
LIVING THINGS 

LEVEL 1

Internet of Things Kitchen Gardens

Visit us at www.iotkg.org for further resources

CONNECTING STEM EDUCATION WITH REAL LIFE.

http://www.iotkg.org


KEY QUESTION:

How can we use data to keep  
our population of worms healthy? 

Questions that answer part of the key 
question:

• What are the healthiest conditions  
for our worms to live in? 

• How can we use data to monitor those 
conditions? 

• How can data help us make decisions 
about what to change?

Your students may come up with more 
questions of their own.
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ABOUT THIS RESOURCE
In this unit, students will set up automatic sensors to collect light, temperature and soil moisture 
data from a worm farm. But before this data collection will mean anything to them, they need to 
learn about worms –  their ideal living conditions and why they are so good for our gardens.

The unit works just as well if you already have a worm farm or if you are just setting one up. 
There is even a low- cost, easy entry into worm farming – worm hotels.

WHEN TO START THIS UNIT
Unless you live in the very coldest mountain regions 
of Australia, a worm farm will be active year-round, 
so you can start the unit at any point in the year.

YOU WILL NEED 
An active population of compost worms to run this 
unit. It’s okay to be setting up a worm farm as you 
start the unit. Some advice is given in the teacher 
notes on where to site your farm, and the different 
types of farms.

Please note that the intense-feeding compost worms 
we use in this unit are not the same as ordinary 
earthworms. You will need to buy or ask for a 
donation of ‘Red Wrigglers’ or ‘Tiger’ worms to get 
your worm farm started. To buy compost worms 
online, search for ‘worm farm supplies’ – they 
should be readily available by mail order or in larger 
hardware and garden centres.

DATA AND DECISIONS
The focus of the unit is for students to collect and 
interpret data before making real-world decisions. 
First, we explore information about worms and 
their functions. Why do we keep worms? (What do 
they do?) We then collect data, learn to look for 
patterns in that data, draw conclusions about what 
the patterns mean in relation to science knowledge 
(what is optimal for worms?) – and finally, we use 
the data to make decisions and take action. 

The purpose of the unit is to collect and interpret 
data to make meaningful decisions about the system 
(a worm farm) in our care. The unit therefore seeks 
to answer this key question: How can we use data to 
keep our population of worms healthy?

With the understanding that a healthy worm farm 
benefits the garden’s soil biota, its plants, and 
ultimately, ourselves, when we eat those plants. 

Our goal is that students become aware of how 
custodians of living things make decisions about 
the best health and conditions for their ‘ livestock’ by 
analysing and coordinating data and observations. 
This links to Science, Maths and Digital Technologies 
learning outcomes. It supports the Sustainability 
cross-curriculum priority.

Themes in this unit include: 

• living things / minibeasts 

• soil health

• food waste and waste reduction 

• sustainability

• growing/ farming food.

http://www.iotkg.org
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AUSTRALIAN CURRICULUM LINKS 

MATHEMATICS
Year 3
Collect data, organise into categories and create 
displays using lists, tables, picture graphs and simple 
column graphs, with and without the use of digital 
technologies (ACMSP069)

Year 4
Construct suitable data displays, with and without the 
use of digital technologies, from given or collected data. 
Include tables, column graphs and picture graphs where 
one picture can represent many data values (ACMSP096)

Year 5
Pose questions and collect categorical or numerical data 
by observation or survey (ACMSP118)

Construct displays, including column graphs, dot plots 
and tables, appropriate for data type, with and without 
the use of digital technologies (ACMSP119)

Year 6
Interpret and compare a range of data displays, 
including side-by-side column graphs for two 
categorical variables (ACMSP147)

Interpret secondary data presented in digital media and 
elsewhere (ACMSP148)

CROSS-CURRICULUM PRIORITIES
Sustainability

DIGITAL TECHNOLOGIES
Years 3&4
Collect, access and present different types of data 
using simple software to create information and solve 
problems (ACTDIP009)

Define simple problems, and describe and follow a 
sequence of steps and decisions (algorithms) needed to 
solve them (ACTDIP010)

Years 5&6
Acquire, store and validate different types of data, and 
use a range of software to interpret and visualise data to 
create information (ACTDIP016)

Define problems in terms of data and functional 
requirements drawing on previously solved problems 
(ACTDIP01)

Years 7&8 
Acquire data from a range of sources and evaluate 
authenticity, accuracy and timeliness (ACTDIP025)

Analyse and visualise data using a range of software to 
create information, and use structured data to model 
objects or events (ACTDIP026)

SCIENCE
Year 3
Science involves making predictions and describing 
patterns and relationships (ACSHE050)

Year 4
Science knowledge helps people to understand the 
effect of  their actions (ACSHE062)

Living things depend on each other and the environment 
to survive (ACSSU073)

Year 5
Scientific knowledge is used to solve problems and 
inform personal and community decisions (ACSHE083)

Living things have structural features and adaptations 
that help them to survive in their environment 
(ACSSU043)

Year 6
The growth and survival of living things are affected by 
physical conditions of their environment (ACSSU094)

Scientific knowledge is used to solve problems and 
inform personal and community decisions (ACSHE100)

http://www.iotkg.org


SEQUENCING: 

The lessons work in sequence, each one building 
on the lesson before it. 

Projects, however, can be completed as stand-
alone tasks or in the session following a lesson. 

