + mass    
  

 

F) Analyse Your Investigation 



Answer the following: 

1. Which structure showed the greatest sway?  

2. Did the faster shaking always cause greater movement? What did you actually observe?  

3. How did adding mass near the top alter the response?  

4. Did diagonal bracing change structural behaviour?  

5. Where did damage begin?  

6. Which joints experienced the greatest deformation?  

7. Was your original prediction supported?  

8. Which variables were difficult to control?  

9. Why would repeating each test several times improve confidence in your results?  

10. Which aspect of a real earthquake does your model represent poorly?  

Years 9–10 Extension – Frequency and Resonance 

Choose one undamaged model and test it at several approximate shaking frequencies, such as: 

• 1 movement cycle per second  

• 2 cycles per second  

• 3 cycles per second.  

Keep the sideways movement as consistent as reasonably possible. 

Measure or estimate the maximum sideways displacement near the top. 

Plot: 

Shaking frequency → Maximum displacement 

If one frequency produces a noticeably larger response, explain how this may relate to the natural frequency 

of your model. Avoid claiming that you have found a precise resonant frequency unless your measurements 

justify that conclusion. 

 

G) Engineering Challenge – Redesign for Survival 

Choose the weaker of your original structures. 

Your task is not simply to add as much material as possible. Instead, improve its performance while keeping 

additional mass to a minimum. 

You may alter: 

• diagonal bracing  

• joint design  

• base width  

• mass distribution  

• symmetry  

• stiffness  

• connection between the tower and shake table.  

Sketch your modification before rebuilding. 



Test the revised structure under the same shaking condition used previously, then compare the results. 

Design Evaluation 

Explain: 

• what you changed  

• why you expected the change to help  

• what happened during testing  

• whether the evidence supported your reasoning  

• what you would modify next.  

A successful engineer does not merely announce that Version 2 is “better.” The improvement should be 

demonstrated through evidence. 

 

H) Optional Extension – Model Base Isolation 

Construct two identical simple model buildings. 

Attach one directly to the shake-table surface. For the second, experiment with a simple low-friction or 

flexible interface between the model and its base. 

Compare their motion during the same shaking sequence. 

Observe the movement of both the base and the upper structure. 

Then explain why a successful isolation system must do more than allow the building to slide freely. A real 

design must control displacement, support the building's weight and respond safely under a range of 

earthquake motions. 

 

I) Science as a Human Endeavour – Learning from 

Failure 

Hagia Sophia's history provides an opportunity to examine an important question in science and 

engineering: 

What should we do when evidence shows that a respected design is imperfect? 

The first dome was an extraordinary engineering achievement, yet damage and collapse showed that parts of 

the structural system required reconsideration. Rebuilding did not dishonour the original architects; rather, it 

used new evidence to continue their work more wisely. 

Scientific and engineering knowledge advances when explanations and designs remain open to testing. 

Evidence may confirm an idea, reveal its limits or require substantial revision. 

Write a short response explaining why respect for earlier knowledge should not become refusal to 

correct it. 



Use Hagia Sophia and one modern example of engineering improvement to support your argument. 

 

J) God’s Big Story Reflection – Wisdom When the 

Ground Moves 

Read Proverbs 22:3: 

“The prudent see danger and take refuge, but the simple keep going and pay the penalty.” 

Earthquake engineering is a particularly clear example of knowledge being used in the service of others. 

An engineer cannot prevent tectonic plates from moving, nor can a building designer remove inertia from 

matter. Wisdom begins by understanding the conditions that actually exist rather than wishing the world 

behaved differently. 

Creation – Dependable Laws Within a Dynamic World 

An earthquake may seem chaotic to someone experiencing it, yet the motion still occurs within an ordered 

physical world. 

Mass retains inertia, forces produce acceleration, waves transfer energy and materials respond according to 

their physical properties. Scientists can therefore measure earthquakes, identify patterns in ground motion 

and develop models of structural response. 

The Earth's crust can move unpredictably from the human point of view without the laws of motion 

themselves becoming unpredictable. 

That distinction is important. Science does not require every event to be easy to forecast; it requires the 

physical relationships involved to be sufficiently regular that they can be investigated. 

Fall – Human Knowledge Has Limits 

Hagia Sophia's damaged dome reminds us that impressive achievement does not equal complete 

understanding. 

Builders can misjudge forces, designers may encounter conditions they did not anticipate, and even carefully 

engineered modern structures retain some level of risk. 

Humility is therefore essential to responsible science. 

It allows an engineer to ask whether an assumption might be wrong, whether evidence has been overlooked 

or whether another person's criticism deserves attention. Humility also makes it possible to examine failure 

without spending all our energy defending the decisions that preceded it. 

A cracked wall should be investigated rather than silenced. 

Redemption – Knowledge Used to Protect 

Modern seismic engineering has transformed lessons learned from earthquakes into technologies intended to 

protect human life. 



Stronger connections, carefully designed structural systems, improved materials, dampers and base-isolation 

technologies are not impressive merely because they demonstrate clever physics. Their deeper value lies in 

the people who may survive because the building around them has been designed responsibly. 

Knowledge becomes service when it is used for the wellbeing of others. 

Within a Christian understanding of stewardship, that responsibility is significant because the people inside 

a building are more valuable than the building itself. 

Restoration – Repair, Learn and Build More Wisely 

Hagia Sophia survived through repeated repair and adaptation. 

Its history therefore gives us a richer picture than a story of flawless human genius. Earlier builders created 

something extraordinary, later generations encountered weaknesses, and still others used additional 

knowledge to preserve what could be preserved while strengthening what needed attention. 

There is wisdom in such a pattern. 

We should value what earlier generations discovered without pretending they knew everything. Likewise, 

we should use modern knowledge confidently without imagining that our own generation has reached the 

end of understanding. 

Nikolaos eventually realised that a structure could be strong without being utterly rigid. In a similar way, 

intellectual strength does not require refusing to change our minds. A person who responds thoughtfully to 

good evidence may become stronger precisely because correction has been allowed to reshape 

understanding. 

Scientific inquiry is at its best when confidence and humility remain together. We investigate because 

creation is intelligible, but we continue testing because our own understanding is incomplete. 

Reflection Question 

Respond in your Science Journal: 

How does earthquake engineering demonstrate that humility, careful observation and willingness to 

revise a design can be forms of wisdom rather than signs of weakness? 

 

K) Portfolio Evidence 

Retain the following in your Science, Technology & Health Portfolio: 

• narration of “The Night the Great Church Trembled”  

• responses to the Thinking Questions  

• shake-table investigation and data table  

• frequency-response graph if completed  

• Version 1 and Version 2 structural designs  

• evaluation of your redesign  

• Science as a Human Endeavour response  

• God’s Big Story Reflection.  



 

L) Australian Curriculum v9 Mapping 

Code Full Content Description Justification 

AC9S9U04 
use wave and particle models to describe energy transfer through different 

mediums and examine the usefulness of each model for explaining phenomena 

Students examine seismic waves as transfers of energy 

through the Earth and consider how wave characteristics 

influence ground and structural motion. This provides 
contributing coverage of the wave component rather than 

complete coverage of the description.  

AC9S9H02 
investigate how advances in technologies enable advances in science, and how 

science has contributed to developments in technologies and engineering 

Students examine how observations of earthquake damage, 
structural modelling and developing scientific knowledge 

have contributed to seismic engineering.  

AC9S9I01 
develop investigable questions, reasoned predictions and hypotheses to test 

relationships and develop explanatory models 
Students predict how structural design, added mass and 
shaking frequency will influence model behaviour. 

AC9S9I02 

plan and conduct valid, reproducible investigations to answer questions and 

test hypotheses, including identifying and controlling for possible sources of 

error and, as appropriate, developing and following risk assessments, 

considering ethical issues, and addressing key considerations regarding 

heritage sites and artefacts on Country/Place 

Students conduct repeated shake-table investigations while 
attempting to control model dimensions, loading and shaking 

conditions. 

AC9S9I04 

select and construct appropriate representations, including tables, graphs, 

descriptive statistics, models and mathematical relationships, to organise and 

process data and information 

Students use physical models, data tables and a frequency-
response graph to represent structural behaviour. 

AC9S9I05 
analyse and connect a variety of data and information to identify and explain 

patterns, trends, relationships and anomalies 

Students analyse relationships among mass distribution, 

bracing, shaking frequency and structural response. 

AC9S9I06 
assess the validity and reproducibility of methods and evaluate the validity of 

conclusions and claims, including by identifying assumptions, conflicting 

evidence and areas of uncertainty 

Students evaluate limitations in their shake-table procedure 
and distinguish the behaviour of simplified models from real 

buildings. 

AC9S10U05 
investigate Newton’s laws of motion and quantitatively analyse the relationship 

between force, mass and acceleration of objects 

Students apply inertia and F = ma to earthquake loading, 
explaining how ground acceleration and structural mass 

produce inertial forces. The model investigation extends the 

Newtonian mechanics introduced in Lesson 19. 

AC9S10H02 
investigate how advances in technologies enable advances in science, and how 

science has contributed to developments in technologies and engineering 

Students investigate how scientific understanding of motion, 

vibration and structural response has contributed to 

technologies such as damping and base isolation.  

AC9S10I01 
develop investigable questions, reasoned predictions and hypotheses to test 

relationships and develop explanatory models 

Students develop predictions concerning structural geometry, 

mass and frequency before testing their models. 

AC9S10I04 
select and construct appropriate representations, including tables, graphs, 

descriptive statistics, models and mathematical relationships, to organise and 

process data and information 

Students organise observations and measurements using 
tables, structural models and frequency-response graphs. 

AC9S10I05 
analyse and connect a variety of data and information to identify and explain 

patterns, trends, relationships and anomalies 

Students connect experimental results with concepts of inertia, 

stiffness, resonance and damping. 

AC9S10I06 
assess the validity and reproducibility of methods and evaluate the validity of 

conclusions and claims, including by identifying assumptions, conflicting 

evidence and areas of uncertainty 

Students identify limitations in their physical models and 
evaluate whether their evidence is sufficient to support 

conclusions about improved structural performance. 

  



 

TOPIC 

8 

ETHICS IN SCIENCE 

Lesson 22 – The Question Beyond the Instrument: 

What Science Can and Cannot Tell Us 

Theme: Knowledge, Evidence and the Boundaries of Scientific Explanation 

Character Focus: Honour & Reverence – valuing scientific knowledge without demanding that it answer 

questions beyond its proper reach, and recognising that intellectual humility is essential to wisdom. 

Learning Objectives 

By the end of this lesson, you should be able to: 

• explain what makes a question scientifically investigable  

• distinguish empirical questions from questions involving morality, meaning, purpose or value  

• recognise that science can contribute evidence to ethical decisions without making those decisions 

for us  

• explain why the limits of scientific methods do not make science weak or unimportant  

• evaluate claims that use scientific evidence to support conclusions extending beyond what the 

evidence can establish  

• consider how social values and human needs influence the scientific questions people choose to 

investigate.  

 

A) Introduction – A Powerful Method with a 

Particular Task 

Throughout this course, science has allowed us to investigate an astonishing range of phenomena. We have 

considered matter, fermentation, genetics, nervous systems, light, forces, earthquakes and the behaviour of 

materials, gradually discovering that very different parts of creation can be examined through observation, 

measurement, models and evidence. 

Science is remarkably powerful because it asks certain kinds of questions extraordinarily well. 

We can investigate how rapidly an object accelerates, how a chemical reaction changes when temperature 

rises, which wavelengths pass through coloured glass, how genes are inherited, or how the nervous system 

responds to a stimulus. Each question can be connected, at least in principle, with observations or 

measurements that other investigators can examine. 

Yet not every important question has that form. 



A physician can investigate whether a treatment is likely to prolong someone's life, but the scientific data 

alone cannot decide whether access to that treatment is being distributed justly. Neuroscience can investigate 

what occurs in the brain when someone experiences affection or grief, although measurements of neural 

activity do not by themselves establish what love means or why faithfulness should be valued. Astronomy 

can investigate the movement and composition of stars, whereas the question of whether human life 

possesses ultimate purpose belongs to a different kind of enquiry. 

The Primary course introduces this topic as “Knowledge with Humility”, asking students to distinguish 

scientific questions from questions involving meaning, purpose and ethics. At Years 7–10, we can make that 

distinction more carefully. 

The lesson is not arguing that science is unimportant because it has limits. Every useful method has 

boundaries. A ruler is excellent for measuring length precisely because we do not ask it to measure justice. 

The challenge is to know which questions our scientific instruments and methods are capable of answering, 

then recognise when another kind of reasoning is also required. 

