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LEVEL 3: CLIMATE

ABOUT THIS RESOURCE
During the course of Level 3, students become autonomous in their experiments. By now they have tried a few 
projects and they have been shown how to connect off-the-shelf sensors and other components to create 
simple systems.  

At Level 3 we show them some of the extended things they can do with sensors, actuators and off-the-shelf 
components, plus a little bit of simple coding.

Our analogy is that Level 3 is like the culmination of a ‘learn to surf’ course. We’ve practised getting on the board 
and reading the waves, we’ve been out there and developed some familiarity with the gear. Now we’re asking 
students to get out in the surf and see what they can do – we provide a few more advanced tips, but from now, 
it’s a case of ‘surf and see’ – and try again if it doesn’t work. Show students that it’s better to try something and 
fail than not to try at all.

Teachers facilitate and coach. In Level 3, provide 
support and reflection with students to enable them 
to follow the extended tips, and to see where and 
how they might be applied to other situations or 
problems in the school environment. Help them find 
additional tech guidance to supplement the examples 
that are embedded in this unit – or to elect feasible, 
affordable additional components for their own 
projects at the end. 

Most of all, provide the time and clear mental space 
for students to tinker and try to build increasingly 
complex networks that respond in a predetermined 
way to data and other inputs. They are absolutely 
encouraged to seek out other problems in the garden 
or school grounds and propose solutions (we have 
suggested a few ideas) – but by now they should be 
beginning to surf on their own.

NEW SKILLS FOR LEVEL 3 
The purpose of this level and unit is to show 
students some of the additional ways humans can 
set up combinations of components to respond to 
predetermined parameters in data. 

Climate is a perfect topic for data literacy and 
a perfect way to show students how patterns in 
data (weather data, for example) lead us to make 
broad predictions about the whole system (climate 
understanding). 

Climate and the prospect of a changing climate 
are a superb example of what IoT offers to us: we 
can now continuously collect precise data, cheaply 
and consistently, through the use of sensors such 
as those we are using in IoTKG. From farmers to 
ecologists, marine biologists and meteorologists, 

people the world over are able to collect, share and 
analyse large, sometimes very complex, patterns and 
relationships that leave traces or clues in data. 

At Level 3, students should be beginning to see the 
role IoT plays in our new understanding of global 
climate and the ways it is changing, as well as of 
microclimates and the opportunities they afford for 
gardeners, farmers, livestock keepers and people. 

We introduce a new Espruino device that makes it 
easy to connect new sensors and actuators, and after 
doing a couple of projects, we set students free to 
brainstorm projects of their own. 

http://www.iotkg.org


KEY QUESTION: 

How can we collect data about the 
weather to tell us about shifting 
climate? 

Questions that answer part of the key 
question: 

• What role does data play in 
determining climate? 

• How does an understanding of 
microclimates affect the decisions a 
gardener makes?

• How can IoT help us track 
microclimates in our surroundings?

• Are new climate patterns emerging? 
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LEVEL 3: CLIMATE

WHEN TO START LEVEL 3
Start any time, after students have completed or 
have learned the concepts in Level 2. This unit is not 
tied to a particular time of year.

YOU WILL NEED 
Apart from the technology used in the projects, you 
will need a mini greenhouse or growing box, and a 
wicking bed. Lots of information is provided in the 
lessons and making these at school from recycled 
materials is not only low cost, but also a valuable 
learning experience for students.

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

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)

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 
(ACTDIP017)

Implement digital solutions as simple visual programs 
involving branching, iteration (repetition), and user input 
(ACTDIP020)

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)

Implement and modify programs with user interfaces 
involving branching, iteration and functions in a general-
purpose programming language (ACTDIP030)

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)

http://www.iotkg.org
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LESSON 1: DEPENDING ON THE DATA

• Indoors or outdoors (not location specific) 

• several sessions

Learning to integrate a new measurement.

PROJECT: READ THE PUCK 
BATTERY POWER DATA & SET UP 
ALERT 

• Indoors or outdoors (not location specific) 

• 25-30 minutes 

Learning how to get battery power data and 
(optional) creating a battery alert. 

