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Who and what live where? 
Here are some people who live near a beach. 

What animals and plants would also live there, or 
might pass through?

How about at night 
time, or at different 
times of year? Or in 
different weather?

What different animals 
and plants would 
people see if they lived 
by a forest, or in the 
mountains?

Anywhere people live, 
there are usually other 
people living, too. And there 
are always lots of other 
living things. 

Some living things come and go, like a lot of birds and flying 
insects do, and people who come to work during the day. Some 
living things, like trees and worms and our pets and our 
neighbours, live there all the time.

AC

TI
VITY

More than three hundred years ago,there was a man who 
bought and sold cloth for a living. He wanted a microscope to 
check the quality of his cloth but he couldn’t buy one that was 
powerful enough. So he made his own! This cloth seller looked 
closely at his cloth. Then he got curious and looked closely at 
other things, too.

When he looked at other things, he was surprised to find tiny 
creatures moving around. He found them in water and dirt. He 
found them in plaque from his teeth and in his snot. He even 
found them in his poo. 

No one expected that these tiny creatures were there! 
Discovering them was the beginning of a new branch of science.

Today, we call these creatures microbes.

And they’re living all over us! Trillions of them!

Who and what live 
around you?
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BACTERIA
e.g. Salmonella that 

causes food poisoning, 
Lactobacillus that 

makes yoghurt

VIRUSES
e.g. common cold virus, 

measles virus

FUNGI

MOULDS
e.g. Penicillium on 

bread, Rhizopus in 
cheese

YEASTS
e.g. Tinea that causes 

athlete’s foot,  
Saccharomyces for 

making bread

PROTISTS
e.g. amoeba,  

algae

microbes

What you know about microbes already?

Do you imagine things like in the picture 
on  the left, or in the diagram below?

Do you think microbes are good or bad? 
Clean or icky? Scary? Tasty? Useful?

What do other people think? Ask around.

AC

TI
VITY

You’ve probably heard of some of the microbes in the diagram above. What do you know 
about them already? What other microbes could you add?

AC

TI
VITY

microbe: a living thing so tiny that you need a 
microscope to see it
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If you look on our skin, there are trillions of 
microbes to be found.

Why do they live there? What do they do? How 
did they even get there?

WHAT AFFECTS MICROBES?

wetness

acidity

warmth oxygen

light

nutrients

The scientists 
received bellybutton 

swabs from 

279 
volunteers.

The scientists found

649 kinds
of bacteria in the  

bellybutton swabs.

We have special 
differences: they 

found

189 kinds
of bacteria that 

were in no more than 
one bellybutton.

We have a lot in 
common: 

15 kinds
of bacteria were 

found in at least half 
of the bellybuttons.

BACTERIA IN BELLYBUTTONS

Think about some other enviroments 
inside your body. 

How are they similar? 

How are they different? 

What adaptations do their microbes need?

In one study, scientists asked volunteers 
to rub cotton wool in their bellybuttons. 
The volunteers mailed the cotton wool to 
the scientists. 

The scientists looked at the cotton wool to 
see what bacteria it had picked up. Some of 
their findings are below. What do you make 
of them?

AC

TI
VITY

Different kinds of life need different things 
to live. What do you need to live? What do 
cats need? What do goldfish need? Different 
kinds of life get what they need from the 
environments where they live.

What is the environment like in our 
bellybuttons? Our bellybuttons have a lot of 
oxygen, but not much water or nutrients unless 
you eat the little bit of sweat, skin oil and dead 

skin in there. Bellybuttons are a little bit acidic, 
too. Microbes that live in bellybuttons are 
adapted to the bellybutton environment.

Our bodies have other environments, too. Their 
microbes have other adaptations to match.

AC

TI
VITY

Microbes on and in our bodies

adaptation: something that makes it easier to live 
in an environment



9

SOME ENVIRONMENTS  
IN OUR BODIES

nare: in the 
nostril

buccal: in the 
mouth

conjunctival: 
around the eye

stomach

small intestinecolon 
(large intestine)

skin

armpit

Most of the time, many different kinds of 
microbe end up living together.

Some microbes eat what’s around them, like 
sheep and goats eat plants that they find.