Key Terminology 

Empirical – based upon observation, measurement or experience 

Scientific question – a question that can be investigated using observations, measurements, evidence and 

testable explanations 

Hypothesis – a proposed explanation or prediction that can be tested against evidence 

Evidence – information used to support, challenge or refine a conclusion 

Inference – a conclusion reached by reasoning from available evidence 

Ethics – reasoned consideration of what is right, wrong, just, harmful or responsible 

Value judgement – a judgement about what is good, important, desirable or worthy 

Worldview – a broad framework of beliefs through which a person understands reality, meaning and human 

life 

Scientism – the philosophical claim that science is the only, or overwhelmingly superior, source of genuine 

knowledge; this claim is different from science itself 

Intellectual humility – willingness to recognise the limits of one's knowledge, methods and conclusions 

 

B) Informational Story 

The Question the Physician Could Not Weigh 

The rain had begun before dawn and settled over Constantinople with unusual persistence, softening the 

outlines of rooftops and turning the streets near the harbour into narrow rivers of mud. 

Theodora arrived at the infirmary with the lower edge of her cloak soaked through. 



“You are late,” said Physician Matthaios. 

“Only slightly.” 

“You are wet enough to have travelled from Antioch.” 

“The street outside the bakery has become a lake.” 

Matthaios looked towards the rain beating against the shutters. 

“Then perhaps the fish will begin buying bread.” 

Theodora smiled as she placed her writing tablet on the bench. 

At seventeen, she had been studying under Matthaios long enough to know that his jokes usually preceded a 

question. He was a fictional physician for the purposes of our story, but the medical setting reflects a 

genuine feature of Byzantine society: physicians inherited substantial Greek and Roman traditions of 

medicine, while hospitals and charitable institutions became increasingly important within the Christian 

Byzantine world. 

Matthaios belonged to an age long before microscopes, germ theory, clinical trials or modern biochemistry. 

His understanding was therefore limited by the knowledge and instruments available to him. 

Even so, he believed careful observation was better than confident guessing. 

That morning a merchant named Stephanos had been brought to them with a fever. 

Matthaios examined him, listened to his breathing and asked questions about when the illness had begun. He 

considered the man's pulse and appearance, then requested information about his food, sleep and recent 

travel. 

Theodora recorded what she could. 

Afterwards, when they stepped into the adjoining room, she asked the question that had been troubling her. 

“Will he recover?” 

“I do not know.” 

The answer surprised her. 

“You have treated many people with fevers.” 

“Yes.” 

“Then surely you know.” 

“I know more than I did before I examined him, but that is not the same as knowing everything that will 

happen.” 

Matthaios drew a line across her wax tablet. 

“On this side, write what we have observed.” 

She recorded the fever, weakness, breathing and other signs. 



“Now write what we have inferred.” 

Theodora added several possible explanations. 

Matthaios studied the tablet. 

“Which column is certainty?” 

“Neither.” 

“Good.” 

 

Evidence Does Not Become Better by Pretending It Is Certain 

Modern medicine can investigate illness with methods Matthaios could scarcely have imagined. Blood tests 

reveal chemical and cellular information, imaging technologies allow clinicians to examine structures within 

the body, while microbiology can identify pathogens that are completely invisible to unaided human sight. 

Yet modern science has not abolished uncertainty. 

A physician may possess strong evidence that a treatment benefits most patients with a particular condition 

while remaining unable to predict the exact outcome for one individual. Statistical relationships describe 

probabilities rather than promising identical futures for everyone. 

Scientific confidence should therefore be proportional to the quality of the evidence. 

When data are strong and findings have been repeatedly tested, researchers may justifiably speak with 

substantial confidence. Where evidence is limited, contradictory or preliminary, responsible conclusions 

become correspondingly cautious. 

Theodora was beginning to understand this distinction. 

She had assumed that admitting uncertainty revealed ignorance. Matthaios regarded it differently: 

recognising precisely where knowledge ended protected people from false confidence. 

“I would rather tell a patient that I am uncertain,” he said, “than give him confidence borrowed from my 

pride.” 

 

The Question Behind the Question 

Later in the morning, Stephanos woke. 

Matthaios sat beside him and explained what little they presently understood. The merchant listened quietly, 

then asked a question neither physician nor apprentice expected. 

“Why has God allowed this to happen to me?” 

Theodora glanced towards Matthaios. 

She waited for the physician's answer. 



He remained silent for several moments. 

Finally, he said, “I can speak with you about your illness, but I should not pretend that your pulse gives me 

the answer to that question.” 

Afterwards Theodora followed him into the corridor. 

“You did not answer him.” 

“No.” 

“Could you not have said something?” 

“I could have said many things. That does not mean my medical examination had proved them.” 

The difference is fundamental. 

Science can investigate mechanisms associated with disease: what biological processes are occurring, how 

an infection spreads, which treatment alters outcomes and which factors increase risk. 

Stephanos, however, had asked a question of meaning. 

Why had suffering entered his particular life? How should he respond to it? Could his experience have 

purpose? What should he believe about God within it? 

No thermometer, microscope or statistical analysis can be designed to measure the personal or theological 

meaning of suffering in the same way that it measures temperature, cells or treatment outcomes. 

That does not make the question meaningless. 

It means the question belongs to a wider field of human reasoning. 

 

Questions Science Can Touch Without Owning 

Theodora thought about Stephanos' question throughout the day. 

At midday she approached Matthaios again. 

“So science answers facts, while faith answers everything else?” 

Matthaios shook his head. 

“That division is too easy.” 

He was right. 

Questions often overlap. 

Consider a decision about providing clean drinking water to a city. Science can investigate contaminants, 

disease transmission and methods of purification. Engineering can compare filtration systems and calculate 

capacity, while environmental science may identify consequences for rivers or soils. 



When people must decide which community should receive limited resources first, however, evidence 

alone does not generate the moral principle of justice. 

Scientific information remains essential to the decision because moral intentions without accurate 

knowledge can produce disastrous results. Nevertheless, ethical reasoning is also necessary because data do 

not contain instructions telling us which human interests deserve priority. 

A similar relationship appears in medicine. 

Science can estimate whether a treatment works and identify possible harms, while economics may analyse 

costs and availability. Yet decisions involving consent, fairness, human dignity or acceptable risk require 

ethical principles alongside empirical evidence. 

Theodora considered this. 

“So science may help answer part of a question without answering the whole thing.” 

“Frequently.” 

That insight is far more useful than constructing two sealed boxes labelled SCIENCE and EVERYTHING 

ELSE. 

Human problems do not arrive neatly sorted by school subject. 

 

Can Science Tell Us What Is Beautiful? 

That evening the rain stopped, and Theodora walked with Matthaios towards Hagia Sophia. 

Late sunlight broke through the clouds and struck the upper surfaces of the great church. 

“You studied the building when you were younger,” Matthaios said. “Is it beautiful?” 

“Yes.” 

“How did you measure that?” 

Theodora laughed. 

“I did not.” 

“Then perhaps you have no evidence.” 

“That seems unfair.” 

It would indeed be unfair to conclude that beauty is meaningless simply because it cannot be reduced to one 

scientific measurement. 

Science can investigate many aspects of aesthetic experience. Researchers can study visual perception, 

colour relationships, auditory processing, brain responses and patterns of preference. Historians can examine 

how artistic standards differ among cultures and periods. 



Such research may tell us a great deal about how people experience beauty and which features frequently 

contribute to particular responses. 

However, a brain scan showing activity while someone listens to music is not identical with a judgement 

about whether that music is profound, trivial, beautiful or morally worthwhile. 

The measurement and the judgement concern related but different questions. 

Matthaios pointed towards the dome. 

“Geometry helps explain its proportions. Physics explains why it stands, while our knowledge of light helps 

us understand why the interior changes through the day. Have those explanations settled whether it deserves 

admiration?” 

“No.” 

“Have they made admiration irrational?” 

“Certainly not.” 

There are situations in which scientific explanation contributes to a judgement without exhausting it. 

 

The Dangerous Word “Therefore” 

The following day Matthaios placed several statements before Theodora. 

The first read: 

People who sleep for sufficient time generally perform better on many measures of attention. 

Therefore, everyone who sleeps less than eight hours is irresponsible. 

Theodora frowned. 

“The first statement might be scientifically investigated.” 

“And the second?” 

“It adds a judgement.” 

Matthaios nodded. 

Another statement read: 

A particular technology can increase crop production. Therefore, the government should require 

every farmer to use it. 

Again, scientific evidence could investigate the technology's effect on yield, resource use and environmental 

consequences. Whether compulsory adoption would be wise or just requires additional reasoning about 

costs, individual circumstances, competing values, risks and rights. 

The word therefore can conceal a remarkable amount of philosophy. 



A scientific finding may establish that an action has a particular consequence, but deciding what should be 

done with that knowledge often requires premises that were not produced by the experiment itself. 

This does not prevent scientists from contributing to public policy or ethical discussion. Scientists are 

citizens and moral agents as well as researchers, and their specialist knowledge may be indispensable. 

The important distinction is between saying: 

“The evidence indicates this outcome.” 

and claiming: 

“Science itself has proved that society must choose this value.” 

The first may be an empirical conclusion. 

The second usually contains ethical or philosophical reasoning as well. 

 

The Telescope and the Emperor 

Several weeks later, Theodora attended a gathering where scholars discussed an unusual light seen in the 

night sky. 

One speaker confidently announced that the appearance signalled divine anger towards the Empire. 

Another dismissed the claim and insisted that studying the heavens proved God had nothing to do with them. 

Theodora found herself dissatisfied with both conclusions. 

Neither had emerged from the observation itself. 

Astronomical investigation can examine an object's position, motion, brightness and other physical 

characteristics. With modern instruments, scientists can analyse spectra and infer composition, temperature 

and velocity. 

However, the claim that a celestial event represents a particular divine message requires theological 

reasoning beyond the astronomical measurements. In the opposite direction, describing the physical 

mechanism of an astronomical event does not logically prove that the universe has no Creator. 

Science studies the natural world through particular methods. 

A philosophical claim about whether physical reality is all that exists is not itself an experimental result. 

This distinction becomes especially important when people confuse methodological naturalism with 

metaphysical naturalism. 

In scientific investigation, researchers ordinarily seek explanations involving observable natural processes 

because those are the kinds of explanations the scientific method can test. That methodological rule does 

not, by itself, establish the philosophical claim that nothing beyond nature exists. 

Theodora realised that people could exceed the evidence in opposite directions. 



One person might call every unexplained event miraculous without adequate reason, while another might 

assume that a scientific mechanism removes every possibility of theological meaning. 

Intellectual humility asks both to distinguish carefully between what has been observed and what has been 

inferred. 

 

Science and the Values That Guide Research 

A few months later, an outbreak of illness increased demand at the infirmary. 

Physicians began asking practical questions urgently. How was the illness spreading? Which groups 

appeared most vulnerable? What treatments offered genuine benefit, and how could limited resources be 

used effectively? 

The problems were scientific, but another question lay beneath them: 

Why investigate this disease rather than something else? 

Scientific research always occurs within human societies where time, money and attention are limited. 

Governments, universities, charities, industries and communities therefore make decisions about which 

problems receive priority. A society concerned about an emerging disease may direct substantial resources 

towards vaccine research, whereas regions facing severe water insecurity may place greater emphasis upon 

sanitation and purification technologies. 

Economic priorities can shape research, but so can compassion, military concerns, commercial 

opportunities, environmental pressures or public fear. 

This does not mean scientific findings are simply opinions created by society. The physical world constrains 

which claims evidence can support. 

Rather, society can strongly influence which questions are asked, which projects are funded, and which 

discoveries are developed into widely available technologies. 

That distinction is important. 

Values do not decide whether water boils at a particular temperature under specified conditions, but values 

may influence whether a community invests in research on water purification. 

 

When Capability Outruns Wisdom 

One afternoon Theodora found Matthaios examining a surgical instrument. 

“Is this good?” he asked. 

“It is a good instrument.” 

“That was not my question.” 

She reconsidered. 



The object itself had been designed to cut tissue accurately. In skilled hands and under appropriate 

circumstances, such a tool might enable a physician to treat injury. 

The same sharpness could also cause harm. 

Scientific knowledge and technological capability often increase what human beings can do without 

automatically increasing our wisdom about what we should do. 

This gap becomes more important as technology becomes more powerful. 

Understanding genetics can assist the diagnosis of inherited disease, yet genetic information can also raise 

questions about privacy, discrimination and how human beings judge one another. Chemistry can produce 

medicines and clean-water technologies, although chemical knowledge can also be directed towards harmful 

substances. Nuclear physics has contributed to medical imaging and energy technologies while also enabling 

weapons capable of extraordinary destruction. 

Capability is therefore not an ethical conclusion. 

The statement “We can do this” must sometimes be followed by the much harder question: “Should we?” 

Lessons 23 and 24 will examine that problem directly. 

For now, Theodora was learning the first discipline of ethical science: knowing when evidence has answered 

the question and when the deepest part of the question still remains. 

 

A Patient, a Physician and the Measure of a Life 

Stephanos eventually recovered. 

Months after his illness, he returned to the infirmary carrying a basket of fruit. 

“You were wrong about me,” he told Matthaios cheerfully. 

“I told you that I did not know whether you would recover.” 

“Exactly. You should have known.” 