Extension Ideas can be completed at any point by 
individuals or groups of students.
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UNIT OVERVIEW 

EXTENSION IDEAS: WORM PH  
AND WORM TRAILS

• The garden

• 45 minutes per activity plus project time

Optional explorations about worms, pH and soil 
health.

LESSON 4: WORM DATA 

• The classroom

• 35-45 minutes 

Learning to recognise patterns in raw data from 
sensors.

LESSON 5: A PERFECT DAY IN  
WORM TOWN 

• The classroom 

• 35-45 minutes 

Looking for patterns in our own sensor data 

LESSON 6: TAKING ACTION 

• The classroom or an outdoor class space

• 35-45 minutes 

Using our data to make decisions for the health of the 
worm farm. 

STUDENT REFLECTION 

• The classroom or an outdoor class space

• 5-15 minutes 

Reflection questions for independent student review 
of the unit and its outcomes. 

LESSON 1: GETTING STARTED  
WITH WRIGGLERS 

• The garden or outdoor classroom 

• 35-45 minutes

Tuning in to the topic of worms, learning about 
their needs and ideal living conditions and what 
data we can collect to monitor this.

LESSON 2: BUILDING A WORM HOTEL 

• The garden or outdoor classroom  
(or a maker space if convenient)

• 45 minutes

These towers of worms can power-boost a garden 
bed with organic matter. They are also a cheap 
and simple way to start worm farming or split 
an existing worm farm population to maintain its 
vigour. 

LESSON 3: DATA DESIGN 

• The classroom or an outdoor class space

• 35-45 minutes 

Exploring why and how to measure worm farm 
health. Documenting our plan.

PROJECT: SETTING UP  
THE SENSORS 

• The classroom or garden  
(not location specific)

• 45 minutes

Establishing data collection sensors in the  
worm farm. 

http://www.iotkg.org
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EQUIPMENT / RESOURCES
BASIC SOFTWARE AND EQUIPMENT LIST

• Miflora sensor and Espruino device / puck (one of each, although you are welcome to get more)

• IoTKG app running on a tablet or device

• Google sheets or Excel

• Thingspeak software (optional)

WHAT THE EQUIPMENT IS DOING
During the course of these Level 1 lessons, we use 
a simple set-up of sensor, puck and device. 

The Miflora sensor connects (pairs with) the puck. 
The sensor sends data to the puck, where it is 
stored. When your device with the IoTKG app 
comes into range (Bluetooth range is about 5m), 
you can upload stored data.

Optional software such as Thingspeak connects 
the IoTKG app to the cloud so that the data from 
your sensor can be accessed anywhere.

WHAT TO DO FIRST 

Have you followed the set-up instructions included in your kit? If not, now is the time to get the puck 
and sensor set up and connected. 

If your puck was set up some time ago, you should check that your puck is running the most  
up-to-date firmware. 

Video instructions for set-up and for checking the firmware can be found on our website:  
www.iotkg.org 

http://www.iotkg.org
http://www.iotkg.org
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PURPOSE:
Tuning in, learning about worms, and making 
decisions about data we can collect

LOCATION: 
Outdoors

DURATION:
20-30 minutes

YOU WILL NEED: 

• Several copies of the student factsheet on  
pp 8-9

• A few worms in a handful of moist worm 
bedding (a handful of wet straw in a small  
plant pot is perfect) 

• A bucket or large plant pot filled with soil. Make 
sure the soil is moist and patted down slightly  
so that it is not super fluffy. 

• A watering can half full of water

• Student gardening gloves (optional) 

OPTIONAL PRE-SESSION ACTIVITY
Visit the IoTKG website for links to timelapse  
videos of worms decomposing matter in a worm 
farm www.iotkg.org. 

GUIDING QUESTIONS

• Why do we keep worms? 

• What do they do? 

• What conditions suit them best?

LESSON 1

GETTING STARTED  
WITH WRIGGLERS

http://www.iotkg.org
http://www.iotkg.org


© MONASH UNIVERSITY – IOTKG, RELEASED UNDER CC BY-NC-SA 4.0      WWW.IOTKG.ORG 6

LEVEL 1: LIVING THINGS | LESSON 1

NOTE

Some students will be nervous about handling worms so the activity deliberately does not require 
everyone to participate. Gloves will help some students feel confident.

We’ve found that if the eager students go first, some of those who aren’t sure become willing to 
participate in a second or third ‘heat’ of worm racing. Usually most kids will have a go if allowed to 
opt in to a race when they’re ready.

We will:

• Observe worms and learn about their needs.

• Explore what worms do and why this is 
important in a garden.

We can also:

• Begin to use the language of data collection, 
taking ‘observations’ and researching what we 
can quantify such as the optimum temperature 
and moisture for earthworms.

FOCUSING ON WORMS
Show students the worms, explaining where they 
come from and what type they are (red wrigglers  
or tiger worms).

Discuss what students know already about worms.

• Worms live in earth and eat decaying plant 
matter.

• Worms need moisture, food (decaying plant 
matter) and air in order to survive.

Get out a worm and show it to students, pointing out 
the bands and the saddle (the thicker band around 
the body).

• A worm will only have a saddle if it is mature 
and ready to reproduce.

• Baby worms emerge from cocoons produced in 
the saddle, not from the end of the worm.

Explain that worms breathe through their moist, 
gentle skin – so they need the right temperature and 
moisture to survive.