Some microbes hunt and eat other microbes, 
like cats and wolves hunt other animals.

Some microbes work with other microbes, 
giving each other food or protection.

These microbe communities are a lot like the 
animal and plant communities (ecosystems) 
that we know all around us. They are called 
microbiomes.

The body’s biggest microbiome is in the large 
intestine, or colon. Around a trillion microbes 
live there. They can weigh as much as two 
kilograms! Scientists are still counting them, 
but it seems that most people have around 500 
different kinds of microbe in their gut.

Our colon microbes get their nutrients and 
water from what we eat. The colon is a warm, 
dark, low-oxygen place for microbes to live.

We get something from our microbes, too. Our 
microbes help us digest our food.

What word do scientists use to describe 
different kinds of organism living 
together?

Scientists have figured out that it’s 
possible to change the gut microbiome. 

What could be some ways to do this?

Why would some people want to change 
their gut microbiome?

AC

TI
VITY

AC

TI
VITY

microbiome: a community of many kinds of 
microbes
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Poo is full of microbes. 

How could eating poo help a 
patient with an infected gut 
microbiome?

What does “diverse” mean? How 
is diversity important?

Friends and foes

Here is an infected gut 
microbiome. How many kinds of 

microbe do you count here?

Here is a healthy and diverse gut 
microbiome. How many kinds of 

microbe do you count there?

Sometimes microbes make us sick. Microbes 
cause sicknesses like colds and ’flu and 
measles. Microbes can get into our cuts, eating 
us and poisoning us with their waste. It’s 
usually bacteria that do this.

Thousands of years ago, Egyptian doctors put 
mouldy bread onto infected cuts. The mouldy 
bread helped the infection to heal. 

Today, we understand that those infections 
were caused by bacteria, and bacteria are killed 
by antibiotics made by the bread mould. 

Antibiotic drugs now come in bottles. The first 
antibiotic drug was Penicillin. It came from 
the Penicillium fungus. It took until 1928 for 
scientists to make this antibiotic drug. Some 
science problems take a long, long time to solve!

Sometimes bacteria in our guts make us sick. 
They give us diarrhoea and make us vomit. 
We could take antibiotics to kill them, but 
antibiotics would kill a lot of good bugs living 
there, too. And some bad bacteria aren’t hurt by 
antibiotics!

AC

TI
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KILLS 99% 
OF BACTERIA

Anti-Biotic
Cure+

For a long time, we thought that germs must be bad, and poo must be bad. But today, doctors are 
again using poo to treat bad gut infections that antibiotics cannot cure.

How do you think that is done?

Thousands of years ago, Chinese and Arab 
doctors treated bad gut sicknesses by getting 
patients to drink a medicine made from poo. 
We think it was basically a poo smoothie. They 
used both human poo and camel poo.
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Why test it — what 
risks can you think of?

Recipe: A refreshing microbe drink—don’t try this at home!
Today, there are medical clinics that specialise in treating the gut microbiome. The treament 
works like this.

1. Ask a healthy person (the 
donor) for a good poo. Either 
process it straight away, or 
put it into the freezer to keep 
it fresh.

The poo is tested to make 
sure there are no dangerous 
microbes or other things in it.

2. Churn the poo up in a 
blender with water or milk to 
make a smooth purée.

3. Strain the smoothie through 
a sieve to get rid of the solid 
bits. Most of the microbes are 
in the water.

In some clinics, the patient drinks the strained 
liquid just like that. In other clinics, it gets 
squirted deep inside their colons using a 
colonoscope.*

Which way would you prefer? Can you can 
think of other ways?

* A colonoscope is a camera on a long, flexible 
stalk. Doctors use them to check the inside of 
your colon for disease. They also have suction and 
squirting attachments.

Why does the poo need 
to be kept fresh?

AC

TI
VITY

Why churn? AC

TI
VITY

Why strain it? AC

TI
VITY

AC

TI
VITY
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What hypothesis is tested in Step 1?

What did the scientists change, and did they keep the same?

What can you conclude?

If you were the scientist, what questions would you ask 
next?