Matthaios accepted the fruit. 

“I shall try to become omniscient before your next illness.” 

Stephanos laughed and turned towards Theodora. 

“He admits ignorance very elegantly.” 

After the merchant left, she remembered his earlier question: Why has God allowed this to happen to me? 

Science had helped Matthaios investigate his body. Medical knowledge had guided treatment, while 

observation allowed the physician to recognise changes in his condition. 

None of that knowledge was small. 



To describe the limits of science was not to diminish what science had achieved. 

Yet Stephanos was more than a biological system whose temperature could be recorded. His fears, 

responsibilities, relationships, beliefs and hopes belonged to the reality of his life even when they could not 

be represented completely on a physician's chart. 

Theodora had once imagined that humility meant knowing less. 

She now saw that genuine intellectual humility demanded something much more difficult: knowing enough 

about a method to recognise both its strength and its boundaries. 

A careless person might dismiss science whenever its findings became inconvenient. Someone equally 

careless might demand that science settle questions it was never designed to settle. 

The wise approach honoured evidence without worshipping the method that produced it. 

Years later, when Theodora herself taught younger students, she kept one of Matthaios's old instruments 

beside her writing desk. It reminded her that every instrument was fashioned for a particular kind of 

observation. 

A balance could reveal mass but not justice; a clock could measure duration without telling a person whether 

an hour had been wisely used. Likewise, a scientific investigation could illuminate extraordinary dimensions 

of the created world while leaving other questions to philosophy, history, ethics and theology. 

The limitations of the instrument were not defects. 

Understanding those limitations allowed the instrument to be used truthfully. 

 

C) Narration 

Close the lesson before beginning your narration. 

Retell “The Question the Physician Could Not Weigh” in your own words, allowing Theodora's changing 

understanding of science to guide your explanation. 

Your narration should show that you understand: 

• why scientific knowledge may be reliable without providing absolute certainty  

• what makes a question empirically investigable  

• how a scientific question can overlap with an ethical or philosophical question  

• why evidence about consequences does not automatically decide what people ought to do  

• how scientific research can investigate aspects of beauty, love or behaviour without reducing those 

experiences entirely to measurements  

• why social needs and values can influence which scientific questions receive attention  

• why acknowledging the limits of science is different from rejecting science.  

 

 

 

 



D) Thinking Questions 

Years 7–8 

1. Why did Matthaios distinguish between what had been observed and what had been inferred about 

Stephanos?  

2. Why was the question “Why has God allowed this to happen to me?” different from a question about 

the cause of Stephanos' fever?  

3. Give one example of a problem for which scientific evidence is necessary but not sufficient to make 

the final decision.  

4. Why can science investigate some aspects of beauty without settling every judgement about whether 

something is beautiful?  

5. Explain why the statement “We can do it, therefore we should do it” is incomplete.  

6. How might society influence the direction of scientific research?  

7. What is intellectual humility?  

8. Why is admitting uncertainty sometimes a sign of good science rather than weak science?  

9. Explain the difference between a scientific conclusion and an ethical judgement.  

10. Why did Theodora keep Matthaios's instrument beside her desk?  

Years 9–10 

1. Explain why uncertainty and ignorance are not identical.  

2. Why should the strength of a scientific conclusion be proportional to the strength of its evidence?  

3. Analyse the statement: “A scientific fact cannot, by itself, tell us what we ought to value.”  

4. How can scientific evidence legitimately contribute to an ethical decision without determining the 

entire decision?  

5. Explain how the word “therefore” can conceal an unstated value judgement in arguments about 

science.  

6. Distinguish methodological naturalism in scientific practice from the philosophical claim of 

metaphysical naturalism.  

7. Why would it be incorrect to conclude that social influence upon research priorities means scientific 

findings are merely socially invented?  

8. Give an example of a scientific discovery that generates ethical questions because it increases human 

capability.  

9. How could scientism differ from science itself?  

10. Evaluate this statement: “The boundaries of science protect its reliability because they help us 

avoid claiming more than our evidence can establish.”  

 

E) Investigation – What Kind of Question Is This? 

For each question below, decide which description fits best: 

A. Primarily scientifically investigable 

B. Requires scientific evidence but also ethical/value reasoning 

C. Primarily philosophical, ethical, theological or aesthetic 

Some questions may reasonably involve more than one category. If so, explain why. 

1. Does increasing temperature change the rate of a particular chemical reaction?  

2. Which water-treatment method removes the greatest proportion of a specified contaminant?  



3. Should clean drinking water be considered a basic human responsibility of government?  

4. What happens to reaction time after severe sleep deprivation?  

5. Is it ethical for an employer to require access to an employee's genetic information?  

6. Which structural design survives the greatest acceleration on a shake table?  

7. Should a historically important building be preserved if restoration is extremely expensive?  

8. What physical properties contribute to the colour of blue glass?  

9. Is a particular mosaic beautiful?  

10. Which medical treatment produces the best average survival outcome?  

11. How should a scarce treatment be distributed when there is not enough for everyone?  

12. Does human life possess intrinsic value?  

Your Task 

Create a table with three columns: 

Question Classification Reason 

 

  

  

 

 

 

  

 

 

 

  

Do not base your classification merely upon whether the question sounds “scientific.” Explain what kind of 

evidence or reasoning would actually be required to answer it. 

 

F) The Hidden Premise Challenge 

Consider each argument carefully. 

Claim 1 

Research indicates that a particular technology can increase agricultural yield. Therefore, every 

farmer should be required to adopt it. 

Claim 2 

A medical intervention can extend average life expectancy. Therefore, everyone offered the treatment 

should accept it. 

Claim 3 

A particular study technique improves average examination performance. Therefore, students who 

refuse to use it are behaving wrongly. 

For each claim: 

1. identify the scientific or empirical statement  

2. identify the ethical, political or value conclusion  



3. explain what additional assumptions are required to move from the evidence to the conclusion  

4. identify further evidence that might be relevant  

5. rewrite the claim so that it does not pretend science alone has settled the value judgement.  

Years 9–10 Extension 

Express one argument in this form: 

Evidence: 

Unstated value premise: 

Conclusion: 

Then explain why identifying the hidden premise improves the quality of reasoning. 

 

G) Evidence, Inference and Certainty 

Read these four statements: 

1. The investigation found that 68% of participants improved under the tested condition. 

2. The treatment will work for this individual person. 

3. The treatment probably improves outcomes for people similar to those represented in the study. 

4. Because the treatment improves outcomes, it would be morally wrong ever to refuse it. 

Rank these statements according to how directly they could be supported by the original experimental data. 

Explain your ranking. 

Consider carefully how the reasoning changes as we move from: 

measurement → generalisation → individual prediction → moral judgement 

Scientific reasoning often becomes less reliable when people move through these stages without 

acknowledging the additional assumptions involved. 

 

H) Science as a Human Endeavour – Why Do We 

Research Some Things and Not Others? 

Imagine that a research organisation has enough funding to support only one major project: 

• improved treatment for a rare disease  

• drought-resistant crops  

• lower-cost renewable energy storage  

• improved earthquake-resistant construction  

• exploration of a distant planet.  



Assume that each project is scientifically worthwhile. 

Your task is not to identify an obviously correct winner. Instead, explain what values and social needs 

could influence the choice. 

Consider: 

• number of people affected  

• severity of the problem  

• economic cost  

• environmental impact  

• scientific opportunity  

• urgency  

• fairness  

• long-term benefit  

• cultural priorities.  

Then answer: 

Does the fact that values influence research priorities make the eventual scientific findings less 

scientific? Explain your reasoning. 

This activity connects directly with the Australian Curriculum requirement to examine how the values and 

needs of society influence the focus of scientific research.  

 

I) Evaluating a Claim – “Science Says…” 

The phrase “science says” often appears in advertisements, news reports and public debates. 

Choose one example from a newspaper, website, advertisement or other source where scientific evidence is 

used to support a claim. 

Do not simply decide whether you agree with it. 

Analyse the reasoning. 

Ask: 

• What is the actual scientific claim?  

• What evidence is offered?  

• Is the evidence primary research, a summary, an expert opinion or merely an assertion?  

• Does the conclusion remain within the scope of the evidence?  

• Have uncertainties been acknowledged?  

• Does the argument move from “is” to “ought” without explaining the ethical premise?  

• Could commercial, social or political values be influencing how the evidence is presented?  

• What additional information would help you evaluate the claim fairly?  

Years 9–10 

Write a short evidence-based evaluation in which you distinguish clearly between: 



what the evidence supports, what remains uncertain, and what depends upon values or ethical 

judgement. 

 

J) God’s Big Story Reflection – Knowledge with 

Humility 

Read Proverbs 18:13: 

“To answer before listening—that is folly and shame.” 

There is a temptation to think that intellectual strength means always having an answer. 

The opposite is often true. 

A person who understands a subject deeply becomes increasingly aware of where strong evidence ends, 

where uncertainty begins and where another kind of reasoning is required. 

Creation – A World We Can Truly Investigate 

Christian thought has strong reason to value scientific investigation because creation is understood as real, 

ordered and worthy of careful attention. 

The world is not merely an illusion of the human mind. Physical causes can be investigated, patterns can be 

discovered, and knowledge can grow when people observe faithfully and correct mistaken ideas. 

This gives science dignity. 

When we discover how neurons transmit signals, why arches carry compression or how light interacts with 

matter, we are uncovering features of a world that possesses intelligible structure. 

Respecting the limits of science does not weaken that achievement. It allows us to appreciate what scientific 

investigation actually accomplishes without exaggerating its claims. 

Fall – Knowledge Can Become Pride 

Human beings do not merely make mistakes because we lack information. We can also become proud of the 

information we possess. 

Scientific success may tempt people to assume that a method which answers many questions must 

eventually answer every meaningful question. At the other extreme, disappointment with one scientific 

claim can encourage someone to dismiss carefully established evidence altogether. 

Neither response demonstrates intellectual maturity. 

Pride can appear in excessive certainty, but it can also appear when we refuse correction because evidence 

challenges something we would prefer to believe. 

Humility requires us to listen before answering and to distinguish between what we know, what we infer and 

what we merely assume. 



Redemption – Truth Is Larger Than Our Instruments 

Christian faith does not require us to fear scientific discovery. 

If an investigation reveals that our understanding of the natural world has been mistaken, truth has not been 

harmed; our description of reality has simply become more accurate. 

At the same time, Christianity does not reduce every meaningful truth to what can be measured 

experimentally. 

Questions about justice, moral responsibility, beauty, human dignity and the meaning of suffering require 

forms of reasoning that extend beyond laboratory measurement. Scientific evidence may illuminate these 

discussions powerfully, but it does not replace moral and theological thought. 

For the Christian, truth is not divided into a sacred realm where evidence is irrelevant and a scientific realm 

where God is absent. Instead, different questions require different methods of investigation, while all 

genuine truth ultimately belongs to the same reality. 

Restoration – Science as a Servant of Wisdom 

Science becomes especially fruitful when it contributes to wise action. 

Medical research can help us understand which treatments are effective, but compassion and justice 

influence how care is provided. Environmental science can reveal the consequences of pollution, while 

stewardship shapes the responsibility we accept towards creation and future generations. 

Engineering tells us whether a structure is likely to stand; wisdom also asks whom it serves and whether the 

risks imposed upon others are acceptable. 

In each case, empirical knowledge is indispensable without being sufficient by itself. 

The Primary course expresses this simply: “Knowledge grows best when guided by humility.” At 

secondary level, we can deepen that statement. Humility does not ask us to weaken evidence or apologise 

for knowledge; instead, it asks us to speak confidently when the evidence is strong, cautiously when 

uncertainty remains, and honestly when a question has moved beyond what scientific methods alone can 

decide. 

That combination of confidence and restraint is one form of intellectual honour. 

Reflection Question 

Respond in your Science Journal: 

Why is recognising the proper limits of science an expression of respect for science rather than a 

rejection of it? 

 

K) Portfolio Evidence 

Retain the following in your Science, Technology & Health Portfolio: 

• narration of “The Question the Physician Could Not Weigh”  



• responses to the Thinking Questions  

• question-classification table  

• Hidden Premise Challenge  

• evidence, inference and certainty analysis  

• research-priority response  

• evaluation of a real-world “science says” claim  

• God’s Big Story Reflection.  

 

L) Australian Curriculum v9 Mapping 

Code Full Content Description Justification 

AC9S9H03 
analyse the key factors that contribute to science knowledge and practices 

being adopted more broadly by society 

Students consider how social priorities, trust, perceived benefit, 

risk and values can influence whether scientific knowledge and 
technologies are accepted and applied.  

AC9S9H04 
examine how the values and needs of society influence the focus of scientific 

research 

Students explicitly compare competing research priorities and 

analyse how health needs, environmental pressures, economics, 
fairness and other social values can influence research choices.  