• Worms breathe through their skin (they don’t 
have lungs), so oxygen is absorbed through the 
wet mucus of their skin.

• If this mucus dries out, they die quickly.

Discuss guidelines for handling worms, such as 
holding them gently, never letting worms dry out  
and not exposing them to sunlight for more than  
a minute.

• Temperatures over 30̊ C can harm worms. 
Under 15̊ C, worms are much less active.

• The best temperature for compost worms  
is 15-25̊ C.

Worms are light-sensitive so they will dig into the 
soil away from the light.

• Worms do not have eyes but they have light 
sensors that tell them whether they are in the 
light or the dark. They naturally dig away from 
the light.

• Worms also don’t have noses. The front end of 
the worm, or prostomium , is hard and strong 
so that they can push into soil.

• Just behind the prostomium is the mouth. 
Worms do not have teeth, they suck and mash 
their food to eat it, which is why they prefer 
moist, decaying, soft food like rotting

Handling living things respectfully

Show students how to respect that a worm 
is a living thing and must be treated gently.

Make sure that a worm never dries out! 
They breathe through their skin so this must 
always be moist . The best way to do this is 
to handle them quickly and gently, then pop 
them back into a pot of wet straw mixed 
with soil. Avoid handling them in hot windy 
conditions or direct sunlight.

(Tip the worms into the worm farm or 
garden when you are done.)

http://www.iotkg.org
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RACING WRIGGLERS
Gather a group of 5-6 students around the bucket  
of soil.

Gently place a worm in each student’s hand.

Get students to look at their worm – find the banding 
and the saddle. Get students to predict whose worm 
is likely to disappear first!

The first worm to completely disappear wins the 
race. No touching the soil.

Count to 3 and let the students drop their worm.

• Which one disappears first?

• Was it what you predicted? Why or why not?

Students could capture the results on video and 
explain what they see.

RESULTS
Students generally predict that the biggest, most 
muscular worm will disappear first. This is a great 
understanding of how worms ‘flex’ themselves into 
the soil.

Usually, however, it is the smallest worm that wins 
the race because they have less volume to squeeze 
into the soil and therefore they only need to make a 
smaller ‘tunnel’ for themselves.

The soil conditions also affect the outcome, too.  
How wet is it? Is it packed tightly or not?

Repeat the worm race several more times until 
everyone has had a turn or watched the process.  
This helps all students activate curiosity, and we 
hope, empathy for the wrigglers. It gives a chance 
for those who are not sure about worms to get 
involved in the fun.

TEACHER NOTES
A student factsheet about worms is on the next two 
pages. It repeats the facts above with a few extras. 
You’re welcome to provide copies to students.

You can move straight on to the next activity, or stop 
here and do the next activity in a different session.

MORE ABOUT WORMS
If you’d like to explore more about the world of 
worms, here are a few excellent links on worm 
biology, life cycle and reproduction, and optimum 
conditions for worm life. These resources are great 
for students to explore at any point in your worm 
farming journey – whether you have a worm farm or 
are setting up one now.

• Earthworm anatomy (with diagrams):  
http://extension.illinois.edu/worms/anatomy/
anatomy7h1.html  

• Herman the Worm – Excellent scientific 
information on anatomy, diet and the 
importance of worms. Suitable for primary 
students: http://extension.illinois.edu/worms/

• How to identify red wriggler worms:  
https://dengarden.com/gardening/Identifying-
the-Red-Wiggler-Composting-Worm

• Life of an Earthworm: https://journeynorth.org/
tm/worm/WormLife.html   

• Light and its effects on worms and worm farm 
productivity: https://redlightman.com/blog/red-
light-doubles-vermicompost-rate/ 

• Permaculture Institute – Everything you need to 
know  about  composting with worms: https://
permaculturenews.org/2011/04/02/everything-
you-need-to-know-about-composting-with-
worms/ 

• Worms Garden for You! By Allan Windust –  
A great little book, suitable for upper primary 
students, written by a professional worm 
farmer.

http://www.iotkg.org
http://extension.illinois.edu/worms/anatomy/anatomy7h1.html
http://extension.illinois.edu/worms/anatomy/anatomy7h1.html
http://extension.illinois.edu/worms/
https://dengarden.com/gardening/Identifying-the-Red-Wiggler-Composting-Worm
https://dengarden.com/gardening/Identifying-the-Red-Wiggler-Composting-Worm
https://journeynorth.org/tm/worm/WormLife.html
https://journeynorth.org/tm/worm/WormLife.html
https://redlightman.com/blog/red-light-doubles-vermicompost-rate/
https://redlightman.com/blog/red-light-doubles-vermicompost-rate/
https://permaculturenews.org/2011/04/02/everything-you-need-to-know-about-composting-with-worms/
https://permaculturenews.org/2011/04/02/everything-you-need-to-know-about-composting-with-worms/
https://permaculturenews.org/2011/04/02/everything-you-need-to-know-about-composting-with-worms/
https://permaculturenews.org/2011/04/02/everything-you-need-to-know-about-composting-with-worms/
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Worms live in earth and eat decaying plant 
matter. Worms are important recyclers of plant 
material into soil.

There are about 1800 different types of worms 
in the world. In worm farms, people generally 
use one of three types:

• Red Wrigglers – dark pinkish red, the 
colour of uncooked hotdogs 

• Tiger Worms – you can see the stripes 
when they move

• Indian Blues – great for warmer regions in 
Australia.