LESSON 2: THE DATA-RESPONSIVE 
GREENHOUSE

• Indoors or outdoors

• 35-45 minutes 

Learning that we can use different devices to make 
a system to monitor our data and respond to it. 
Learning simple coding for a new Espruino device 
(the pixl) and sensor that we can connect to an 
actuator such as a servo motor

PROJECT: CONNECTING NEW 
SENSORS

• Indoors 

• 35-45 minutes 

Learning how to set up the pixl and doing some 
simple coding.

LESSON 3: WATER LOGGED

• Indoors or outdoors (not location specific) 

• several sessions

Learning to design a new system in a different 
situation

STUDENT FACTSHEET: WHAT IS A 
WICKING BED? 

EXTENSION IDEA: GROWING GREEN

• Indoors or outdoors (not location specific) 

• several sessions

Exploring hydroponics, aquaponics and vertical 
growing systems with integrated IoT elements. 

UNIT OVERVIEW 

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

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

• IoTKG app running on a tablet or device 

• Google sheets or Excel 

• A Thingspeak account (optional) – www.thingspeak.com 

• Integromat – www.integromat.com

LEVEL 3 SOFTWARE & EQUIPMENT LIST
During the course of these Level 3 lessons, we show you how to set up and use these new items  
for applied uses in the school environment:

• A Pixl.js Espruino device 

• The firmware for the pixl device (from Resources on the IoTKG website) 

• A temperature sensor that is compatible with the pixl (or Arduino UNO) 

• A servo motor compatible with the pixl (or Arduino UNO) 

• (optional) A smart light such as the LIFX Bulb (also used in Living Things Level 2)

• Soil moisture and motion detecting sensors, and a small variety of actuators, depending on 
students’ design plan in Lesson 3

WHAT THE EQUIPMENT IS DOING
In Levels 1 and 2, the Miflora sensor connects (pairs with) an Espruino device, which until now has 
been the puck. The sensor sends data to the Espruino device, where it is stored, and the IoTKG app 
retrieves that data from the Espruino device and sends it to the cloud. 

In Lesson 1 of Level 3 we use the Miflora sensor and the puck, however in Lesson 2 and its associated 
project we introduce a new type of Espruino device, a Pixl. The second project shows students how 
to set this up. Having a new type of Espruino device allows us to show students that the principles of 
operating various Espruino devices are similar, but in this case we have more options  
for adding new sensors and customising the Espruino when we use the Pixl. 

The Pixl is very similar to another popular microcontroller device that you may have heard of, the 
Arduino. Both the Pixl and the Arduino are designed so that it is very easy to plug new sensors into 
them – the Pixl will be compatible with many add-ons made for the Arduino or for the Pixl, such as 
the pH sensor we use in Project 3.

In Level 3, we show students how to find and collect additional data available in the Miflora sensor 
(its battery level). 

http://www.iotkg.org
http://www.integromat.com
http://www.iotkg.org/resources
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LESSON 1

DEPENDING ON THE DATA

PURPOSE: 
Learning to integrate a new measurement value

LOCATION: 
Indoors or outdoors

DURATION: 
several sessions to design and build the greenhouse 

YOU WILL NEED: 

• An operating Miflora sensor and puck (Espruino 
device) 

• An Integromat account 

• Components to make a small growing shelter, 
such as a clear plastic box, a box with lid of 
greenhouse plastic, or a small-sized portable 
tabletop greenhouse

GUIDING QUESTIONS: 

• If the puck fails, how will this 
threaten our growing system? 

• What is the limitation in battery 
life of the puck?  

• How can we mitigate against  
this risk?

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

• Build a very simple plant shelter

• Set up a seed-raising scenario with a 
temperature sensor inside

• Learn that the puck collects and stores its own 
battery data

• Add the puck’s battery data to the IoTKG App or 
to our Google Sheets.

We can also: 

• Set up an alert to tell us when the puck’s 
battery is low. 