AC9S9I06 

assess the validity and reproducibility of methods and evaluate the validity 

of conclusions and claims, including by identifying assumptions, conflicting 

evidence and areas of uncertainty 

Students distinguish observations from inferences, identify 

uncertainty and examine whether conclusions extend beyond the 
evidence supporting them.  

AC9S9I07 

construct arguments based on analysis of a variety of evidence to support 

conclusions or evaluate claims, and consider any ethical issues and cultural 

protocols associated with accessing, using or citing secondary data or 

information 

Students analyse “science says” claims, identify hidden value 

premises and construct arguments that distinguish empirical 

evidence from ethical conclusions.  

AC9S9I08 

write and create texts to communicate ideas, findings and arguments 

effectively for identified purposes and audiences, including selection of 

appropriate content, language and text features, using digital tools as 

appropriate 

Students communicate classifications, evaluations and reasoned 

arguments concerning evidence, uncertainty and ethical 
judgement.  

AC9S10H03 
analyse the key factors that contribute to science knowledge and practices 

being adopted more broadly by society 

Year 10 students examine why evidence alone does not 

determine adoption and consider how benefit, risk, cost, trust 

and social values influence uptake.  

AC9S10H04 
examine how the values and needs of society influence the focus of scientific 

research 

Students evaluate competing research priorities and explain why 

decisions about funding and investigation inevitably occur 

within social contexts.  

AC9S10I06 

assess the validity and reproducibility of methods and evaluate the validity 

of conclusions and claims, including by identifying assumptions, conflicting 

evidence and areas of uncertainty 

Students examine the strength and scope of evidence and 

identify conclusions that contain assumptions not established 
scientifically.  

AC9S10I07 

construct arguments based on analysis of a variety of evidence to support 

conclusions or evaluate claims, and consider any ethical issues and cultural 

protocols associated with accessing, using or citing secondary data or 

information 

Students construct evidence-based arguments about public 

claims, ethical decisions and research priorities while 
distinguishing scientific findings from additional value 

premises.  

AC9S10I08 

write and create texts to communicate ideas, findings and arguments 

effectively for identified purposes and audiences, including selection of 

appropriate content, language and text features, using digital tools as 

appropriate 

Students prepare written evaluations and arguments in which 

evidence, inference, uncertainty and ethical reasoning are 
communicated clearly.  

 

 

  



Lesson 23 – Knowledge with Consequences: Using 

Science to Heal or Harm 

Theme: Scientific Power, Human Choice and Moral Responsibility 

Character Focus: Honour & Reverence – recognising that knowledge increases our capacity to act, and 

therefore increases our responsibility to consider whom our actions may help, whom they may harm, and 

whether the purposes we pursue are worthy. 

Learning Objectives 

By the end of this lesson, you should be able to: 

• explain why the same scientific knowledge can sometimes support both beneficial and harmful 

technologies  

• distinguish scientific capability from ethical justification  

• analyse benefits, risks, unintended consequences and competing interests in technological decisions  

• construct an evidence-based ethical argument rather than relying only on personal preference  

• consider how social values and human needs influence the development and adoption of 

technologies  

• apply principles of stewardship, justice and responsibility to a contemporary science or technology 

case study.  

 

A) Introduction – When “Can We?” Is Only the 

Beginning 

In Lesson 22, we examined the boundaries of scientific investigation and discovered that scientific evidence 

can tell us a great deal about what is, what happens, and what is likely to occur under particular conditions. 

Yet evidence does not automatically provide the moral principle telling us what we ought to do. 

Lesson 23 takes the next step. 

Scientific knowledge gives human beings extraordinary capability. Chemistry can produce medicines, 

disinfectants, fertilisers and materials that improve daily life, while the same knowledge can contribute to 

toxic substances or weapons. Nuclear physics has enabled medical imaging and some forms of cancer 

treatment, yet it has also made possible weapons capable of destroying cities. Genetics can help diagnose 

inherited disease and guide medical treatment, although genetic information may also be misused to 

discriminate against people or make assumptions about their worth. 

The Primary course introduces this theme through a simple but important distinction: scientific knowledge 

can be used to heal or harm, build or destroy, so ethical thinking must grow alongside technological 

ability. At secondary level, we need to push the question further. 

It is rarely enough to sort technologies into two neat boxes labelled GOOD and BAD. 

A technology may provide enormous benefit while creating genuine risks. One group may gain while 

another bears most of the cost. A decision that appears wise in the short term may produce consequences 

decades later, while refusing a technology can sometimes cause harm of its own. 

Ethical reasoning therefore asks us to examine evidence carefully and then reason beyond it. 



The central question of this lesson is: 

What responsibilities arise when our knowledge gives us the power to change the lives of other 

people? 

Key Terminology 

Ethics – reasoned consideration of what actions, purposes and decisions are right, just or responsible 

Benefit – a positive consequence or advantage produced by an action or technology 

Harm – injury, loss, damage or disadvantage caused to people, communities or the environment 

Risk – the possibility that an unwanted outcome may occur, considered together with its likelihood and 

severity 

Unintended consequence – an outcome that was not the original purpose of an action or design 

Stakeholder – a person or group affected by a decision 

Justice – fair and right treatment of people, including attention to who receives benefits and who carries 

burdens 

Stewardship – responsible care and use of resources, knowledge and opportunities entrusted to us 

Dual use – scientific knowledge or technology capable of both beneficial and harmful applications 

Precaution – acting carefully when serious harm is possible even though some uncertainty remains 

 

B) Informational Story 

The Fire in the Physician’s Hands 

The lamps had been lit early because a winter storm darkened Constantinople before evening. 

Rain drove against the shutters of the infirmary, and the harbour beyond the walls had disappeared beneath a 

grey curtain. Inside, Physician Theodora was preparing a treatment when her young assistant Elias entered 

carrying a bundle wrapped in linen. 

“You found it?” she asked. 

Elias placed the bundle on the table. 

“The apothecary had only a small quantity left.” 

Theodora unfolded the cloth and examined the contents. 

The substance itself is unimportant for our story, because we are not reconstructing a particular historical 

Byzantine drug recipe. What interests us is the dilemma that followed. 



A merchant named Romanos had developed a serious wound after an accident at the docks. Theodora hoped 

the preparation might help clean the damaged tissue and reduce further deterioration, although Byzantine 

medicine lacked modern germ theory and antibiotics. 

Elias watched her work. 

“It can heal him?” 

“It may help.” 

“Then why are you worried?” 

“Because the dose and the method of using it require care. A substance strong enough to damage what 

causes illness may also damage healthy tissue.” 

Elias frowned. 

“So it is both medicine and poison?” 

“That depends upon more than the name of the substance.” 

The answer stayed with him. 

Modern toxicology captures part of the same principle. The biological effect of a chemical depends upon 

factors such as dose, concentration, route of exposure and duration, while the characteristics of the exposed 

organism also influence the outcome. A substance may be useful under controlled conditions and dangerous 

under others. 

The moral character of a technology cannot therefore always be discovered merely by asking what material 

it contains. 

Purpose, quantity, method and context may transform the consequences. 

 

Knowledge Extends the Reach of Choice 

Later that evening, Theodora placed a knife beside the treatment bowl. 

“What is this?” 

“A surgical blade.” 

“Is it good?” 

Elias remembered a similar question from one of her earlier lessons. 

“It can be used well or badly.” 

“That is better.” 

A blade concentrates force along a narrow edge. Its usefulness arises precisely because it can separate 

material efficiently, which is why the same physical property allows it to cut diseased tissue or injure an 

innocent person. 



The knowledge of how to make a sharper blade does not determine which purpose the blade will serve. 

Modern technology magnifies this principle enormously. 

Scientific understanding allows human beings to influence systems that no individual could affect by 

physical strength alone. A chemical plant can produce tonnes of material, a digital network can distribute 

information to millions of people, and genetic technology can alter biological processes at a molecular level. 

As technological power increases, a single decision can influence a far wider circle of people. 

This is why ethical responsibility cannot remain an optional addition considered only after the science is 

complete. 

The greater the reach of a technology, the more carefully its possible consequences should be examined. 

 

The Harbour Fire 

Several weeks later, Elias understood the lesson more vividly. 

A fire broke out near one of the warehouses along the Golden Horn. 

By the time Theodora and Elias reached the area, workers were carrying injured people away from smoke 

and collapsing timber. The fire had begun among stored goods but spread rapidly through materials packed 

close together. 

Elias stared at the flames. 

“Fire cooks our food and warms our houses.” 

“It also burns them,” Theodora replied. 

The chemistry of combustion does not change its allegiance according to human intention. 

Combustion releases energy through chemical reactions. Under controlled conditions, that transfer of energy 

can provide warmth, light or industrial power. When the same process escapes its intended boundaries, 

however, it may destroy structures and threaten life. 

Human beings therefore design technologies not simply to make useful processes possible but also to 

constrain them. 

A furnace needs an enclosure. 

A lamp requires a stable vessel and controlled fuel supply, while modern electrical systems employ 

insulation, switches and protective devices. Industrial facilities use barriers, sensors, procedures and 

emergency systems because engineers recognise that energy capable of useful work can also cause harm 

when released in the wrong place or at the wrong rate. 

Safety is therefore an ethical idea expressed through technical design. 

It begins with the judgement that preventing avoidable harm is worth the additional effort, cost and 

complexity. 



 

When Benefit and Harm Belong to the Same Decision 

The following day, Elias assumed that responsible choices would always become obvious once enough 

information had been collected. 

Theodora challenged him. 

“Suppose we possess enough medicine for ten patients but twenty need it.” 

“Give it to those who are most ill.” 

“What if the sickest are least likely to survive even with treatment?” 

Elias hesitated. 

“Then give it to those most likely to recover.” 

“What if that means refusing treatment to a child because an adult has a better chance?” 

“That changes it.” 

“Why?” 

He did not know how to answer immediately. 

Science could contribute important evidence to such a decision. Physicians might estimate the likely benefit 

of treatment, compare the urgency of different cases and identify which patients faced the greatest risk. 

However, the final allocation also requires principles about fairness, priority, vulnerability and the value of 

each person. 

Ethical dilemmas are difficult precisely because competing goods can come into conflict. 

Saving the greatest number of lives may be an important goal, while treating people equally also carries 

moral weight. Protecting the most vulnerable may lead to a different decision from maximising overall 

benefit. 

Evidence can clarify the consequences of each option. 

It cannot make the competing moral principles disappear. 

 

The Mathematics of Risk 

Years later, Elias encountered another kind of decision when civic officials considered strengthening part of 

the city's water system. 

One proposal was expensive but substantially reduced the estimated risk of contamination. A cheaper option 

offered less protection. 

“What is the correct choice?” one official asked. 



Elias had become cautious about the word correct. 

Risk is not simply the possibility that something might go wrong. Engineers and scientists often consider 

both the probability of an unwanted event and the severity of its consequences. 

A minor inconvenience that occurs frequently may be less serious than an extremely rare event capable of 

killing thousands of people. 

This means decisions cannot be based only upon asking which outcome is most likely. 

Severity must also enter the reasoning. 

Imagine two hypothetical technologies: 

Technology A has a 20% chance of causing a brief system interruption. 

Technology B has only a 0.1% chance of failing, but if that failure occurs it could release a dangerous 

contaminant into drinking water. 

The much lower probability of Technology B's failure does not automatically make the risk trivial because 

the possible consequence is far more severe. 

Ethical judgement becomes especially important when uncertain risks could affect people who did not 

choose to accept them. 

 

Who Carries the Burden? 

Theodora had once taught Elias to ask a question that he eventually used in almost every difficult decision: 

Who receives the benefit, and who carries the burden? 

Imagine an industrial process that produces inexpensive materials used by millions of consumers. 

The product may improve comfort and reduce costs. Yet suppose the manufacturing process also releases 

pollutants into a river beside a poorer community. 

An average calculation across the whole population might suggest that the benefits exceed the costs. 

The people living beside the river might see the arithmetic differently. 

Ethical reasoning must therefore consider the distribution of consequences, not merely their total. 

A decision may appear efficient while being unjust if one group receives most of the advantages and 

another, with little influence over the decision, bears disproportionate harm. 

This is one reason stakeholder analysis has become important in contemporary science and technology. 

Researchers and designers need to ask who will be affected, whose concerns have been heard and whether 

vulnerable groups are being asked to carry risks for the convenience of others. 

The question does not always produce an easy answer, but failing to ask it can hide injustice beneath 

technical language. 



 

The Temptation of the Clever Solution 

One spring morning, Elias brought Theodora an idea for improving storage in the infirmary. 

He had worked on it for days. 

She listened carefully. 

When he finished, he expected praise. 

Instead she asked, “Who will use it?” 

“The attendants.” 

“Have you asked them whether it solves the problem they actually have?” 

“No.” 

“Then at present you have designed a clever answer to a question you may have invented.” 

Elias was offended. 

After speaking with the attendants, he discovered that his design did indeed solve one inconvenience, but it 

made another daily task considerably harder. 

The experience taught him something that applies far beyond storage furniture. 

Technical elegance is not identical with human usefulness. 