Using garden worms (the longer, pale worms 
you find in the soil) is not recommended in a 
worm farm. Those guys are burrowers rather 
than intense feeders.

They’re harmless if you have a few in your 
worm farm, but if you want your worm farm 
pumping out worm compost and rich plant 
feeding worm tea, you need a colony of intense 
feeders to eat your kitchen scraps and turn 
them into black gold!

WHAT WORMS NEED TO SURVIVE:
Worms need moisture, food (decaying plant 
matter) and air.

Worms breathe through their skin (they don’t 
have lungs). Oxygen is absorbed through the 
wet mucus of their skin. If this mucus dries  
out, they die quickly. Worms like to be in soil 
that contains more than 25% moisture.

Temperatures over 30̊ C can harm worms. 
Under 15̊ C, worms are much less active. 
The best temperature for compost worms 
is 15-25̊ C.

Worms do not have eyes but they  
have light sensors that tell them whether 
they are in the light or the dark. They 
naturally dig away from the light. Worms 
like a lux level below about 800.

Worms also don’t have noses. The front end  
of the worm, or prostomium, is hard and strong 
so that they can push into soil.

Prostomium

Mouth

Anus

Clitellum

Cocoon Baby worms

Just behind the prostomium is the mouth. 
Worms do not have teeth, they suck and mash 
their food to eat it, which is why they prefer 
moist, decaying, soft food like rotting leaves.

STUDENT FACTSHEET

THE WORLD OF WORMS

http://www.iotkg.org
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STUDENT FACTSHEET: THE WORLD OF WORMS

WORM LIFE CYCLE AND REPRODUCTION

• Worms are hermaphroditic.  They are neither male nor female but have both gender organs  
in one body.

• Two worms are still needed to mate.

• A worm will have a saddle if it is mature and ready to reproduce. Immature worms do not have 
a saddle yet.

• They make contact and exchange sperm from saddle to saddle.

• A cocoon forms around the saddle and when it is ready it slips off the worm. Baby worms 
emerge from cocoons, not from the end of the worm.

• Worms can produce about 2 cocoons per week.

STUDENT FACTSHEET: THE WORLD OF WORMS

http://www.iotkg.org
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PURPOSE:
Creating a small worm farm for use  
in a raised bed

LOCATION: 
Outdoors

DURATION:
45 minutes

YOU WILL NEED: 

• An electric drill (adult use)

• A length of plastic drainpipe about  
45 cm long 

• A marker pen

• An old adult sock

• Garden trowels and gloves for students

• A handful of compost worms – tigers  
or red wrigglers

• A few handfuls of kitchen scraps  
(excluding citrus peel and onions)

• A handful of dead grass, straw or mulch

• A watering can with water

BEFORE THE LESSON
Gather the tools and materials. You may want to 
pre-drill the holes in the drainpipe (an adult must  
do this). Decide where your worm hotel will go. 
Worm hotels are particularly effective in raised  
beds where they can add organic matter to the soil.

GUIDING QUESTIONS

• Why do we keep worms? 

• What do they do? 

• What conditions suit them best? 

LESSON 2

BUILDING A WORM HOTEL

http://www.iotkg.org
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We will: 

• Make a home for our worms in the garden bed 
where they can enrich the soil.

WHAT TO DO
Discuss why we want to encourage worms to live in 
our garden. They eat organic matter, make soil, make 
tunnels in soil that allow air and water to get in – all 
of these things are great for plants.

Show students the materials for our ‘worm hotel’.

Take the white drainpipe and draw a line around the 
middle (roughly). On one side of this line, an adult 
drills holes with an electric drill with a bit about 2 - 
3 mm in diameter. It’s a good idea to wear gloves as 
you do this as the drill can be surprisingly slippery 
on the curved plastic piping. (Or do this in advance.)

The end of the tube with the holes will be 
underground. Have students dig a hole big enough 
to bury this end of the pipe under the soil in your 
chosen location (a raised garden bed is perfect but 
any garden bed will do). 

Place the pipe in the hole, push soil around it and 
firm it in so it stands upright. The drilled holes 
should all be underground. The line you drew should 
be at the soil line.

Place wet straw or grass in the bottom of the pipe. 
Water well, and water the soil around the pipe.

Place the worms in the pipe on top of the wet straw 
or grass. Place some kitchen scraps on top of the 
worms, in the pipe. Water well.

Cover the end of the pipe with the old sock – this 
prevents flies from laying eggs in the worm tower.

LOOKING AFTER YOUR WORMS
The worms will eat the scraps.

Half fill the pipe with fresh kitchen scraps about 
twice a week. Add a handful of dry mulch with each 
food delivery.

DO NOT give the worms onions, citrus or cheese. 
Worms do not eat meat or bones. They lovepotato, 
pumpkin, banana skins and all leafy vegetable 
scraps.

On hot days, place a wad of wet scrunched up 
newspaper in the pipe to insulate the worms.

Keep that sock on top to keep out insects!