GETTING STARTED
Show students images of automated greenhouses 
and commercial growing operations such as the 
large-scale basil growing greenhouse illustrated 
at the top of this lesson. Three videos are provided 
below showcasing lettuce growing, but there are 
many more videos of this sort online. 

Explore the reasons for growing plants in controlled 
environments in which the air and soil temperature, 
light and moisture levels (humidity of the air, as well 
as of the growing medium) can be controlled. 

WATCH THESE THREE IOT 
GREENHOUSES IN ACTION

• Green Automation Group Ltd - Automated 
growing system for head lettuces and  
herbs (video, duration 4:33):  
https://youtu.be/-eGN3Itx8pM

• The Story of Little Leaf Farms (video, duration 
3:04): https://youtu.be/fq53QbIv4dg

• Viscon Hydroponics - Fully Automated 
Hydroponic System - Gipmans (video, duration 
5:12): https://youtu.be/V1PcgtWAEnU 

As a class, make a list of all of the growing needs 
of the plants that they saw evidence of in the videos. 
Remind them to look at the light, temperature, 
moisture and growing medium as well as at the 
obviously moving robotics. 

As one of the growers puts it, their job and the entire 
purpose of the system is to perfectly look after 
the needs of the plants so that they can enjoy the 
sunshine and ‘just grow’. 

After watching the videos and perhaps doing some 
research of their own, bring students back to the 
topic of creating the perfect microclimate that suits 
your chosen crop. That is the aim of a greenhouse – 
creating the perfect surroundings for the plant,  
i.e. a microclimate. 

http://www.iotkg.org
https://youtu.be/-eGN3Itx8pM
https://youtu.be/fq53QbIv4dg
https://youtu.be/V1PcgtWAEnU
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PROS AND CONS
Make a class list of the pros and cons of this industrial food approach. Encourage ‘what if…’ questions to help 
students see both sides of this question. Here are just a few examples to get you started but there are many more. 

Take a photo of the list or keep a copy for later.

The class can build their greenhouses at any point 
now. We suggest planting them out with any of the 
following seeds: 

• Warm weather – roughly Terms 1&4:  
basil, coriander, thai basil, lettuce,  
watercress, kang kong greens

• Cool weather – roughly Terms 2&3: spinach, 
Asian greens, lettuce, rocket, radish, mustard 
greens, kale

GREENHOUSE PROJECTS IN ACTION
Explore scaling down the idea of a controlled 
environment (microclimate) to the size of 
a box that will grow 10 or 12 small, fast-
growing plants such as lettuce or rocket. 

You may like to look at this resource to get students 
thinking at a school project scale - something that 
they can do almost entirely themselves: 

• Permaculture Magazine - Build a self-opening 
cold frame: https://www.permaculture.co.uk/
readers-solutions/build-self-opening-cold-frame

Discuss ideas for a plan with the class that students 
can build themselves with minimal assistance. 
Options include Styrofoam boxes with clear plastic 
lids, plastic storage boxes, traditional cold frames 
like the image on the previous page, or cheap table-
top greenhouses. The class may wish to trial several 
designs at the same time. 

Take the class through a design process to choose an 
idea with a likely chance of success, create a plan, 
list of materials and steps to build this greenhouse. 

LARGE-SCALE AUTOMATED GREENHOUSE PRODUCTION

+  PROS 

• Consistent growing conditions 

• Produce can be assured year-round

• Weather events such as hail or heavy rain 
are less likely to damage crops

• Living things such as birds can be excluded

• Moisture levels (humidity as well as in the 
growing medium) can be controlled

• Watering and some other tasks can be 
automated 

–  CONS

• What if the equipment breaks? You could lose 
the whole crop at once. 

• If pests get in to the greenhouse they would  
be really hard to get out. 