Designers can become fascinated by what a technology makes possible and lose sight of the people who 

must live with its consequences. A device may be efficient but inaccessible to people with disability, while 

an automated system might reduce costs but create new privacy concerns. Agricultural technology can 

increase yield while increasing dependence upon expensive inputs, and digital systems can make 

communication easier while creating new possibilities for surveillance or manipulation. 

Good ethical analysis therefore asks about the whole system surrounding the technology. 

A narrow technical improvement can produce a wider social problem if the designer never looks beyond the 

feature being optimised. 

 

Dual Use 

Many years after Theodora first taught him, Elias heard travellers describing substances being developed for 

both medicine and warfare. 

He was disturbed by the thought that the same scientific knowledge could travel in opposite moral 

directions. 

Modern science uses the term dual use for knowledge, materials or technologies that can support beneficial 

purposes while also carrying potential for misuse. 



Biological research may improve our understanding of disease, yet some findings could theoretically be 

misapplied to increase harmful biological capabilities. Artificial intelligence can assist medical diagnosis, 

translate languages and improve accessibility, while similar systems may be used for deception, 

manipulation or cyberattack. Drone technology can survey crops and assist emergency response, yet it can 

also be weaponised. 

Dual-use dilemmas show why ethical responsibility cannot be located only in the final user. 

Researchers, designers, institutions, governments and companies may each carry different forms of 

responsibility. 

A scientist cannot predict every future misuse of a discovery, but neither is it always reasonable to ignore 

foreseeable risks simply because someone else will make the final decision. 

Responsibility may be distributed across a chain of choices. 

 

Does Refusing Technology Also Have Consequences? 

Elias had become so concerned about technological harm that, for a time, he developed an instinctive 

preference for caution. 

Theodora challenged him again. 

“If a treatment has some risk, should we refuse to use it?” 

“Perhaps.” 

“And if refusing it leaves the patient with an even greater risk?” 

He saw the problem. 

Ethical caution must consider the consequences of inaction as well as action. 

Every new technology brings uncertainty, but refusing beneficial technology can also produce harm. A 

medicine may cause side effects, yet withholding it may allow serious disease to progress. An infrastructure 

project may disturb an ecosystem, while abandoning it could leave a community without safe water. 

The ethical question is therefore rarely whether an option is perfectly safe. 

No human decision can guarantee the elimination of all risk. 

The more useful comparison asks whether the expected benefits justify the risks, whether avoidable harms 

have been reduced, whether affected people have been treated fairly, and whether safer alternatives exist. 

Precaution should encourage careful action rather than permanent paralysis. 

 

Knowledge Does Not Carry Its Own Conscience 

Near the end of Theodora's life, Elias visited her at the infirmary where he had first studied. 



He found the old surgical blade on the table. 

“You kept it.” 

“So did you remember the lesson?” 

“That a tool can be used well or badly.” 

“That was the beginning of the lesson.” 

He waited. 

She picked up the blade. 

“What makes this dangerous?” 

“Its sharpness.” 

“What makes it useful?” 

“The same thing.” 

Theodora placed it down again. 

“That is the part people forget.” 

The very property that gives a technology power can sometimes create its danger. 

Energy can heat a city or burn it. Chemicals can destroy pathogens or damage living tissue. Information can 

educate people or manipulate them, while genetic knowledge can guide treatment or become a basis for 

discrimination. 

The solution cannot be ignorance. 

We cannot make every dangerous technology harmless by refusing to understand it, because ignorance 

creates dangers of its own. 

The more difficult task is to join knowledge with character. 

A wise scientist asks whether the evidence is strong enough, whether risks have been honestly described and 

whether the people carrying those risks have been treated justly. A responsible engineer considers 

foreseeable failure rather than designing only for ideal conditions, while communities need ethical 

frameworks that protect human dignity when commercial or political pressure encourages haste. 

Knowledge can extend the reach of human action. 

It cannot supply the conscience that directs the action. 

That responsibility remains ours. 

 

 

 



The Choice Behind the Discovery 

After Theodora died, Elias continued teaching young apprentices. 

He became known for asking uncomfortable questions. 

Whenever a student showed him a new device, he wanted to know who might be injured if it failed. When 

someone proposed a faster method, he asked what had been sacrificed to achieve the speed. If a treatment 

appeared promising, he wanted to know the evidence, the uncertainty and the people who might be excluded 

from receiving it. 

Some students found him irritating. 

He accepted the criticism. 

Scientific progress deserved excitement, but excitement should not silence judgement. 

Over time, he came to understand that honour and reverence were not attitudes that prevented human beings 

from exercising power. Properly understood, they taught people to use power without forgetting the value of 

what could be damaged. 

To honour human life is to refuse to treat people merely as experimental material or obstacles to efficiency. 

To practise stewardship is to ask whether today's convenience creates tomorrow's burden. 

To seek justice is to notice when those with the least influence are carrying the greatest risk. 

The ethical scientist therefore needs more than intelligence. 

Knowledge should be accompanied by honesty about uncertainty, courage to question profitable or popular 

decisions, and humility about consequences no model can predict perfectly. 

Science helps us understand what our actions can do. 

Wisdom asks what kind of people we should become as we decide what to do with that power. 

 

C) Narration 

Close the lesson before beginning your narration. 

Retell “The Fire in the Physician’s Hands” in your own words. Your narration should follow Elias's 

growing understanding that technological power and moral responsibility must develop together. 

Demonstrate your understanding of: 

• why a substance or technology cannot always be classified as good or bad without considering its use  

• what dual use means  

• why increasing technological capability can increase ethical responsibility  

• how probability and severity both contribute to risk  

• why the distribution of benefits and harms is important  

• how unintended consequences can arise when designers focus too narrowly on one goal  

• why refusing a technology can also have consequences  



• why evidence is essential to ethical decisions even though evidence alone does not determine the 

final judgement.  

 

D) Thinking Questions 

Years 7–8 

1. Why could the same substance potentially act as a treatment or cause harm?  

2. What did Theodora mean when she said the surgical blade's useful and dangerous properties were 

related?  

3. Explain the term dual use.  

4. Why does greater technological power increase responsibility?  

5. Why should risk be judged using both likelihood and seriousness of harm?  

6. What question did Theodora teach Elias to ask about benefits and burdens?  

7. Why can a technically clever solution still be a poor design?  

8. Why is refusing a technology not always the safest choice?  

9. Give an example of an unintended consequence of a technology.  

10. Explain why science is necessary for responsible decisions but cannot provide the entire ethical 

judgement.  

Years 9–10 

1. Analyse the claim: “Technology is neutral; only the person using it has moral responsibility.” 

What part of this statement may be useful, and where is it too simple?  

2. Why does the distribution of benefits and harms deserve separate consideration from their total 

amount?  

3. Explain how a low-probability event can still represent a serious risk.  

4. Why might designers have ethical responsibilities even when they do not control the final use of their 

technology?  

5. How does dual-use research complicate the distinction between beneficial and harmful science?  

6. Explain why technological optimisation can create problems if designers measure only one outcome.  

7. How should uncertainty influence ethical decision-making?  

8. Why can the precautionary principle become unhelpful if it is interpreted as requiring zero risk?  

9. Compare the ethical consequences of action and inaction in a medical or environmental decision.  

10. Evaluate the statement: “Knowledge expands what we can do more quickly than it teaches us 

what we should do.”  

 

E) Ethical Case Study – The Clean-Water Decision 

Imagine a regional community needs a new water-treatment system. 

Three technologies are available. 

Option Effectiveness Cost 
Energy 

Use 
Known Risk 

A 
Removes 92% of target 

contaminant 
Low Low Some contaminant remains 



Option Effectiveness Cost 
Energy 

Use 
Known Risk 

B Removes 99.5% High Moderate Very reliable but expensive 

C Removes 99.8% Moderate High 
Produces a waste product requiring careful 

disposal 

Assume each figure is based upon trustworthy scientific evidence. 

The community can afford Option B only by delaying several other important services. Option C costs less 

but creates an environmental management problem, while Option A is affordable immediately but provides 

the least protection. 

Your Task 

Identify: 

• the scientific evidence relevant to the choice  

• the stakeholders  

• the likely benefits of each option  

• the possible harms or burdens  

• uncertainties requiring further investigation  

• ethical values involved, such as health, fairness, stewardship and responsible use of money.  

Then recommend one option. 

Your recommendation must not be based merely on saying which technology is “best.” Explain best for 

whom, according to which criteria, and at what cost. 

 

F) Risk Matrix – Probability and Consequence 

Risk analysis often combines the likelihood of an event with the seriousness of its consequences. 

Create a matrix using: 

Likelihood: Rare / Unlikely / Possible / Likely 

Consequence: Minor / Moderate / Major / Severe 

Now classify these hypothetical situations: 

1. A laboratory glass vessel breaks, causing minor clean-up but no injury.  

2. A bridge component has a very low probability of sudden catastrophic failure.  

3. A medical treatment commonly causes mild temporary discomfort.  

4. A chemical-storage system has a small chance of contaminating a town's water supply.  

5. A digital platform frequently displays irrelevant advertising but occasionally exposes sensitive 

personal data.  

For each case, explain why probability alone is not enough to describe the risk. 

Years 9–10 Extension 

Choose one case and propose a risk-control strategy. 



Explain whether your control: 

• reduces the probability  

• reduces the consequence  

• reduces both  

• transfers the risk  

• introduces a different risk that must also be considered.  

 

G) Stakeholder Analysis – Who Benefits and Who 

Bears the Cost? 

Choose one technology: 

• artificial intelligence  

• genetic testing  

• renewable-energy infrastructure  

• agricultural biotechnology  

• nuclear power  

• facial-recognition technology  

• automated vehicles.  

Identify at least five stakeholders. 

Your table should include: 

Stakeholder Possible Benefit Possible Harm or Burden Influence over Decision 

 

 

  

   

 

 

 

 

   

 

 

 

 

   

After completing the table, answer: 

Are the people who receive the greatest benefits also the people carrying the greatest risks? 

If not, explain why this could become an issue of justice. 

 

 

 

 



H) Dual-Use Technology Analysis 

Choose one example of a dual-use technology. 

Suitable examples include: 

• drones  

• artificial intelligence  

• genetic engineering  

• nuclear technology  

• encryption  

• chemical synthesis  

• satellite technology.  

Research or use reliable supplied sources to identify: 

1. at least two beneficial applications  

2. at least one credible harmful application  

3. safeguards already used or proposed  

4. who carries responsibility for preventing misuse  

5. whether restricting the technology would also prevent important benefits.  

Final Question 

Should the possibility of misuse prevent a technology from being developed? 

Construct an argument rather than giving a simple yes-or-no response. 

 

I) The Ethical Decision Framework 

For a science or technology issue, work through the following framework. 

1. What is being proposed? 

Describe the technology or decision accurately. 

2. What does the evidence show? 

Identify established findings separately from predictions or speculation. 

3. Who is affected? 

Include people who may have little influence over the decision. 

4. What are the benefits? 

Consider immediate and long-term benefits. 

5. What harms or risks are foreseeable? 



Consider severity as well as likelihood. 

6. How fairly are benefits and burdens distributed? 

Look beyond average effects. 

7. What alternatives exist? 

Include the consequences of doing nothing. 

8. What values are guiding the decision? 

Consider justice, dignity, stewardship, freedom, compassion and responsibility. 

9. What uncertainties remain? 

State them honestly rather than hiding them. 

10. What decision is best supported? 

Make a recommendation and justify it using evidence and explicitly stated ethical principles. 

Keep this framework. You will use it again in Lesson 24. 

 

J) God’s Big Story Reflection – Power Under 

Wisdom 

Read 1 Corinthians 10:23–24: 

“‘I have the right to do anything,’ you say—but not everything is beneficial. ‘I have the right to do 

anything’—but not everything is constructive. No one should seek their own good, but the good of 

others.” 

The principle speaks directly to one of the deepest questions raised by technology. 

Human capability does not determine moral permission. 

Creation – Knowledge as a Gift 

The capacity to investigate creation is itself remarkable. 

Human beings can understand chemical reactions, decode genetic information, analyse forces and construct 

technologies that transform conditions which earlier generations simply endured. 

Within a Christian worldview, such knowledge can be received with gratitude and used as part of humanity's 

calling to cultivate and care for creation. 

Medical knowledge can relieve suffering, engineering can make communities safer, and agricultural science 

can contribute to feeding people. Properly directed, scientific knowledge becomes a powerful means of 

service. 



Fall – Power Amplifies Human Purposes 

Technology does not remove the moral character of the people using it. 

Instead, technology often magnifies human purposes by allowing choices to operate on a larger scale. 

Greed equipped with powerful technology may exploit more efficiently, while compassion equipped with 

scientific knowledge may reach people who could not otherwise be helped. Carelessness can spread 

consequences far beyond the person making the original decision, and deliberate harm can become more 

destructive when knowledge increases its reach. 

The problem is therefore not scientific knowledge itself. 