Some surprising things have happened when humans have been given gut microbes to treat gut 
infections. When that happens, scientists sometimes try experiments on mice to find out what’s 
going on. Here is an experiment that discovered something really surprising.

3. The mice’s body shapes 
changed to match the human’s 

bodies.

EXPERIMENT STEP 1

1. Half of the mice got food with 
gut microbes from a human who 

lives with obesity. 

Mice on microbes

What can you conclude from Step 2?

There’s a catch: standard laboratory mousefood provides a very healthy diet. What questions 
does this complication raise?

AC

TI
VITY

Before starting the experiment, 
the mice took antibiotics for two 
weeks. The antibiotics killed all of 

the bacteria in their guts.

2. The other mice got food with 
gut microbes from a human 

without obesity.

2. All of the mice became lean.

1. All the mice were 
brought together into the 

same cage. 
Because mice eat each 

other’s caecotropes 
(half-digested soft 

poo), they mixed up the 
microbes. 

Now all of the microbes 
were available to all of 

the mice.

EXPERIMENT STEP 2

AC

TI
VITY
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2. Mice on the healthy-food diet 
became lean.

1. Mice with both 
microbiomes were mixed 

into two groups. Both 
groups received the same 
ingredients, but blended 

differently.
One group ate food with low 
fat, low sugar and high fibre 

like a healthy human diet.
The other group got food 
with high fat, high sugar, 

and low fibre, like a human 
junk-food diet.

EXPERIMENT STEP 3

What hypothesis is tested in Step 3?

How does Step 3 refine the conclusion in 
Step 2?

Make a table of all the variables and 
outcomes in the whole experiment. What 
conclusions can you draw about diet, 
microbiomes and obesity?

AC

TI
VITY

The experiments show that diet isn’t the only 
thing that causes mice to develop obesity. It’s a 
combination of diet plus microbes. But why do 
scientists care so much about what microbes 
do to mice? 

What scientists learn from the mice might 
also be useful for improving human health. If 
transferring gut microbes between mice helps 
to change whether the mice develop obesity, 
maybe microbe transfers could help to treat 
obesity-related diseases in humans, too.

Hypotheses are not just wild guesses! 
Scientists base their hypotheses on 
things that they already know.

What facts lie behind the hypotheses in the 
mouse experiment?

Can you think of other hypotheses?

Hypotheses are not just any possible 
explanations. They have to be testable.

What are the testable ideas in the 
hypotheses?

How were they tested?

AC

TI
VITY

3. Mice on the junk-food diet 
developed obesity.

 ¤ take antibiotics to kill your existing gut 
microbiome

 ¤ receive someone else’s microbiome

 ¤ possibly catch diseases or parasites or 
obesity from the donor

 ¤ be assigned to a group that eats only 
junk food or only healthy food

 ¤ share gut microbes with other 
participants in the study

WOULD YOU GO THROUGH WHAT THE 
MICE WENT THROUGH?AC

TI
VITY
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The Gut Bugs team
Big scientific projects need several kinds of 
knowledge, so scientists often work in teams. 
Here are a few of the scientists at the Liggins 
Institute who decided to find out what happens 

when microbes are moved from one person’s 
gut to another person’s gut. They hope to find 
better ways to use microbes as a medicine, to 
help people with hard-to-cure diseases.

Wayne Cutfield is the Principal 
Investigator. He works on the project’s main 
ideas. The principal investigator keeps the 
whole project on-track by organising all of 
the people who work on it.

Wayne is a paediatrician, a medical doctor 
who specialises in helping children who are 
affected by diseases such as diabetes.

Justin O’Sullivan is a Co-Investigator. 
Justin worked out how the microbes would 
be harvested, processed and delivered to 
other people’s colons. 

Justin is a molecular biologist. He 
specialises in learning about how gut 
microbes affect what our genes do.

Thilini Jayasinghe is a microbiologist. She 
worked on just one of the project’s many 
questions. Thilini’s question was, can we 
transfer gut microbiomes by swallowing 
the microbes in capsules?

Thilini’s part of the research qualified her 
for a university degree. It took about three 
years and, like Wayne and Justin, Thilini is 
now a Doctor of Philosophy.
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PROCESS  your DATA 
and ANALYSE your 
EVIDENCE.