• People may not trust that your food is organic 
and therefore won’t pay a premium price for it

• Someone could create a bigger growing 
operation and put you out of business 

• Fungal diseases like mildew grow well 
in warm, moist environments such as 
greenhouses 

TEACHER RESOURCES

Search for ‘cold frame’ or ‘mini greenhouse’ 
to get lots of plans and inspiration. Here are 
just two possibilities:

• Gardening Australia - How to build a 
cold frame (video, duration 3:03):  
https://youtu.be/vzHfg0h4RB0

• Gardening Australia - A simple cold 
frame (video, duration 3:18):  
https://youtu.be/LnI8ZksbLWM

• More information about the cold frame  
above. The Good Life Permaculture:  
https://goodlifepermaculture.com.au/
do-cold-frames-actually-work/

http://www.iotkg.org
https://www.permaculture.co.uk/readers-solutions/build-self-opening-cold-frame
https://www.permaculture.co.uk/readers-solutions/build-self-opening-cold-frame
https://youtu.be/vzHfg0h4RB0
https://youtu.be/LnI8ZksbLWM
https://goodlifepermaculture.com.au/do-cold-frames-actually-work/
https://goodlifepermaculture.com.au/do-cold-frames-actually-work/
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DESIGNING FOR RISKS
Remind students that they can look after the  
needs of their plants by monitoring this data with  
the equipment they have (so far – later, we’ll look  
at adding new sensors!) 

Light

Temperature

Moisture

Explore where and how you would insert the IoTKG 
equipment into your system. 

• Where is the optimum place for the sensors? 

• Where will the puck go? 

• What alerts do we need? 

• How will we set them up?

Discuss risks to your system (your list of ‘Cons’ above 
is a great place to start.) 

Ask the class:

• What if the equipment stops working and 
we do not get an alert that our plants are in 
trouble?

• How could we prevent this from happening? 

Someone is likely to tell you to 
check the battery. Ask them how to 
do that, and let them (briefly) look 
at the puck, the sensors and the app 
to see if they can find it. 

Explain that battery power level IS monitored but 
that the puck hasn’t been instructed as to what to  
do with this data. 

ACCESSING BATTERY DATA
Point out that battery data will be expressed in volts. 

Ask students to compare the sensor and puck to a 
tablet or smart phone (in their minds is okay.) Ask: 
without a screen, how do we see the data from the 
puck? It’s not coming into the IoTKG app but we 
know it is being collected by the puck (we checked). 

We will learn to modify the process we learned in 
Levels 1 and 2 so that we can collect and view data 
(and/or export it to a location such as the IoTKG app 
or the Google sheet we used in Level 2). 

All we need to do is learn where and how to get the 
puck to send us battery life data.

Students then adapt their greenhouse system and the 
ways they use it (the protocols) to include changing 
the battery in the puck at the best moment in time. 
This may NOT be simply when the battery is dead, 
it might be that they work out that a battery lasts, 
on average, about 4 months, and that if lettuces 
take 1 month to grow, then the ‘user manual’ for 
the greenhouse might dictate that the battery is 
changed every 4 crops. (What are the problems with 
this? – E.g. we change to a different crop with a 
different growing time but forget to change the rule. 
Frequency of changes per school term would be 
more sensible.)

Students document their decisions and the alerts 
they would like to create to help them with this 
scenario.

Do the project on the following page (if you 
haven’t already done it in Living Things,  
Level 3 – In which case students can get on 
with creating their mini-greenhouse systems). 

LOOKING FOR OTHER USEFUL DATA

If we connect the puck to a GPS sensor, it can 
collect data on its position (geolocation data). 
Explore with students what the advantage 
would be in the videos they watched at the 
beginning of this process, if each component 
was fitted with a GPS sensor. Is there an 
advantage in an automated system to know  
at all times precisely where each component 
is – in relation to other components as well? 

http://www.iotkg.org
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PROJECT: READ BATTERY  
DATA & SET UP ALERT 

The puck (Espruino device) can collect data about its battery power level, but until we tell the puck 
where to send this data and what to label it, the data remains invisible to us. An ideal place to put the 
data is into the IoTKG App with the other data we are collecting from the sensor. 

We are going to do three steps: 

1. Use IDE on Espruino.com (espruino.com/ide) to ‘unhook’ the puck from the sensor and have the 
puck store and send battery data instead. 