TEACHER RESOURCES
ABC Gardening Australia – Mobile Free-Range Worms 
– Costa Georgiades (video, duration 2:17): http://
www.abc.net.au/gardening/stories/s4488341.htm

City of Sydney: How to Start a Worm Farm (video, 
duration 5:01): https://youtu.be/Berf8Sy0SCI 

Gardening Australia: Three Easy Ways to Build a 
Worm Farm (video, duration 6:12): https://youtu.be/
CvCCuvi6eHw 

Organic Gardener – Liquid Gold (using worm liquid 
fertilizer): https://www.organicgardener.com.au/
blogs/liquid-gold

Ted-Ed: Vermicompost (video, duration 4:29): 
https://youtu.be/V8miLevRI_o

http://www.iotkg.org
http://www.abc.net.au/gardening/stories/s4488341.htm
http://www.abc.net.au/gardening/stories/s4488341.htm
https://youtu.be/Berf8Sy0SCI
https://youtu.be/CvCCuvi6eHw
https://youtu.be/CvCCuvi6eHw
https://www.organicgardener.com.au/blogs/liquid-gold
https://www.organicgardener.com.au/blogs/liquid-gold
https://youtu.be/V8miLevRI_o
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LESSON 3

DATA DESIGN

PURPOSE:
Exploring why and how to measure worm farm 
health. Documenting our plan.

LOCATION: 
The classroom or an outdoor class space

DURATION: 
35-45 minutes 

YOU WILL NEED: 

• MiFlora sensor and Espruino device / puck 

• garden trowel

• digital and analogue thermometers

• a light meter (optional)

GUIDING QUESTIONS

• Why do we keep worms? 

• What do they do? 

• What conditions suit them best?

NOTE
You can set up the sensor and puck at any time.  
They do not need to be set up before this class,  
you are just showing them to the students.

LEVEL 1: LIVING THINGS | LESSON 3

http://www.iotkg.org


We will:

• Examine the sensors and discuss how  
they work.

• Explore where and how we can take  
data observations in a worm farm. 

• Discuss why we are monitoring light, 

temperature and moisture data.
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DISCUSSING DATA

• Once you have built your worm hotel (or a worm farm), show students the MiFlora sensor and puck. 

• Explain that these sensors will tell us about four things: temperature, light, soil moisture and fertility. 
Discuss any of these terms that are unfamiliar to students. (We are going to leave fertility aside for the 
moment and look at the other three.)

• The puck will connect to the sensor via Bluetooth.

DATA FOR DECISION-MAKING
Draw three columns on a whiteboard or poster paper. 

Ask students to refer to the list of what they know about worm needs and tell us how this data will help us 
keep a healthy worm farm. 

We have done one example in the first column for you.

Continue the first column with ‘too cold’ and take suggestions for what students would do to remedy this.

Fill the rest of the columns with ‘problems’ your worms might face. 

TEMPERATURE LIGHT SOIL MOISTURE 

Problem: worms are too hot

Definition: too hot is defined as soil 
temperature greater than 30̊ C

Solution: put a wet cloth on the  
worm farm

What will indicate we have solved the 
problem? (Temperature reading drops 
below 30̊ C)

Problem: 

Definition:

 

Solution: 

Problem: 

Definition: 

Solution: 

Reminder (from Lesson 1): 

Temperature: The best temperature for compost worms is 15-25̊ C. Temperatures 
over 30̊ C can harm worms. Under 15̊ C, worms are much less active. 

Light: Worms like a lux level below about 800.

Soil moisture: Worms like to be in soil that contains more than 25% moisture.

LEVEL 1: LIVING THINGS | LESSON 3

http://www.iotkg.org
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CARING FOR THE WORM FARM  
USING DATA TO HELP US
This is what we are aiming for. Share this vision with 
students:

1. Find out what conditions (temperature, light, 
moisture) suit worms best so that we have a 
healthy worm population. 

2. Collect data and look at it to see what conditions 
are actually like in our worm farm.

3. Explore the data for patterns that show us what 
sort of conditions threaten our worms’ health 
(e.g. hot days over X degrees). 

4. We devise actions to take in situations of these 
circumstances (e.g. hot days) that we can 
prove will work. Proof id supplied by further 
data observations (did our action bring the 
temperature down, and far enough?) 

5. When we get adept at using the technology 
we can get the system to tell us when to do an 
action – or even build a system to do the action 
for us (Levels 2 and 3). 

EXPLORING TECHNOLOGY 

TEMPERATURE

EQUIPMENT: 
Show students a digital reading of temperature and, if 
you want to use them, analogue thermometers as well. 

LOCATION:
Demonstrate where to test air temperature in a worm 
farm (above the surface of the soil and matter). 

Explain that the sensor is going to collect data about 
the temperature of the air in the worm farm.

DISCUSS: 
Is the location of our worm farm shady or sunny? Does 
it change through the day? Why might this matter? 
How can data help us decide if it should be placed 
somewhere else? 

LIGHT

EQUIPMENT: 
Show students how a light meter works. Explain that 
light, or brightness, is measured in a unit called ‘lux’. 
(Symbol: lx) 

LOCATION:
Demonstrate the light level in your worm farm by 
placing the sensor inside and checking the reading in  
the middle of the day. 

DISCUSS: 
A closed box worm farm might be almost completely 
dark, whereas a worm tower with a sock on the top 
of the tube will be shaded but bright. Compare sunny, 
shady and dark places. How can data help us decide  
if the worm farm is dark enough?  

SOIL MOISTURE

EQUIPMENT: 
Show students the Miflora sensor and point out the 
probe that extends into the soil. This probe tells us how 
moist the soil is by measuring the electrical conductivity 
in the soil.