What evidence will 
they get?

TEST your PREDICTION 
using experiments, 
observations, models, 
surveys.

What experiments might the 
Gut Bugs study use?

Make a PREDICTION.

What do you think will 
happen?

Gather 
INFORMATION.

What information 
might the Gut Bugs 
scientists need?

Ask a QUESTION.

What are the Gut Bugs 
questions?

SHARE your FINDINGS 
with other scientists and 
with the community.

How could the Gut Bugs 
scientists share what they 
learn?

WORK LIKE A SCIENTIST
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Gut Bugs—study design
The Gut Bugs project has a big main question: can obesity be reduced by transferring gut 
microbes from a person with a lean, fit body? It wasn’t that complicated to design an experiment 
to test this on mice, but it’s a bit more complicated when working with humans. Let’s look at what 
the Gut Bugs team decided to do.

The recipients take a 
laxative. This clears a bit 
of space in the colon for 

the new microbes to live in, 
but doesn’t kill their whole 

microbiome.

The recipients swallow the 
capsules. Some recipients 

get the microbes, and some 
get the placebo capsules. No 
one knows who gets which.

Get microbes from donors. 
Pack the microbes into 
water-filled capsules.

Make placebo capsules that 
contain just water without 

microbes. 

See what’s in the 
recipients’ microbiomes at 

the start.

Check that the donors 
don’t have transmissible 

diseases or conditions that 
might hurt the recipients 
or complicate the study.

The scientists recorded what happened over the next six months.

What microbes are 
in the recipients’ gut 

microbiomes.

How much fat and muscle 
there is in the recipients’ 

bodies.

How much exercise the 
recipients do.

get background information 
at the beginning, so the 
scientists can tell whether 
anything changes

prepare microbes and their 
new homes inside people 
who’ll swallow them

the experiment

Compare the two groups.

Do their bodies change?

Do their microbiomes change?

DONORS RECIPIENTS

before after?
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Thilini’s work

Thilini studied the participants’ microbiomes 
for six months. She compared the recipients’ 
gut microbiomes with the microbiomes from 
the donors.

Thilini’s conclusion: The recipients’ 
microbiomes became more like the donors’ 
microbiomes. So the transfer method works!

Every few weeks, Thilini took a few capsules 
out of the freezer and ran their contents 
through a machine called a “flow cytometer.” 
This machine counts how many microbes 
are dead and how many are alive. That’s how 
Thilini found out how well the microbes 
survived being frozen in capsules.

Thilini did a lot of different activities for 
her research. Are these activities what 
you imagine scientists do? 

AC

TI
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Thilini worked on finding out how well we can transfer gut 
microbiomes by swallowing capsules made from other people’s 
gut microbes. 

Thilini got gut microbes from donors and packed them into 
capsules for the recipients to swallow. She put them away in a 
freezer for storage.

1. First the cells 
are dyed. The dye 
gets into the dead 

cells but not the 
living ones.

2. Next, the cell solution 
is pumped through a 

thin, clear tube.

3. A laser shines 
through the tube, 

lighting up each cell as 
it passes by.

4. A camera sees 
whether each cell 
has been dyed or 

not.

FLOW CYTOMETRY

1. DNA from the poo 
is forced through a 
tiny hole in a special 

membrane.

2. The different DNA 
bases stretch the hole by 

different amounts. The 
stretch can be measured 

electronically.

3. We can read 
the DNA by 
reading the 
stretching.

4. A computer 
helps to sort 

through all the 
data, and to 

match the DNA 
to databases.

DNA SEQUENCING

The volunteers swallowed Thilini’s capsules. 
Thilini studied what happened to the 
volunteers’ gut microbiomes.

To do this, she figured out what microbes lived 
in each participant’s gut. She used a machine 
called a “DNA sequencer.” This machine finds 
genes in the participants’ faeces.

The machine finds millions of genes! That 
makes pages and pages of data to sort through. 
Thilini worked out what kinds of microbe the 
genes came from. Then she could calculate how 
many of each kind of microbe there are in the 
microbiome.
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Making capsules from poo
How do you make poo pills? Thilini started off 
by collecting a poo from each donor. 