2. Use IDE to program the puck to put this data on the IoTKG App, and tell it what to label this data. 
We can also set the frequency at which this data is stored and communicated (we have chosen 
once per hour). 

3. Reconnect the puck to the Miflora sensor (using the MAC address of your Miflora sensor) to 
resume collecting data on moisture, temperature, light and soil fertility. 

TIP
Make sure you export your Miflora sensor  
data to Thingspeak or to other services before 
you begin, as when you change the connection 
between the puck and the Miflora sensors the 
older data will be lost! 

TO GET STARTED

• Visit IDE on Espruino.com (espruino.com/IDE) 

• Visit the IoTKG website to get this video 
www.iotkg.org

 › Reading the puck battery power data

SET UP AN ALERT (OPTIONAL)
An optional fourth step, is to set up an 
alert to tell you when the battery is low 
on power. At Level 3 we don’t provide all 
the step-by-step instructions, so here are 
some tips – if you have completed Level 2, 
you should have done most of these steps 
before. Get tinkering! 

• Follow the video to ‘find’ the battery power 
data on the puck and do the simple coding 
needed to allocate a name to the battery 
data and an interval for collection. 

• Reconnect the puck to the Miflora sensor 
to resume collecting data on moisture, 
temperature, light and soil fertility alongside 
the new puck battery power data stream 
you have just added.

TIPS 

• Visit your account on Integromat.

• Export your battery data to Integromat (via 
the Webhooks module).

• Connect the battery power data to an email 
module. You can put the battery data in the 
contents of the email. 

• Set up a filter on the connection between the 
two modules so that it only sends the email  
if the battery is below a predetermined level. 

• Schedule it to run immediately when it 
receives data. (You will have set the interval in 
the project above to 3600 seconds, or 1 hour.)

http://www.iotkg.org
http://www.espruino.com/ide/
http://www.espruino.com/ide/
http://www.iotkg.org


© MONASH UNIVERSITY – IOTKG, RELEASED UNDER CC BY-NC-SA 4.0      WWW.IOTKG.ORG 11

LESSON 3

THE DATA-RESPONSIVE 
GREENHOUSE

PURPOSE: 
Learning that we can use different devices to make  
a system to monitor our data and respond to it 

Learning simple coding for a new Espruino device 
(the pixl) and sensor that we can connect to an 
actuator such as a servo motor

LOCATION: 
Indoors or outdoors

DURATION: 
35-45 minutes

YOU WILL NEED: 

• The mini greenhouse you made in Lesson 1 

• A mobile device with Bluetooth 

• A pixl Espruino device 

• The pixl Firmware from the IoTKG website - 
https://iotkg.org/iotkg-resources

• A temperature sensor that is compatible with  
the pixl (or Arduino UNO)

• A servo motor compatible with the pixl  
(or Arduino UNO)

• (optional) A smart light such as the LIFX Bulb 
(also used in Living Things Level 2).

GUIDING QUESTIONS: 

• How can we get our mini 
greenhouse to tell us if it’s too 
warm inside?

• With the new espruino device, 
can we add an actuator to our 
system to open a vent that will 
cool the greenhouse? 

LEVEL 3: CLIMATE | LESSON 2

http://www.iotkg.org
https://iotkg.org/iotkg-resources/
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We will: 

• Learn how to put the IoTKG firmware onto a 
new type of Espruino device 

• Work out how to attach a temperature sensor 
to the new Espruino device 

• Use the new sensor to monitor the temperature 
of the air inside the mini greenhouse

• Connect an actuator and use data to take 
action, such as opening a flap or vent in the 
mini greenhouse if it gets too hot inside.

TIP
Students who have completed Living Things Level 3  
will have already set up a pixl Espruino device so 
they can focus on the temperature sensor and smart 
bulb in this project. Let them drive their own learning 
through tinkering.

SETTING UP THE NEW ESPRUINO 
DEVICE 
Turn to Project: Set Up Pixl and follow the steps in 
the project to set up the pixl and learn how to flash 
the IoTKG Firmware onto the pixl, as well as how to 
connect it to a new type of temperature sensor and 
code it to begin collecting data. 