The deeper problem lies in human beings possessing genuine power without possessing perfect wisdom or 

perfect character. 

Redemption – Knowledge Directed Towards Service 

Christ turns attention away from power used merely for self-interest and towards love expressed through 

service. 

That changes the ethical question. 

Instead of asking only, “What can this technology do for us?”, Christian reasoning should also ask, 

“Whom are we responsible to serve, protect and honour through its use?” 

A medical technology should not treat patients merely as markets. An environmental decision should 

consider people who may inherit consequences long after today's economic benefit has disappeared, while 

an engineering project should protect those who must trust structures they did not design themselves. 

Science used in service remains rigorous science. Compassion does not require weak evidence, because 

careless science can harm the very people we hope to serve. 

Love should make us more careful with evidence, not less. 

Restoration – Building Rather Than Destroying 

The Primary course expresses the theme of this lesson through the contrast between using science to build 

or destroy, heal or harm. At secondary level, we can see that the choice is rarely as simple as selecting a 

clearly benevolent technology over an obviously destructive one. 

Responsible decisions often require us to weigh mixed consequences. 

A powerful technology may deserve development while also requiring safeguards. A beneficial treatment 

may still impose risks that patients deserve to understand, and an environmentally useful project may need 

redesign if vulnerable communities are being asked to carry an unfair burden. 

Christian stewardship therefore demands more than good intentions. 

It requires careful attention to consequences, willingness to hear those affected by our decisions and courage 

to restrain ourselves when capability begins to outrun wisdom. 

The question “Can we?” belongs to scientific and technological capability. 



The question “Should we?” requires ethical judgement. 

The deeper Christian question asks something more: 

“How can what we know be used faithfully for the good of others?” 

Reflection Question 

Respond in your Science Journal: 

Why might greater scientific and technological power require greater humility and moral 

responsibility rather than greater freedom to act without restraint? 

 

K) Portfolio Evidence 

Retain the following in your Science, Technology & Health Portfolio: 

• narration of “The Fire in the Physician’s Hands”  

• responses to the Thinking Questions  

• clean-water case study  

• risk matrix and control strategy  

• stakeholder analysis  

• dual-use technology analysis  

• completed Ethical Decision Framework  

• God’s Big Story Reflection.  

 

L) Australian Curriculum v9 Mapping 

Code Full Content Description Justification 

AC9S9H03 
analyse the key factors that contribute to science knowledge and practices 

being adopted more broadly by society 

Students analyse benefits, risks, cost, public need, justice and 

stakeholder interests that may influence whether technologies are 

adopted.  

AC9S9H04 
examine how the values and needs of society influence the focus of scientific 

research 

Students investigate how health, safety, environmental concerns 

and social priorities can shape scientific and technological 

development.  

AC9S9I06 

assess the validity and reproducibility of methods and evaluate the validity 

of conclusions and claims, including by identifying assumptions, conflicting 

evidence and areas of uncertainty 

Ethical case studies require students to distinguish established 

evidence from uncertainty and unsupported assumptions before 

making recommendations.  

AC9S9I07 

construct arguments based on analysis of a variety of evidence to support 

conclusions or evaluate claims, and consider any ethical issues and cultural 

protocols associated with accessing, using or citing secondary data or 

information 

This is a central focus of the lesson. Students use scientific 
evidence together with explicitly identified ethical considerations 

to evaluate technologies and construct justified recommendations.  

AC9S9I08 

write and create texts to communicate ideas, findings and arguments 

effectively for identified purposes and audiences, including selection of 

appropriate content, language and text features, using digital tools as 

appropriate 

Students communicate evidence-based ethical arguments through 

case-study analysis, stakeholder evaluation and the Ethical 
Decision Framework.  

AC9S10H03 
analyse the key factors that contribute to science knowledge and practices 

being adopted more broadly by society 

Year 10 students examine how risk, social benefit, economic cost, 

public trust and ethical concern can affect technological adoption.  

AC9S10H04 
examine how the values and needs of society influence the focus of scientific 

research 
Students consider how problems regarded as urgent or socially 
significant attract research attention and technological investment.  

AC9S10I06 

assess the validity and reproducibility of methods and evaluate the validity 

of conclusions and claims, including by identifying assumptions, conflicting 

evidence and areas of uncertainty 

Students assess whether the available evidence is strong enough to 

support claims about benefits, harms and risk.  

AC9S10I07 

construct arguments based on analysis of a variety of evidence to support 

conclusions or evaluate claims, and consider any ethical issues and cultural 

protocols associated with accessing, using or citing secondary data or 

information 

Students construct recommendations that combine evidence with 

explicit analysis of justice, stewardship, risk and competing 

interests.  



Code Full Content Description Justification 

AC9S10I08 

write and create texts to communicate ideas, findings and arguments 

effectively for identified purposes and audiences, including selection of 

appropriate content, language and text features, using digital tools as 

appropriate 

Students present structured scientific and ethical arguments 
suitable for an identified decision-making context.  

 

  



Lesson 24 – The Future in Our Hands: Wisdom, 

Stewardship & Scientific Responsibility 

Theme: Scientific Progress, Human Responsibility and the Future We Help to Build 

Character Focus: Honour & Reverence – recognising that knowledge is entrusted to us rather than owned 

without responsibility, and that scientific progress is worthy of honour when it serves truth, protects life and 

exercises wise stewardship of creation. 

Learning Objectives 

By the end of this lesson, you should be able to: 

• explain why scientific progress involves responsibility for both present and future consequences  

• evaluate scientific and technological decisions using evidence, risk, benefit, justice, sustainability 

and stewardship  

• recognise how social values influence the scientific research and technologies a society chooses to 

pursue  

• distinguish responsible innovation from the uncritical pursuit of whatever becomes technologically 

possible  

• construct and communicate an evidence-based position on a complex scientific or technological issue  

• reflect upon the relationship between scientific knowledge, humility, service and responsible 

stewardship.  

 

A) Introduction – What Kind of Future Are We 

Building? 

At the beginning of this course, you were invited to look at the natural world with curiosity and reverence. 

Since then, we have moved through an extraordinary landscape of ideas. We have considered dimensions 

and physical laws, fermentation and chemistry, architecture and acoustics, DNA and heredity, the nervous 

system and habits, materials transformed through heat, light moving through glass, and enormous structures 

standing beneath forces that their builders could neither see nor completely control. 

During the final topic, the direction of our questions has changed. 

Lesson 22 asked what science can tell us and where scientific methods reach their proper limits. Lesson 23 

then considered what happens when knowledge moves from explanation into human hands, where the same 

understanding may be directed towards healing, protection, profit, control or harm. 

One question remains. 

What kind of future should scientific knowledge help us to build? 

That is not a question science can answer by itself, but neither can it be answered wisely while ignoring 

science. 

Good intentions without accurate knowledge may cause harm. Scientific capability without ethical wisdom 

can do the same. 



The Primary course concludes its ethics sequence by emphasising responsible application, ethical decision-

making, sustainability and a culminating reflection upon whether scientific knowledge has been used wisely 

or wrongly. This final secondary lesson carries that idea further by asking you to bring together the habits of 

thought developed throughout the course. 

Key Terminology 

Stewardship – responsible care and management of something entrusted to us 

Sustainability – meeting present needs in ways that do not unnecessarily undermine the capacity of future 

generations and natural systems to flourish 

Innovation – development or application of new ideas, methods or technologies 

Intergenerational responsibility – recognising that present decisions can create benefits or burdens for 

people who will live in the future 

Trade-off – a situation in which gaining one benefit may involve accepting a cost or reducing another 

benefit 

Uncertainty – a limitation in what is known or can confidently be predicted 

Stakeholder – a person, community or group affected by a decision 

Accountability – responsibility for explaining and accepting the consequences of one's decisions 

Scientific integrity – commitment to honesty, accuracy, transparency and responsible scientific practice 

Stewardship criterion – a principle used to evaluate whether a decision demonstrates responsible care for 

people, resources and creation. 

 

B) Informational Story 

The Lamp in the Library 

Many years had passed since Theodora first entered the infirmary carrying a rain-soaked cloak and a writing 

tablet. 

Constantinople had changed around her. Emperors had come and gone, buildings had been repaired, 

workshops had grown busier, and apprentices who once listened nervously to their masters now taught 

students of their own. 

Theodora had changed as well. 

Her hair had silvered, her steps had slowed, and the questions she asked had become more difficult. 

One evening she climbed the stairs to a small library attached to the infirmary. Her brother Michael was 

already there, sitting beside a bronze oil lamp whose flame moved whenever a draught slipped beneath the 

door. 

Between them lay a collection of manuscripts. 



Some contained medical observations, while others described plants, mathematical problems, mechanical 

devices and fragments of older Greek writings copied many times across the centuries. The pages differed in 

age and quality, and several bore corrections in the margins where later readers had questioned an earlier 

claim. 

Michael opened one manuscript carefully. 

“How many people do you suppose have worked on this?” 

“The book?” 

“The knowledge.” 

Theodora considered the question. 

“More than we could name.” 

That was precisely the point. 

Knowledge rarely belongs to one generation. 

An observation made by one person may be recorded by another, challenged by someone else and 

eventually combined with discoveries that the original observer could never have imagined. Scientific 

understanding grows through a long conversation between evidence and explanation, in which later 

investigators inherit both the achievements and the mistakes of those who came before them. 

Theodora ran her finger beside a correction written in faded ink. 

“Someone disagreed.” 

“Apparently.” 

“And they left the original words there.” 

“Perhaps they thought the next reader should see both.” 

The page carried more than information. It preserved evidence of a mind being corrected. 

 

Knowledge Is an Inheritance 

Imagine receiving a library containing everything your civilisation has learned about medicine, agriculture, 

engineering, mathematics and the natural world. 

You did not perform the experiments that produced most of that knowledge, nor did you personally build the 

instruments through which it was discovered. Nevertheless, you inherit the results. 

Modern science is like that on an enormous scale. 

A student learning genetics inherits generations of observations and experiments, while an engineer applying 

Newton's laws benefits from centuries of mathematical and physical investigation. Modern medicine 

depends upon discoveries made by researchers who died long before today's physicians were born. 



Scientific knowledge is therefore both an achievement and an inheritance. 

An inheritance creates opportunity, but it can also create responsibility. 

Michael closed the manuscript. 

“We spend so much time asking what our ancestors left us,” he said. “I wonder what our descendants will 

say we left them.” 

Theodora looked towards the lamp. 

“That depends upon what we do with what we have been given.” 

 

The Future Is Already Present in Some Decisions 

Human beings naturally pay more attention to immediate consequences than distant ones. 

If a bridge is unsafe today, the danger is obvious. If a river becomes poisoned overnight, people demand 

action. 

Some consequences unfold more slowly. 

Soil can lose fertility through repeated poor management, while pollutants may accumulate gradually in an 

ecosystem. Infrastructure designed cheaply may leave later generations with enormous maintenance costs, 

and the long-term consequences of resource use may not become obvious until the people who made the 

original decision are gone. 

This creates an ethical difficulty. 

Future people cannot attend today's meetings. 

They cannot vote on our proposals, object to our designs or refuse the environmental burdens we may leave 

behind. 

Yet they can inherit the consequences. 

This is one reason sustainability is not merely a technical calculation about efficiency. It also involves 

intergenerational responsibility. 

Theodora expressed the idea more simply. 

“A child may inherit a vineyard planted before he was born.” 

Michael nodded. 

“He may also inherit land ruined before he was born.” 

The physical consequences of today's decisions do not disappear simply because the decision-makers do. 

 

 



The Temptation to Measure Only What Is Easy 

Michael brought out a proposal concerning a new workshop. 

The plan compared several possible locations and included estimates of construction costs, labour 

requirements and expected production. 

“This one is cheapest,” he said, pointing to the first option. 

“Then why are there three?” 

“Because the cheapest site is beside the water.” 

“Is that a problem?” 

“It could be.” 

Waste from the workshop would need to be managed carefully. 

Michael could calculate many of the immediate costs with reasonable confidence, but some consequences 

were harder to represent numerically. What would happen if waste entered the water? How much should 

future damage count against present savings? What value should be placed upon clean water used by people 

who received none of the workshop's profits? 

Modern environmental decision-making faces similar questions. 

Measurements can estimate concentrations of pollutants, energy use, emissions, resource consumption and 

many other effects. Economic models can assign monetary values to some consequences. 

Yet the fact that one factor is easy to count does not mean it deserves greater ethical weight than something 

harder to measure. 

A spreadsheet may represent the price of timber more readily than the cultural value of a landscape, while 

financial accounts can calculate the cost of safety equipment more easily than the value of an injury that 

never occurs because the equipment was installed. 

Quantification is powerful because it makes comparison possible. 

Wisdom is required because not everything important fits comfortably into the same unit. 

 

The Difference Between Efficiency and Wisdom 

Michael had spent much of his life making systems more efficient. 

He took pride in using less material, reducing wasted effort and finding ways to accomplish useful work 

with fewer resources. 