From each poo, Thilini made a poo purée.

Next, Thilini put the liquid into a machine 
called a centrifuge. The centrifuge whirls tubes 
of the liquid around at a high speed, turning 
about 3,000 times every minute.

motor

Whirling the 
brown liquid 
pushes the 
poopy solid 
bits into the 

bottom of the 
tubes.

Most of the 
microbes stay 

in the clear 
liquid on top.

Now the clear liquid is carefully put into new 
tubes without the poopy bits. Then it gets 
whirled again. This time, the centrifuge turns 
much, much faster, about 12,000 times every 
minute.

Whirling at 
a very high 

speed pushes 
the microbes 

into a little 
clump at the 

bottom.

There’s not 
much left in 
this water.

(The centrifuge is normally inside a strong case 
so no one gets hurt by the whirling tubes.)

Why whirl twice, instead of just once?AC

TI
VITY

Fresh poo from a 
healthy donor.

The donors are all 
checked to make 
sure they have 

no diseases that 
their poo could 

pass on.

Blender

Strainer

The chunky 
bits get 

thrown away

Microbe liquid
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...and poo-free placebos

The tiny ball of microbes is weighed, then 
stirred into water. Thilini measured 1 mL of 
water for every half-gram of microbes.

The water also contains 
a little bit of salt, and a 
bit of antifreeze. What 
are these for?

AC

TI
VITY

Why weigh the microbes 
and measure the water?

AC

TI
VITY

Finally, the microbe solution goes into capsules, 
and the capsules go into the freezer.

Thilini also made some placebo capsules. 
Placebos are ‘pretend’ treatments. Researchers 
use placebos because people get a bit better just 
from being treated, even if the treatment has 
no medicine! By giving placebos to some of the 
people, scientists can figure out how much of 
the result is really from the microbes. 

Thilini’s placebo capsules are just like the 
microbe capsules, except that they don’t 
contain any microbes. All that’s in them is 
the same water with a tiny bit of salt and 
antifreeze.

Capsules come in lots of different kinds. Thilini used 
capsules that resist stomach acid and dissolve very 
slowly. The capsules stay closed until they reach the 
colon. When they get to the colon, they open up and  

deliver the microbes.

It’s really hard to tell between the placebo 
capsules and the real thing. Thilini was 
the only one who could see the difference!

Can you imagine what kinds of placebo 
would be possible with one of the other 
methods for delivering the microbes? 

(One method is to drink the microbe water; 
another way is to squirt it into the colon.)

AC

TI
VITY
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Is it worth it?
Doing research raises some tricky ethics 
challenges. Ethics is the study of what is right 
and wrong. It can take a lot of work to design 
an experiment that would be ethical to run on 
humans, or on mice.

And people sometimes disagree about what is 
and isn’t ethical.

Challenge question: what does it mean for 
knowledge to be ‘worthwhile’? 

Hint: there seem to be lots of kinds of 
‘worthwhile’, and lots of kinds of ‘benefit’. 
Brainstorm with others and see what 
you come up with. 

Do different kinds of ‘worthwhile’ go with 
different kinds of research?
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One ethics principle is that we should 
always try to do good things, and we 
should avoid doing evil things. Trying to 

do good is called beneficence. 

What makes the Gut Bugs study 
beneficent?
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How does running an experiment on 
mice help in designing a more ethical 
experiment to run on humans?

AC
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Researchers want to do good but they 
have to balance that against the risk of 
harming the people or animals in their 
study.

What risks are there in the Gut Bugs 
study?

AC
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The researchers have to work very 
carefully to make sure that they produce 
knowledge that can be relied on.

One way is to use placebos in a double-
blinded trial. How does this work?

AC

TI
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AC

TI
VITY Research can cost a lot of time, money 

and other resources, so researchers take 
care not to waste what they have.

What resources does the Gut Bugs study 
use?

Would you go through what the mice 
went through? Why or why not?

AC

TI
VITY
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What happened next?
Through her research, Thilini found that 
gut microbes survive in frozen capsules. She 
also found that people could change their 
microbiomes by swallowing the capsules that 
she made.