(Note: the example in the video is for a soil moisture 
sensor, so it is a challenge for students to adapt their 
understanding to set up a temperature sensor.)

GETTING STARTED 
Show students the new Espruino device – the pixl 
– and your chosen temperature sensor and servo 
motor actuator for this project. 

Review any thoughts student have about the 
interchangeability of Espruino devices and sensors. 
Explain that the pixl allows us to physically connect 
new sensors and actuators, and that it has the same 
size and layout (footprint) as an Arduino UNO – 
which some student may have used. This means 
we can use the pixl with some of the many add-
ons made for the Arduino (as well as those made 
expressly for use with the pixl). 

Remind students of the automated greenhouse 
videos they saw and of the needs of plants that 
greenhouses are designed to provide for. This 
includes maintaining suitable temperatures, light 
levels and levels of soil moisture and/or relative 
humidity. 

http://www.iotkg.org
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A DESIGN AND BUILD CHALLENGE! 
As this is Level 3, make the most of the 
opportunity for students to tinker with the 
new Espruino device and sensors or actuators 
that can be attached to it. 

Check out the mini greenhouse you have made 
(or purchased), and the location of the sensor and 
Espruino device. 

Set up the mini greenhouse in the garden on a sunny 
day and take some temperature readings inside it at 
different places. 

• Is it (as you would expect) warmer at the top 
than at the bottom of the shelter?

• Why?  

Choose a variety of plants that you would like to 
grow in the mini greenhouse – ideally something that 
will benefit from the extra warmth it will provide 
(e.g. chilli plants, basil, Thai basil, eggplant, small 
tomato plants etc.)

Place a few seedlings inside. 

• Where should you put the sensor to most 
accurately measure the temperature 
experienced by plants inside the mini 
greenhouse? 

(Remind students, if no-one mentions it, that the 
location and angle of the sun changes throughout 
the day, and that this can affect the temperature 
significantly.) 

Adapt or build a holder for your sensor and 
Espruino device at this point. 

Now look at the ‘roof’ or ‘lid’ of the mini greenhouse. 
Some mini greenhouse designs come to a pointed 
peak in the roof, others have a sloping lid hinged at 
the top (back) side. 

• What material is the roof made of? 

Design and decide on the best location for a 
vent to allow hot air to exit the greenhouse. 

Why should this be at the highest possible position 
inside the structure? 

• Should the vent cover slide, rotate, or lift? 

• How will it be attached to the roof / lid of the 
mini greenhouse? 

• Should the vent cover be flexible or stiff? 

• What risk is there that it will fall off or be 
blown off by wind? (How robust does it need  
to be?)

• Can you use existing components or parts to 
make it? (Such as Lego or a plastic rotating vent 
cover.)

Explore these questions and come up with a plan 
and/or a prototype for your automatic vent-opening 
mini greenhouse. 

A servo actuator moves something to a specific 
position in response to a command. You can instruct 
a servo actuator to move to a specific position in 
response to predetermined data.

http://www.iotkg.org


© MONASH UNIVERSITY – IOTKG, RELEASED UNDER CC BY-NC-SA 4.0      WWW.IOTKG.ORG 14

TIME TO THINK AND TINKER 
We’ve talked about the benefit of ‘thinkering’ – which 
is to take all that you have tried so far and look for 
ways to combine it into new systems, new projects, 
or against new problems. 

Ask students to consider: 

What else can we build to help us 
solve any heat- or moisture-related 

problem in the garden? 

What other moving parts would  
be useful in a greenhouse? 

What about an alert using a smart 
lightbulb? How would we use this  

in a greenhouse system?

Keep these notes, as they might provide a 
springboard to student-led projects at the end of the 
next lesson. 

You could also do the Extension on page 21 to help 
students imagine other applications of the hardware. 