LOCATION:
Remind students that worms need to stay moist at all 
times in order to breathe. But if they are completely 
submerged in water they drown.

DISCUSS: 
Discuss any considerations such as that if the sensor is 
submerged in water it will stop working – but that this 
also means worms are drowning, so we want to act 
quickly if the sensor stops! 

RECAP
Discuss what reasons we have for checking the  
light, temperature and soil moisture in the worm 
farm. Write down your reasons for data collection, 
such as to check that the worms are not too hot and 
not too cold.

LEVEL 1: LIVING THINGS | LESSON 3

http://www.iotkg.org


QUiCK START SETUP VIDEO

Find the video on the IoTKG website:  
www.iotkg.org
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PROJECT: SET UP SENSORS

The Miflora sensor connects to the puck  
(an Espruino device) via Bluetooth. The sensor 
sends data to the puck, where it is stored for  
us to download when we come into range with 
a device that is running the IOTKG app. This 
local system (sensor-puck-app) is not relying 
on the internet and operates regardless of 
whether you are on a network.

There is a technical set-up guide that you 
would have received in your welcome pack.  
If you have followed this guide, skip the video 
below and move on.

TO GET STARTED
1. Download the IOTKG App and install it on 

your device.

2. Activate the Miflora sensor and the puck 
following the instructions in the video.

3. Connect the puck to your device through  
the IOTKG app – also covered in the video.

We suggest that you follow the prompts in 
the video, stopping and starting the video as 
needed. Having a second device (other than 
the one on which you are using the IOTKG app) 
makes this easier.

TIP 
Make sure only one sensor is in range of the 
puck (about 5 meters) when setting up.

Success! You’ve got it right when the sensor 
begins collecting data and the data appears  
in the IoTKG app when you are in range  
(about 5m). 

http://www.iotkg.org
http://www.iotkg.org


WORM PH

Explore what the pH (percentage Hydrogen) 
scale is. Discuss how scientists rely on 
an international scale like this to ensure 
consistency in communication. 

Explore the difference between alkaline 
substances such as bicarbonate of soda, 
dolomite lime and ash – and acidic 
substances such as vinegar or fruit juice. 

A simple pH kit is a great addition to the 
garden tool kit. Students test the pH of these 
areas and others in the garden: 

• the worm farm or worm bedding in the 
worm tower

• a compost heap

• under a pine tree or eucalypt

• next to a concrete wall, concrete step  
or concrete pavers.

What differences do students perceive? Why 
do they think this is?

Students research the best pH for compost 
worm health (red wriggler or tiger worms). 
They find out what food scraps raise or lower 
the pH and adjust the worm farm accordingly. 

WORM TRAILS

A worm pushes its prostomium into the soil, 
then flexes its bands to push and wriggle 
its way into the soil. A worm’s mouth is just 
behind the prostomium, and soil enters the 
worm’s digestive tract, where the decaying 
organic matter feeds the worm. 

The worm excretes (poos) a trail behind itself 
into the tunnel. This is referred to as worm 
‘castings’ (like cast-offs or discards). The 
worm’s digestive system contains microbes 
that are extremely beneficial to plants. 

Each tunnel created by a worm allows water 
and air into the soil. It provides an easy 
channel, lined with plant food, for plants’ 
roots to grow into. 

Explore the needs of plants, including air and 
water in the soil.

Set up an experiment in which some 
seedlings are grown in sterile soil mix 
(seedling mix) and others are grown in a 
mixture of 10 parts sterile soil mix soil, 2 
parts compost and 1 part worm castings. 
(Expressed as a ratio of 10:2:1). 

Water both sets of seedlings the same 
amount at the same time.

Check the growth rate of the plants over 
several weeks. 

• Which ones are stronger? 

Students could also check the moisture 
content of both seedling beds and see if one 
has better moisture-retaining qualities than 
the other. Why might this be?
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EXTENSION IDEAS
While waiting for a day or two (or however long you wish) to collect enough data for the next lesson, here are 
some extended activity ideas that may be of use. All of these activities are optional. These activities can be done 
at any time during the unit (or by groups who have finished another task). These are optional extensions.

TEACHER RESOURCES
The Role of pH levels in Compost: https://helpmecompost.com/compost-ph-the-role-of-ph-levels-in-composting/ 

DPI - How Earthworms Help Your Soil: https://www.dpi.nsw.gov.au/agriculture/soils/biology/earthworms

http://www.iotkg.org
https://helpmecompost.com/compost-ph-the-role-of-ph-levels-in-composting/
https://www.dpi.nsw.gov.au/agriculture/soils/biology/earthworms
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LESSON 4

WORM DATA

BEFORE THE LESSON
You have two options for how to get the data from 
your sensors for this activity. 

1. Download the data directly. Check out the video 
on direct downloading a .csv file. The advantage 
with this is that you do not need internet access.

2. Use Thingspeak to collect your data and place 
it into a spreadsheet. Check out the video on 
setting up a Google Sheet. 

Short how-to videos for both options are on the 
IoTKG website: www.iotkg.org   

PURPOSE:
Learning to recognise patterns in raw data

LOCATION: 
The classroom 

DURATION: 
35-45 minutes

YOU WILL NEED: 

• A working MiFlora sensor and Espruino  
device / puck 

• a projector or whiteboard

GUIDING QUESTION

• How do we use data to help us 
keep our population of worms 
healthy? 

http://www.iotkg.org
http://www.iotkg.org


We will:

• Put our sensor data into a spreadsheet.