But Thilini worked with only twelve recipients, 
and for only six months. It takes much more 
data—from more participants, over a longer 
time—to answer the big questions about 
whether changing our microbiomes like this 
can improve our health. So why did they work 
with only twelve recipients?

The Gut Bugs team started with only a 
small trial to test their methods. Small 
trial experiments like this are called “pilot 
experiments.” Pilot experiments are good for  
testing whether the experiment will produce 
useful evidence for testing their hypotheses. 
Scientists often start with pilot trials so they 
can be sure that a big experiment is worth the 
resources and the risks.

After the successful pilot, the next step is to run 
a bigger experiment with many, many more 
participants over a longer time.  With more 
participants and more time, the Gut Bugs team 
will be able to get much more evidence. More 
evidence will let them make clearer, stronger 
conclusions. So that is what the scientists did!

What will the scientists find in the full study? 
You can probably make a good guess, but the 
only way to be sure is to wait for the evidence.
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Living better with our microbes
The Gut Bugs study has shown that we can 
change our gut microbiomes by swallowing 
microbes from other people's guts. 

Another way to change your gut microbiome 
is to change what you feed it. Foods for our 
microbes are called pre-biotics. 

We can also swallow microbes from other 
sources. Microbes for eating are called pro-
biotics. You can buy capsules of microbes at 
the pharmacy.  Scientists are still figuring out 
what they do.

Is your microbiome part of you, or is it a 
separate thing living inside you?

AC
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Some good gut microbes eat 
the mucus that forms in our 

colons between meals. You 
can give them a good feed by 
not eating at night between 

dinner and breakfast.

Make a list of breakfast foods. Sort 
them into two groups: good for your 
microbiome, and harmful to your 
microbiome.

Design a breakfast menu that gives your 
gut microbiome a good start to the day.

AC

TI
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Many foods contain good 
microbes. You can get 

microbes in yoghurt, some 
kinds of pı̄kara/pickle, kānga 
pirau, Sauerkraut, kimchee, 
toroi, kombucha and many 
cheeses. They are also on 

the skins of raw fruit and 
vegetables, and around the 

seeds in apple cores.
Many good gut microbes like 
to eat fibre. There is lots of 

fibre in the outside parts 
of seeds (like in porridge, 
Weetbix and wholegrain 

bread), and in vegetables, 
and in most fruits.

Some of the gut microbes 
that are not so good for us 

eat sugar and white flour. You 
can starve them by avoiding 
too many sweet treats like 

candy and cake.

When our gut microbes are 
doing well, they can make a 

lot of gas!
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Many good gut microbes 
like the chemicals that make 
strong colours in fruit and 

vegetables, like the purple in 
kūmara and eggplants, the 

orange in carrots and the red 
in tomatoes. So make sure to 

eat the coloured parts!

Starchy foods like potatoes, 
bread, rice and pasta aren’t 

always the best for your 
microbiome or your blood 
sugar. Did you know that 

you can change some of the 
starch into a different kind? 

All you have to do is put it 
into the fridge overnight 

after cooking it. Some of the 
starch changes into 'resistant 

starch' that behaves more 
like fibre.

What would your healthy gut microbes do if 
you fed them with this?

Many good gut microbes 
eat the chemicals that make 
the strong tastes and smells 

in onion, leeks, cabbages, 
broccoli, cauliflowers,  

spices and herbs.

AC

TI
VITY
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Glossary
adaptation Something that helps a life form to 

live in a particular environment. 
For example, flippers and fins are 
adaptations that help to move through 
water. Hairy leaves are adaptations 
that help plants to survive caterpillars. 
Good eyesight is an adaptation that 
helps animals to find food or notice 
danger.

antibiotic A chemical that kills bacteria or stops 
them from growing. Many antibiotics 
are made naturally by fungi. There are 
also synthetic antibiotics. 

centrifuge A machine that separates the dense 
and rare parts of liquid mixtures. The 
separation works just like when oil 
and water are mixed together, and the 
oil floats to the top. The oil and water 
move according to the direction of 
gravity. Centrifuges create a force a lot 
like strong gravity, so the denser parts 
move outwards.

diverse Having a mixture of many different 
members. In the most diverse groups, 
every member is different so there is 
no majority. 

ecosystem A community of life forms, plus their 
non-living environment.

ethics The study of what is right and wrong, 
what is good and bad, and of what we 
should and should not do.

faeces A formal word for poo. Sometimes it’s 
also called ‘stool’.

fibre The part of food that we can’t digest 
using our own enzymes. Fibre passes 
through the small intestine and some 
of it feeds microbes in the colon. Much 
of the other fibre makes faeces soft, 
moist and cohesive.