Those were worthy goals. 

However, efficiency answers a particular question: 

How effectively does a system achieve a specified outcome relative to the resources used? 



It does not decide whether the specified outcome is itself good. 

A highly efficient system for producing something harmful has not become ethically admirable because it 

wastes little energy. 

Similarly, a surveillance system could become exceptionally efficient at collecting information while raising 

serious questions about privacy and human freedom. An industrial process may maximise production while 

transferring environmental costs to another community. 

Efficiency therefore belongs inside ethical reasoning rather than above it. 

Theodora examined Michael's workshop proposal. 

“Perhaps the cheapest design is genuinely the wisest one.” 

“You do not sound convinced.” 

“I am saying we should find out.” 

The responsible question was not whether cost should be ignored. Resources are limited, and unnecessarily 

expensive solutions can themselves reduce people's ability to meet other needs. 

Instead, the decision required a broader definition of success. 

 

When Every Option Has a Cost 

Theodora had noticed that inexperienced students often imagined ethics as choosing between an obviously 

good option and an obviously wicked one. 

Real decisions were rarely so accommodating. 

Suppose a community needs additional energy. 

One option may produce reliable electricity but generate substantial greenhouse gas emissions. Another may 

reduce operational emissions while requiring large quantities of particular minerals and extensive 

infrastructure. A third may provide dependable low-carbon generation but create other questions involving 

cost, waste, construction time or public acceptance. 

Evidence can help compare these options, but there may be no solution without trade-offs. 

Likewise, a new medicine may improve survival while producing severe side effects in some patients. A 

dam can provide water storage and electricity while altering ecosystems and displacing communities. A new 

agricultural technology may increase production while creating dependence upon expensive equipment or 

specialised inputs. 

Recognising trade-offs does not mean abandoning judgement. 

It means making judgement more mature. 

The task is to compare benefits and harms, consider who experiences them, examine uncertainty and 

determine whether risks can be reduced. Where disadvantages remain, responsible decision-makers should 

acknowledge them rather than hiding them beneath enthusiastic language about progress. 



Michael had learned this slowly. 

“When I was young,” he told Theodora, “I thought the best design was the one that solved the problem.” 

“And now?” 

“Now I want to know which problem I have solved, which new ones I have created, and who will have to 

live with them.” 

Theodora smiled. 

“You are becoming inconvenient.” 

“I learned from you.” 

 

What Should We Do When We Are Not Certain? 

One manuscript in the library described a treatment whose effectiveness was disputed. 

Some physicians praised it, while others reported little benefit. 

Michael found the disagreement frustrating. 

“Someone must be wrong.” 

“Possibly.” 

“Then why not decide which one?” 

“On what evidence?” 

He looked again at the pages. 

There was not enough. 

Uncertainty is uncomfortable because human beings often need to make decisions before complete evidence 

is available. 

Sometimes waiting is sensible. If a proposed technology offers only a minor benefit while carrying a 

plausible risk of catastrophic and irreversible harm, delay may allow better evidence to emerge. 

In other circumstances, waiting also carries danger. During a serious disease outbreak, refusing to act until 

every uncertainty has disappeared may cost lives. 

Responsible precaution therefore requires comparison between the risks of acting and the risks of not 

acting. 

This is more demanding than simply declaring something “safe” or “dangerous”. 

Scientific integrity requires researchers to describe uncertainty accurately, while ethical responsibility 

requires decision-makers to consider what that uncertainty means in the circumstances. 



A cautious conclusion is not necessarily indecisive. 

Sometimes it is the most accurate conclusion the evidence permits. 

 

The Responsibility to Tell the Truth 

A few weeks later, Michael brought his sister a report written by one of his younger colleagues. 

The report described a promising new process. 

“The results look excellent,” Theodora said. 

“They do.” 

Michael turned several pages. 

“But these trials failed.” 

The unsuccessful results had been placed near the back of the report and barely discussed. 

“Were they errors?” 

“We do not know.” 

“Then why are they hidden?” 

“Because the successful results make a better argument.” 

Theodora's expression changed. 

Science depends upon evidence, but evidence becomes useful only when it is reported faithfully. 

If researchers select only the observations that support the conclusion they wanted, other people may be 

given a distorted picture of reality. Unexpected results and anomalies can reveal experimental errors, 

uncontrolled variables or weaknesses in an explanation; occasionally, they become the beginning of an 

important discovery. 

Modern science has developed systems such as publication, peer review, replication and transparent 

reporting partly because individual scientists are fallible. 

No procedure can guarantee perfect honesty or eliminate every mistake. Nevertheless, practices that expose 

claims to examination make it more difficult for personal preference to become unquestioned scientific 

authority. 

Michael returned the report. 

“Tell him to include the failures.” 

“He will object.” 

“Then he may practise defending his conclusion with all the evidence instead of only the convenient part.” 



Scientific integrity begins before the ethical application of a discovery. 

If the knowledge itself has been distorted, responsible decisions built upon it become much harder. 

The Australian Curriculum recognises this by requiring students to understand how scientific knowledge is 

validated and refined, including through publication and peer review.  

 

The Powerful Should Not Be the Only People in the Room 

The workshop proposal eventually reached a meeting of officials, merchants and engineers. 

Theodora listened as they discussed production, cost and strategic importance. 

After some time, she leaned towards Michael. 

“Who lives beside the proposed site?” 

He told her. 

“Are any of them here?” 

“No.” 

“Why not?” 

“They are not engineers.” 

“They do not need to understand the machinery to understand what it is like to drink the water.” 

Scientific expertise is essential when decisions involve technical complexity. 

Yet expertise does not mean that only technical specialists possess relevant knowledge. 

Communities may understand local conditions, cultural practices and practical consequences that distant 

decision-makers overlook. Workers can identify hazards invisible in a design drawing, while patients may 

describe effects of illness that laboratory measurements do not capture completely. 

Responsible scientific decision-making therefore benefits from listening to the people affected. 

This does not mean every opinion is scientifically correct or that evidence should be decided by popularity. 

Technical claims still require appropriate evidence. 

Instead, participation helps reveal which questions need to be asked. 

An engineer may know how a system works better than a nearby resident, while the resident may recognise 

a consequence the engineer never considered. 

Humility allows both forms of knowledge to enter the discussion without confusing them. 

 

 



A Letter to Someone Not Yet Born 

Near the end of winter, Theodora gave Michael a blank sheet of paper. 

“What is this for?” 

“A letter.” 

“To whom?” 

“Someone who will live a hundred years from now.” 

Michael laughed, then realised she was serious. 

“What should I write?” 

“Explain what you hope they inherit from us.” 

He sat for a long time. 

Eventually he began. 

He wrote about clean water, buildings that could be repaired rather than abandoned, knowledge preserved in 

libraries, soil that remained fertile and workshops that did not poison the neighbourhoods supporting them. 

Then his ambitions grew. 

He hoped future physicians would know far more than Theodora knew, and that engineers would possess 

mathematical understanding beyond anything available to Byzantine builders. He imagined instruments 

capable of seeing what human eyes could not see and technologies able to cross distances that seemed 

impossible. 

After several paragraphs he stopped. 

“This sounds foolish.” 

“Why?” 

“I am describing things I cannot know.” 

“Then do not predict their inventions. Tell them what you hope we did with ours.” 

Michael began again. 

This time he wrote about honesty. 

He hoped his generation had not hidden costs merely because someone else would pay them later. He hoped 

they had preserved knowledge rather than destroying what contradicted them, and that power had not 

become the only measure of achievement. 

Finally, he wrote that he hoped they had left behind questions as well as answers. 

Theodora read the letter. 



“That one is worth keeping.” 

 

The Lamp Passes On 

Years later, after Theodora had died, Michael returned alone to the library. 

Her old lamp remained on the desk. 

He lit it and watched the flame settle. 

Around him were shelves of accumulated knowledge, each manuscript carrying ideas further than the life of 

the person who had first written them. 

Some claims had survived scrutiny. 

Others had been corrected. 

Still others waited for evidence that their authors could never have gathered. 

Michael understood now that this incompleteness was not an embarrassment. 

No generation receives the final edition of human knowledge. 

Each receives a portion of understanding, together with opportunities to test it, improve it and decide how it 

will be used. 

That made scientific knowledge an unusual inheritance. It was valuable enough to preserve but unfinished 

enough to question. 

He found the letter he had written years earlier. 

The imagined reader had not yet been born. 

Perhaps the letter itself would disappear long before then, but the principle did not depend upon the survival 

of the page. Every bridge, field, workshop, library and waterway could become a message to the future 

because each carried the physical consequences of decisions made in the present. 

Michael had once believed that progress meant leaving later generations more powerful tools. 

He still hoped to do that. 

Yet Theodora had taught him to desire something greater: that those tools would arrive within a culture 

capable of asking what they were for. 

The lamp illuminated only a small circle of the room, leaving much of the library in shadow. Michael 

thought there was something fitting about that. Human knowledge had always been like this, revealing 

enough to let us work faithfully while leaving more beyond the reach of present understanding. 

Wisdom did not require pretending that the whole room was illuminated. 

It required using well the light we had been given, extending it where we could, and refusing to mistake our 

lamp for the sun. 



 

C) Narration 

Close the lesson before beginning your narration. 

Retell “The Lamp in the Library” in your own words, using Michael's changing understanding of progress 

and responsibility as the thread connecting your explanation. 

Your narration should demonstrate that you understand: 

• why scientific knowledge can be regarded as an inheritance between generations  

• how present technological decisions may create consequences for people in the future  

• why easily measured factors should not automatically receive the greatest ethical weight  

• the difference between efficiency and wisdom  

• why responsible decision-making must acknowledge trade-offs  

• how uncertainty influences decisions about whether to act or wait  

• why scientific integrity requires inconvenient evidence to be reported  

• how experts and affected communities can contribute different kinds of relevant knowledge  

• why scientific progress should involve both increasing knowledge and increasing responsibility.  

 

D) Thinking Questions 

Years 7–8 

1. Why did Michael describe scientific knowledge as something inherited from earlier generations?  

2. Give an example of a decision made today that could affect people many years in the future.  

3. Why might the cheapest technological solution not always be the wisest?  

4. Explain the difference between efficiency and wisdom.  

5. What is a trade-off? Give an example.  

6. Why can waiting for more evidence sometimes create risks of its own?  

7. Why did Michael insist that the unsuccessful trials be included in the report?  

8. Why might people living near a proposed development have useful knowledge even if they are not 

engineers?  

9. What did Michael eventually decide he hoped his generation would leave to the future?  

10. Explain the meaning of the lamp metaphor at the end of the story.  

Years 9–10 

1. Why does intergenerational responsibility create an unusual ethical problem?  

2. Analyse the statement: “What is easiest to measure is not necessarily what is most important.”  

3. Why can a technically efficient system still be ethically poor?  

4. Explain why recognising trade-offs produces better decision-making than pretending every problem 

has a perfect solution.  

5. How should reversibility influence decisions made under scientific uncertainty?  

6. Why must the risks of delaying action sometimes be compared with the risks of acting?  

7. How could selective reporting of successful results distort scientific understanding?  

8. Explain how peer review and scrutiny can help refine scientific knowledge without guaranteeing that 

every published conclusion is correct.  

9. Why should stakeholder participation complement rather than replace scientific expertise?  



10. Evaluate Michael's final understanding that scientific progress should leave future generations not 

only more powerful tools, but also better questions about how those tools should be used.  

 

E) Culminating Ethical Case Study – Designing a 

Future Worth Inheriting 

You are part of an advisory group considering a major new development. 

A regional community needs a reliable source of electricity for homes, hospitals, farms and businesses. 

Several options have been proposed, and each has advantages as well as limitations. 

Your task is not to begin by choosing your preferred technology. 

Begin with the questions. 

Choose three plausible electricity-generation or storage options appropriate to the region. Research them 

using reliable sources and compare the evidence. 

Your investigation should consider: 

Criterion Option 1 Option 2 Option 3 

Reliability    

Energy output/capacity    

Construction requirements    

Expected operating life    

Resource requirements    

Environmental effects    

Waste or end-of-life issues    

Cost    

Effects on local communities    

Important uncertainties    

Benefits to future generations    

Possible burdens left to future generations    

Do not assume that one criterion automatically outweighs all the others. 

After completing your research, identify the most significant trade-offs and recommend either one option or 

a carefully justified combination. 

 

 

 

 

 

 

 



F) Evidence Before Opinion 

Before writing your recommendation, separate your reasoning into three categories. 

1. Evidence 

Record claims supported by scientific, technical or other reliable evidence. 

For example, you might have evidence about: 

• energy output  

• material requirements  

• expected lifespan  

• environmental effects  

• reliability  

• costs  

• waste  

• land requirements.  

2. Uncertainty 

Identify areas where: 

• studies disagree  

• long-term effects remain uncertain  

• predictions depend upon assumptions  

• local conditions may change the result  

• available data are incomplete.  