• Adjust the formatting to make it easier to read (if needed). 

• Learn to look for patterns. 

• Discuss what the patterns mean.
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GETTING THE DATA READY
Here is an example of the data as is comes from the sensor. It’ s a little hard to read so we are going to show 
students what the headers are. You can simplify some of the data as well, by removing decimal places, for 
example. This example is done in Excel.

Here is the data as it initially appears:

• Column A is the time stamp 

• Column B is a data point identifier 

• Column C is the temperature measured in degrees C

• Column D is Light, measured in lux 

• Column E is soil moisture measured as a percentage

• Column F is fertility (which we are not using yet)

• We will not worry about the location data yet either  
(this function is off in our example so there is no data here.)

http://www.iotkg.org
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Look at the data with students and make a few adjustments to make it easier to read. We have:

• labelled the columns

• formatted the temperature column to be a number, to one decimal place.

Either do this with your own data or use this example in the discussion with students. 

DISCUSSING DATA
Discuss with students what you can see, showing 
them how to read the data.

COLUMN A:
The time stamp has the date, followed by the time  
in 24-hour notation.

• How many days does this data cover?

• What time was the first data point taken at?

COLUMN D:
Why would the light level be very low at first and 
then high and then low again?

• What does this suggest? (Hint: look at the  
time stamp.)

COLUMN C:
When was it warmest? When was it coolest? Does 
this correlate to particular times of day or night?

• Is this what you would expect? Why?

TEACHER NOTE:
It would be tempting to skip the data and show 
students the graphs. Graphs are also available in 
the IoTKG app, but exploring the data and learning 
to LOOK for patterns students are more likely to 
understand that this condition (e.g. midday) is more 
likely to lead to that condition (e.g. warmth, light) 
than if we just let a graph do all the thinking for us. 
Part of data literacy is learning to look for simple 
patterns in data.

LEVEL 1: LIVING THINGS | LESSON 4

http://www.iotkg.org
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LESSON 5

A PERFECT DAY IN WORM TOWN

We will:

• Look at the actual data from our own sensors 
and worm farm.

• Learn to recognise light, temperature and 
moisture data. 

• Compare our readings to the idea conditions  
for worms.

• Discuss any adjustments we need to make. 

PURPOSE:
Learning to recognise patterns in raw data

LOCATION: 
The classroom 

DURATION: 
35-45 minutes

YOU WILL NEED: 

• A working MiFlora sensor and Espruino  
device / puck 

• a projector or whiteboard

GUIDING QUESTION

• How do we use data to help us 
keep our population of worms 
healthy? 

LEVEL 1: LIVING THINGS | LESSON 5

http://www.iotkg.org


GETTING TEMPERATURE  
DATA FROM THE BUREAU  
OF METEOROLOGY

Visit www.bom.gov.au 

• Scroll to the bottom area called  
Our Services. 

• Select Climate and Past weather  
(top middle).

• Select Weather station data. The 
screen you come to should look like this:

• In Section 1 select Temperature from 
the drop-down box. 

• Choose Daily. 

• In Section 2 type your town or suburb 
name. Wait for available stations to 
appear below the box. 

• Select a station. A graph showing years 
of data available will appear. 

• Select a year from the drop-down box. 

• In Section 3 hit the Get Data button.

Explore the data you get. 

How does it compare to your own data? Is 
it measuring the same variables that we are 
measuring?
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YOUR DATA, YOUR WORMS
Download the data for a 24-hour period from your 
own worm farm sensors. You may want to save it  
as an Excel file and simplify the columns as before 
(or have students do this as an exercise in rounding 
up and down). 

Tell students you are going to use each of the  
data variables to check up on the health of the  
worm farm. 

LIGHT
First, look for any major changes in lux. This 
will indicate every time someone lifted the lid 
and looked into the worm farm. 

If the lux stays high for a while, we know the lid has 
accidentally been left off and we need to put it back 
to protect the health of our worms! We can check 
moisture levels to see if the farm needs water to 
replace humidity lost when the lid was off. 

TEMPERATURE
Show students how to find daily maximum  
and daily minimum temperature. Did your  
worm farm stay in the ‘sweet spot’ of 15-25̊ C? 

Look for changes in temperature. If you have a 
second set of Kumo sensors somewhere else in 
the garden, you can compare the worm farm air 
temperature to the temperature in the open garden 
– the worm farm should be slower to track the 
peaks and troughs of day and night temperatures. 
(It is slower to change.) Ask students to tell you 
why this might be the case. (Worms give off heat; 
decomposing matter gives off heat; the worm 
bedding provides thermal mass that regulates the 
temperature and keeps it more consistent.) 

Compare the air temperature inside the worm farm 
to shade temperatures elsewhere on the same day.  
If you don’t have a weather station at your school 
and aren’t collecting this data, you can get it 
from the Bureau of Meteorology website using the 
instructions at right. 

http://www.bom.gov.au
http://www.iotkg.org
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SOIL MOISTURE
Worms appreciate soil moisture over 25%.  
What is our soil moisture level?

• If the soil is too wet, worms in the lower  
levels will drown (no air in the soil). 

• If the soil is too dry, worms’ mucus membranes 
will dry out and they cannot breathe, so they 
will die. 