 Fibre is also called ‘roughage’.

hypothesis An explanation that needs to be tested.

microbe A life form that is too small to see 
without magnification. But there 
are a very few exceptions, such as 
Thiomargarita namibiensis bacteria 
that can grow to almost a millimetre 
across! They live in mud under the 
ocean. There are also Epulopiscium 
fischelsoni bacteria that grow about 
half a millimetre wide. They live inside 
fish stomachs.

microbiome An ecosystem of microbes. This book 
is mostly about microbiomes in the 
human gut, but there are microbiomes 
everywhere!

pilot experiment A small experiment to figure out 
whether the experiment is designed 
well, and to figure out how to improve 
the design before investing in a big 
experiment.

placebo A treatment that doesn’t have any 
treatment in it. The treatment is 
usually a drug, but it could also be 
electricity, light, nutrients, or even 
microbes. Even though placebos do 
not include the treatment, placebo 
treatments still have a medical effect. 
By including a placebo in experiments, 
scientists can work out how much of 
the improvement is really due to the 
treatment.

pre-biotic Food for microbes. Pre-biotics can 
include foods with lots of fibre or other 
nutrients for your microbes to eat.

pro-biotic Microbes for your body. Pro-biotics can 
be foods with living microbes, microbes 
in capsules, or even microbes in lotions 
for your skin.
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This booklet supports exploration of the nature 
of science along with the science itself. It connects 
current research with learner-relevant socio-
scientific issues, and integrates an exploration of 
what we know with an exploration of how we know 
it —and how we are still finding out more.

The context for this booklet is the Gut Bugs Study 
led by Professor Wayne Cutfield at the Liggins 
Institute. The story is told in a way that allows 
learners to engage with research evidence, relate 
research to issues that matter to them and in their 
own communities, and to integrate research into 
their own decision-making.* 

By featuring the work of Thilini Jayasinghe, we 
offer an insight into advanced university study, 
and a challenge to widely-held stereotypes of what 
scientists do and who can be one.†

p. 6 Microbes are part of our environment, but 
were discovered only by chance. This is called 
serendipitous discovery. 

 Science is shaped by technology. 
Though mould was well-known as a bulk 
substance, the discovery of individual 
microbes could not have happened as it did 
without microscopes. No one really knows 
when the first microscopes—magnifying 
glasses—were invented and used. Compound 
microscopes appeared around 1620. Antoni 
van Leeuwenhoek, the cloth merchant 
who discovered microbes, developed his 
microscopes in the 1670s. They had only one 
lens, a tiny glass ball only 1 or 2 millimetres 
wide. Leeuwenhoek made at least two dozen 
of these microscopes. Our direct evidence 

* See Grace, M. & Bay, J. (2011). Developing a pedagogy to 
support science for health literacy. Asia-Pacific Forum on 
Science Learning and Teaching, 12, 1–13.
† See e.g. Miller, D., Nolla, K., Eagly, A. & Uttal, D. 
(2018). The Development of Children’s Gender-Science 
Stereotypes. Child Development, 89, 1943–1955.  
Nelson, D., Grazier, K., Paglia, J. & Perkowitz, S. (Eds.) 
(2013). Hollywood Chemistry: When Science met 
Entertainment, Washington, DC: American Chemical 
Society.

A note for teachers
about them is the nine that are known to have 
survived. (The microscope shown is from 
centuries later but used here because it is 
easier for readers to interpret.) There is also 
documentary evidence from Leeuwenhoek’s 
reports, 190 of which were published in the 
journal of the Royal Society.