3. Values and Ethical Principles 

Identify the principles influencing your final judgement, such as: 

• protection of human life  

• affordability  

• environmental stewardship  

• reliability  

• justice  

• responsibility to future generations  

• care for local communities  

• responsible use of resources.  

The purpose of this exercise is not to remove values from your decision. 

It is to make them visible. 

A strong argument distinguishes what the evidence demonstrates from the ethical principles used to decide 

what should be done with that evidence. 

 

 

 



G) The Future-Generation Test 

Imagine that your recommendation is adopted and remains influential for the next fifty years. 

Write two short accounts. 

Account 1 – Looking Back from the Future 

Imagine the decision proved wise. 

Explain: 

• what benefits emerged  

• which risks were successfully controlled  

• how later generations benefited  

• which safeguards or design decisions contributed to success.  

Account 2 – Looking Back After Failure 

Now imagine that serious problems developed. 

Explain: 

• which assumptions may have been wrong  

• what warning signs might have been overlooked  

• who carried the consequences  

• whether the harm could be reversed  

• what decision-makers should have investigated more carefully.  

Compare the two accounts. 

Which decisions could be made now that would increase the likelihood of the first future and reduce 

the likelihood of the second? 

 

H) Scientific Integrity – The Inconvenient Result 

Imagine you have conducted an investigation comparing two proposed technologies. 

Most of your results favour Technology A, which you expected to perform better. 

However, two trials strongly favour Technology B. 

You cannot identify an obvious experimental error. 

What should you do? 

Develop a response explaining why you should not simply remove the unexpected results. Consider whether 

you should: 

• repeat the investigation  

• increase the sample size  



• check equipment and procedures  

• examine uncontrolled variables  

• report the anomalous data  

• revise your original hypothesis  

• compare your findings with other research.  

Years 9–10 Extension 

Explain why an anomalous result is not automatically evidence that the accepted explanation is wrong, 

but neither should it automatically be discarded. 

 

I) Research Investigation – When Science Corrects 

Itself 

Choose one example in which a scientific explanation, medical practice or technological design was 

substantially revised because new evidence became available. 

Investigate: 

• what was originally believed or practised  

• what evidence challenged the earlier position  

• how the new evidence was tested  

• whether there was disagreement  

• how the scientific community responded  

• what eventually changed  

• what uncertainty remained.  

Then answer: 

Does scientific correction show that science cannot be trusted, or does the capacity for correction form 

part of the reason scientific methods are valuable? 

Support your answer with evidence from your case study. 

 

J) Final Course Argument – What Should 

Scientific Progress Serve? 

You have now reached the culminating argument for the course. 

Write an extended response to the following question: 

Scientific knowledge gives humanity increasing power over the 

physical world. What principles should guide the way that power is 

used? 



Your argument should draw upon examples from several topics studied during the course rather than relying 

only upon Lessons 22–24. 

You might consider: 

• scientific evidence and the importance of truthful observation  

• physical laws and the limits they place upon design  

• genetics and the responsibility accompanying biological knowledge  

• nervous-system science and technologies designed to capture attention  

• material science and responsible use of resources  

• architecture and the need to learn from structural failure  

• the distinction between capability and wisdom  

• uncertainty and precaution  

• justice and stakeholder interests  

• stewardship and responsibility towards future generations.  

Years 7–8 

Aim to develop a clear position supported by several examples from the course. 

Years 9–10 

Construct a sustained evidence-based argument that: 

• states a clear position  

• uses scientific examples accurately  

• distinguishes empirical claims from ethical principles  

• acknowledges uncertainty where appropriate  

• considers at least one serious alternative perspective  

• responds fairly to that perspective  

• reaches a reasoned conclusion.  

This response should become one of the major pieces of evidence in your course portfolio. 

 

K) God’s Big Story Reflection – The Work of Our 

Hands 

Read Psalm 90:17: 

“May the favour of the Lord our God rest on us; establish the work of our hands for us—yes, 

establish the work of our hands.” 

Throughout this course, we have encountered the work of human hands in many forms. Bakers learned to 

work with fermentation, builders raised enormous structures under the unchanging influence of gravity, 

scribes and craftspeople transformed fibres and minerals into pages and pottery, while artists learned to use 

the behaviour of light rather than fight against it. 

Human beings did not create the physical laws upon which these achievements depended. 

They discovered, observed and worked within them. 



That distinction gives us a fitting place to finish. 

Creation – A World Worth Knowing 

Scientific investigation depends upon the extraordinary fact that creation can be investigated. 

Patterns recur, materials possess characteristic properties, physical relationships can be described 

mathematically, and living systems contain layers of organisation that reward increasingly careful 

observation. 

The more deeply we investigate, the more connections appear. 

A piece of glass can lead us into chemistry and optics, while the movement of a building during an 

earthquake draws together mass, acceleration, waves, materials and structural design. A human response to a 

sound can lead from sensory receptors through neural signalling towards questions about attention, habit and 

responsibility. 

The world possesses a richness that continually exceeds the first explanation we give it. 

For a Christian learner, this is fertile ground for wonder. Scientific explanation need not drain creation of 

mystery, because understanding a mechanism can reveal an order and intricacy that casual observation never 

noticed. 

Fall – Knowledge Without Wisdom 

The ability to understand creation does not guarantee that we will use our understanding well. 

Human ingenuity can relieve suffering, but it can also magnify greed, violence and control. Greater 

technological power allows good intentions to reach further, yet the same multiplication applies when 

decisions are careless or unjust. 

This is why ethics cannot be added to science as an optional decoration after all the important technical work 

has been completed. 

Questions of purpose accompany the work from the beginning. 

What are we trying to achieve? Which assumptions shape our research? Who receives the benefit, and who 

carries the risk? What happens if our prediction is wrong? Are we reporting evidence faithfully, including 

results that inconvenience our preferred conclusion? 

Such questions do not weaken scientific work. 

They help make it worthy of trust. 

Redemption – Knowledge Turned Towards Service 

Christian redemption reorients power towards service. 

Knowledge can become part of that service when medicine is directed towards healing, engineering towards 

safety, agriculture towards nourishment and technology towards genuine human flourishing. 

Service does not require rejecting innovation. On the contrary, love of neighbour can provide a powerful 

reason to investigate difficult problems and develop better solutions. 



Yet love of neighbour also restrains innovation when other people are being treated merely as means to an 

end. 

The neighbour affected by our decisions may be the patient receiving a treatment, the worker exposed to a 

hazard or the family living downstream from an industrial development. Our neighbour may even belong to 

a generation not yet born, unable to speak in the meeting where today's decision is made but fully capable of 

inheriting its consequences. 

Stewardship expands our field of vision until those people become visible. 

Restoration – Leaving Good Work Behind 

Restoration turns our attention towards what our work contributes to the future. 

We will not leave behind a perfect world through science or technology. Every generation works with 

incomplete knowledge, limited resources and decisions that must sometimes be made under uncertainty. 

Nevertheless, incomplete knowledge does not make faithful work impossible. 

We can investigate carefully, report truthfully and correct our mistakes when evidence requires it. We can 

design with attention to consequences, listen to people affected by our decisions and refuse to confuse 

greater power with greater wisdom. 

The final lesson of this course is therefore not that science should become less ambitious. 

It is that our ambitions should become larger. 

We should want discoveries that are true, technologies that are skilful and solutions that genuinely work, 

while also seeking knowledge that serves rather than dominates and progress that leaves something worth 

inheriting. 

The Primary course concludes that “knowledge gives power, but choices guide outcomes,” and urges 

students to consider people, environment and future when evaluating design. Those ideas become more 

demanding as scientific capability increases, because the consequences of our choices can reach further than 

the people who originally made them. 

Honour asks us to treat truth carefully and people as more than variables in a calculation. 

Reverence reminds us that creation is not merely raw material awaiting human control. 

Wisdom brings knowledge, skill, humility and moral purpose together so that the work of our hands 

becomes worthy of the world and the people entrusted to our care. 

Perhaps that is the kind of progress Michael eventually hoped to leave behind: not a civilisation that had 

merely learned to do more, but one that had grown wiser in deciding what was worth doing. 

Final Reflection 

Write your final entry in your Science Journal: 

Looking back across this course, describe one scientific idea that increased your sense of wonder at 

the created world and one technological or ethical issue that changed the way you think about human 

responsibility. Then explain how honour and reverence should influence the way a person studies, 

communicates and uses scientific knowledge. 



 

L) Final Portfolio Reflection 

Review the work you have collected throughout Science, Technology & Health in the Byzantine Era. 

Rather than merely listing activities, choose evidence that demonstrates how your understanding developed. 

Select approximately six to eight strong pieces of portfolio evidence from across the unit. Include work 

from several different scientific areas and, where possible, evidence showing investigation, analysis, design 

and ethical reasoning. 

For each selected item, write a short annotation explaining: 

1. What did I investigate or learn?  

2. What scientific understanding does this work demonstrate?  

3. What evidence shows that my thinking improved?  

4. What would I change if I completed the task again?  

5. How does this work connect with honour, reverence, stewardship or responsible use of 

knowledge?  

Finish with a one-page reflection titled: 

From Wonder to Wisdom 

Explain how your understanding of science has changed during this course. 

Your reflection should not attempt to summarise every lesson. Instead, trace several important connections 

you discovered between scientific knowledge, technological capability, wonder, humility and 

responsibility. 

This continues the gradual portfolio approach established throughout the Primary course, where the final 

ethics topic contributes a case study and personal reflection to the evidence accumulated across the unit.  

 

M) Australian Curriculum v9 Mapping 

Code Full Content Description Justification 

AC9S9H01 
explain how scientific knowledge is validated and refined, including the 

role of publication and peer review 

Students examine anomalous evidence, transparent reporting, 
replication, scrutiny and correction, then investigate a historical 

example in which scientific knowledge was revised as new 

evidence emerged.  

AC9S9H03 
analyse the key factors that contribute to science knowledge and practices 

being adopted more broadly by society 

The culminating case study requires students to consider cost, 

reliability, perceived benefit, risk, infrastructure, community impact 

and other factors affecting technological adoption.  

AC9S9H04 
examine how the values and needs of society influence the focus of 

scientific research 

Students examine how present social priorities, environmental 

concerns, economic needs and responsibilities towards future 

generations influence research and technological development.  

AC9S9I06 

assess the validity and reproducibility of methods and evaluate the 

validity of conclusions and claims, including by identifying assumptions, 

conflicting evidence and areas of uncertainty 

Students evaluate anomalous findings, competing evidence, 

assumptions and uncertainty, and consider what additional evidence 

would be required before reaching a reliable conclusion.  

AC9S9I07 

construct arguments based on analysis of a variety of evidence to support 

conclusions or evaluate claims, and consider any ethical issues and 

cultural protocols associated with accessing, using or citing secondary 

data or information 

Students construct a culminating ethical argument that combines 
scientific evidence with explicit consideration of risk, justice, 

stewardship, uncertainty and stakeholder interests.  

AC9S9I08 
write and create texts to communicate ideas, findings and arguments 

effectively for identified purposes and audiences, including selection of 

Students communicate their case-study findings, final scientific 

argument and portfolio reflection for an identified educational 
audience.  



Code Full Content Description Justification 

appropriate content, language and text features, using digital tools as 

appropriate 

AC9S10H01 
explain how scientific knowledge is validated and refined, including the 

role of publication and peer review 

Students analyse why inconvenient evidence must be retained and 

how replication, publication, peer scrutiny and correction contribute 

to trustworthy scientific knowledge.  

AC9S10H03 
analyse the key factors that contribute to science knowledge and practices 

being adopted more broadly by society 

Students analyse the practical and social factors influencing the 

adoption of large-scale technologies rather than assuming that 

scientific effectiveness alone determines uptake.  

AC9S10H04 
examine how the values and needs of society influence the focus of 

scientific research 

Students consider how research and innovation priorities reflect 

human needs, social values and decisions about which future 

outcomes deserve investment.  

AC9S10I06 

assess the validity and reproducibility of methods and evaluate the 

validity of conclusions and claims, including by identifying assumptions, 

conflicting evidence and areas of uncertainty 

Students distinguish evidence from assumption, evaluate anomalous 

results and incorporate uncertainty explicitly into their final 

recommendation.  

AC9S10I07 

construct arguments based on analysis of a variety of evidence to support 

conclusions or evaluate claims, and consider any ethical issues and 

cultural protocols associated with accessing, using or citing secondary 

data or information 

The final course argument requires students to analyse evidence 
from several scientific contexts, evaluate ethical issues, consider an 

alternative perspective and defend a reasoned conclusion.  

AC9S10I08 

write and create texts to communicate ideas, findings and arguments 

effectively for identified purposes and audiences, including selection of 

appropriate content, language and text features, using digital tools as 

appropriate 

Students communicate a sustained evidence-based argument and 

final portfolio reflection demonstrating the development of their 

scientific reasoning across the unit.  

  



TOPIC 

9 

CULMINATING PROJECT  

OR ASSESSMENT 

…to be advised…. 

 

 

 

 