Look for any fluctuations in soil moisture that we  
can see in the data. 

• If it got wetter, did it rain that day, or did we 
water the worm farm? 

• If it got drier, was the lid was off for a while,  
or was it a hot day? 

GRAPHING DATA
Show students how to graph one column of the data. 
Discuss what type of graph to use (e.g. line graph) 
and create a graph together for any of the data 
variables we are tracking: light, air temperature and 
soil moisture (exclude fertility from this for now). 

In Excel, you would do this by highlighting the data 
in the columns that you want to include, going to 
‘Insert’ then choosing a graph or chart type, such  
as a line graph.

Show students how to label the x and y axes.

Students work on their own graph for one or more  
of the data columns, or for an agreed selection of  
the data. 

LEVEL 1: LIVING THINGS | LESSON 5

INSIDE AND OUTSIDE DATA
Students create a graph comparing data taken inside 
the worm farm to the same type of data collected 
outside the worm farm. This might be from another 
set of sensors, a school weather station data or data 
from the Bureau of Meteorology.

When students compare air temperature inside and 
outside the worm farm, we should be asking:

• If the temperature of our worm farm went 
above 25̊ C, what was the air temperature 
outside the worm farm?

• Is there a pattern in the relationship between 
the outside air temperature when compared to  
the inside temperature (e.g. outside air 
temperature fluctuates more quickly than  
inside the worm farm)?

This could lead to explorations of thermal mass and 
conductivity.

http://www.iotkg.org
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LESSON 6

TAKING ACTION

We will:

• Examine the data from our sensors, collected 
over a longer period of 5-7 weeks

• Create a table showing trends in the worm farm 
in the data relating to light, temperature and 
soil moisture

• Look for patterns in this data

• Suggest actions or design solutions to address 
any deviations outside the comfortable light, 
temperature and soil moisture range for our 
worms

PURPOSE:
Using our data to make decisions for the health  
of the worm farm 

LOCATION: 
The classroom or an outdoor class space

DURATION: 
35-45 minutes

YOU WILL NEED: 

• A worm farm in operation

• A few ice cubes, a plate and an insulated oven 
glove

• Materials for an insulating blanket for the worm 
farm, such as large pieces of carpet, movers’ 
blankets or cardboard

• Project equipment as listed in the project on the 
following pages

GUIDING QUESTION

• How do we use data to help us 
keep our population of worms 
healthy? 

LEVEL 1: LIVING THINGS | LESSON 6

http://www.iotkg.org


© MONASH UNIVERSITY – IOTKG, RELEASED UNDER CC BY-NC-SA 4.0      WWW.IOTKG.ORG 24

QUESTION 3

Worm farm design

• Is the temperature fluctuating too 
quickly in our worm farm? (Are we 
taking action often?) 

• Could we improve the design of the 
worm farm to mitigate against this? 
(e.g. Build a bigger worm farm so there 
is more mass within which worms can 
find a stable temperature; Insulate the 
walls/roof of box style worm farms.)

• What other design considerations could 
we improve? (e.g. Taking worm liquid 
out of the farm easily.) 

LEVEL 1: LIVING THINGS | LESSON 6

DECISION TIME
As a class revisit the data you have gathered from 
your sensors for: 

• temperature

• light

• soil moisture.

Pull the data into a spreadsheet with columns for 
each type of data.

Explore and discuss events you can see in the data.

With the class, discuss the following questions and 
either select one to work on together or assign a 
different question to groups of students. 

Students create recommendations for their  
chosen/assigned question, using data and graphic 
display formats such as charts and graphs, as well 
as reasoning and facts about worm health. Hold a  
show or presentations of students’ worm farm 
expert advice. 

EXTENSION 
If light levels are consistently high, let’s say 
for longer than half an hour, can students use 
the sensor and data to make an alert that tells 
us that the lid of the worm farm is open and 
needs to be closed?

QUESTION 1

Location, temperature and time of day

• Where is the best place to put the 
worm farm? 

• What actions should we take in times 
of extreme heat and cold? 

• What trigger in the data will tell us it’s 
time to take action? 

• If we want to act before the worm  
farm gets too hot / too cold, how 
will we use our understanding of the 
patterns in the data to act early?  
(E.g. temperature is above 25̊ C before 
9AM = time to shade the worm farm.) 

QUESTION 2

Soil moisture management

• How often is it best to water our worm 
farm? 

• How much water should we give the 
farm? 

• What amount of rain will replace our 
manual watering? (mm/rainfall) 

• Is the drainage working properly? How 
do we know?

• What trigger in the data will tell us soil 
moisture needs our attention? 

http://www.iotkg.org
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STUDENT REFLECTION SHEET

WONDERING ABOUT WORMS

LEVEL 1: LIVING THINGS | LESSON 6 | STUDENT REFLECTION SHEET

What is one thing about worms that you learned in this unit that you did not know before? 

What is one thing about data that you learned in this unit that you did not know before? 

When you looked at the raw data (in numbers) from your sensors and needed to learn to read it, 
what did you need to look for? 

What other areas of the garden, school and home could you apply data to?

• Do you look after other living things (plants/animals)?

• What about water, such as ponds and aquariums?

How do you think people use the same kinds of data that you used (light, temperature, moisture) in 
places such as zoos to care for the animals, on large farms to design irrigation systems, in a bakery 
to know when gods are ready, or in other places?

http://www.iotkg.org
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