 Technology can change either or both of 
the quantity and the kind of evidence that 
scientists work with. Technology also 
changes what skills are important in science 
education. See examples in Thilini’s story 
below.

p.8 Emergence of interdisciplinary thinking. 
Microbiology (which studies individual 
microbes) merges with ecology (communities 
and environments) and genomics (genes) to 
create microbiome studies.

p. 10 Scientific paradigms: germ theory and 
microbiome dysbiosis as paradigms for 
disease.

 In addition to differing concepts of “disease”, 
each paradigm also has its own kinds of 
information and evidence, its own procedures 
and equipment, its own concept of treatment, 
and its own understanding of “cure”.

 Co-existence of paradigms: science often 
entertains multiple paradigms, choosing 
between them according to context.

 Topics are “problematised” differently 
between paradigms: what counts as an 
important problem in one paradigm might be 
justified by different reasons, or might even 
make no sense, in a different paradigm.

p. 12 Refinement of knowledge by many 
steps. Scientific investigations rarely have 
only one step. This experiment shows how 
intermediate results lead on to the next step in 
the experiment.

 Each step has its own hypothesis within the 
broader hypothesis of the whole project.
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 Informed hypotheses. Hypotheses come from 
prior understanding, reasoning and evidence.

 Testable hypotheses. Hypotheses are usually 
written with a firm, specific claim that we 
can try proving wrong. (This feature is called 
“falsifiability”.) We often can’t test whether 
hypotheses are right.

 Socio-cultural motivations: science is often 
inspired and guided by social concerns such as 
health, economic or technological application, 
in addition to being motivated by curiosity and 
intellectual culture. 

p. 14 Science as a communal endeavour. Most 
science is done by teams. The teams (and 
also solo researchers) operate within broad 
communities of peers—problems, methods 
and evidence are engaged with across whole 
disciplines.

 Science as an education context. Modern 
scientific teams often include students whose 
work on the research team counts as work 
towards a university degree.

p. 16 Study design: baseline, then intervention, 
then comparison with baseline. It looks very 
simple when laid out this way, in contrast to 
the complications and details shown through 
Thilini's story.

 Placebo: the placebo is the treatment, not 
the microbe-free capsules. The microbe-free 
capsules are only one part of simulating the 
treatment.

 Double-blinded trials: just as placebos reduce 
bias from the participants, blinding reduces 
bias from the researchers. Reducing bias 
is important not only for logic, but also for 
fuilfilling ethical duties.

p. 17 Science is what scientists do. But what 
do scientists do? Media representations 
of microbiology can be misleading, often 
omitting activities such as data analysis, 
statistics and computer programming in 
favour of pipetting, cloning extinct animals, 
and unleashing deadly pandemics. 

 Thilini’s story offers a more realistic view 
of science through technologies that she 
used: computers, programming languages, 
statistics software, data visualisation, DNA/
RNA sequencers, flow cytometers. 

 The DNA/RNA sequencing technology 
depicted is new. Nanopore technologies for 
identifying molecules started working well 
around 2005. Commercial nanopore-based 
DNA/RNA sequencers appeared around 2015. 
Older sequencing technologies (based on 
replicating and breaking the DNA into pieces 
for electrophoresis) are also still in use.

 Flow cytometry includes staining, a key 
technology of 19th-century microbiology.

p. 18 Combining technologies; borrowing 
technologies between disciplines. Some 
older technologies remain in important use, 
and science imports e.g. pharmaceutical 
technologies for drug delivery: capsules and 
pills.

p. 20 Ethics: scientists balance beneficence 
against the risk of causing harm. Ethics 
standards keep evolving because we learn 
more, and also because beneficence and 
harm are conceptualised differently between 
cultures, and often even between groups in the 
same culture.

p. 22 Real-world socio-scientific application: 
there is growing public interest in microbiome 
health. There is also a growing commercial 
interest in promoting foods, diets and 
cosmetics in microbiome-framed terms. 

 Further applications: the appropriate use 
of antibiotics, microbiomes in the built 
environment, microbiomes in the garden 
and farm, microbiomes in the natural 
environment. 

 Specific case studies can be found in the many 
foods, supplements, cleaners and cosmetics 
now marketed as being good for our personal 
microbiomes.

 The microbiome may also be an important 
developmental cause of health or disease.