LEVEL 3: CLIMATE | LESSON 2
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The pixl is another type of Espruino device,  
just like the puck we have been using. In a 
similar way to the puck, the pixl collects 
and stores data from sensors, which the app 
retrieves and sends to the cloud. 

It is in the form of a board, which means we  
can quite easily connect add-ons to the pixl, 
and because it is the same size and shape  
(or footprint) as the popular Arduino UNO,  
there are many add-ons that can be used with 
the pixl or the Arduino. 

We are going to do three steps: 

1. Connect to the DfuTarg device on the 
NRFConnect or NRFToolbox app

2. Set up the hardware, by plugging sensors 
into the pixl

3. Write a simple code to the pixl to instruct it 
to get data from the sensor

TIP 
Watch the video all the way through once first, 
then have it on a separate device (other than the 
one you are using to control the pixl) so that 
you can start and stop it as you go. 

You are using your own chosen temperature 
sensor, not the DFRobot capacitive soil 
moisture sensor we use in the video. This is 
fine! It’s a great opportunity for students to 
challenge themselves. You may want to check 
for additional online information about setting 
up your sensor – this is a useful experience for 
students to have. 

TO GET STARTED

• Download the pixl firmware from the 
‘Resources’ area of the IoTKG website. 

• Visit the IoTKG website to get this video – 
www.iotkg.org

Connecting External Sensors to your pixl

• If you need more help flashing the 
firmware on the new Espruino device, refer 
to the more detailed instructions in the 
puck set-up video called:

 › Flashing IoTKG Firmware on your 
Espruino Device

• Follow the steps in the video, and if 
needed, the puck set-up video for extra 
advice on flashing the Firmware. 

• Connect your chosen temperature sensor, 
and begin collecting data. 

• Use Integromat to connect actuators to 
your new Espruino device, such as a servo 
motor or similar smart watering device 
compatible with pixl or Arduino UNO. 

Students may also decide to add a smart light 
bulb to their system (such as the LIFX Bulb used 
in Living Things Level 2, using Integromat.

PROJECT: CONNECTING  
NEW SENSORS

http://www.iotkg.org
http://www.iotkg.org
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LESSON 3

WATER LOGGED 

LEVEL 3: CLIMATE | LESSON 3

PURPOSE: 
Learning to design a new system in a different 
situation

LOCATION: 
Indoors or outdoors

DURATION: 
several sessions to design and build the wicking bed 
with integrated data-monitoring system

YOU WILL NEED: 

• A pixl Espruino device

• An Integromat account 

• Sensors, including possibly soil moisture and 
motion detecting sensors, depending on students’ 
design plan in this lesson

• A wicking bed or raised bed with a water 
reservoir at the bottom – or the materials and 
resources to build one yourself (see Teacher 
Resources on page 18 for ideas)

GUIDING QUESTION: 

• Can we use what we have 
learned to design a data 
monitoring system for a 
completely new situation?

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

• Explore wicking beds, or growing beds with 
water reservoirs in them

• Undertake a design process to work out what 
should be monitored and how 

• Build the proposed system

We can also: 

• Combine this new system with actuators we 
have used previously such as smart lights

• Include new actuators such as pumps

FROM THE BOTTOM UP
As a class, review the ‘What is a wicking bed?’ fact 
sheet on page 19. 

Put simply, a wicking bed (or self-watering 
container) is a planter with a water reservoir inside. 
It uses the power of capillary action to keep the 
lower regions of the soil permanently moist. They are 
ideally suited to growing vegetables in hot climates. 

You might want to start with a simple demonstration 
of capillary action, if students are not familiar with 
the principle. 

The simplest experiment is to place a cut stalk  
of celery in a jar of water with food colouring in  
it – over the course of the day the dye will work  
its way up the stalk of the celery. Splitting the stem 
so that you can have it in TWO containers at once 
each with different colours of dye, yields a double-
colour result. Lots to discuss! 

http://www.iotkg.org
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TEACHER RESOURCES

• ABC Everyday – How to make a self-
watering planting box (Styrofoam 
box): www.abc.net.au/everyday/how-
to-make-a-self-watering-planter-
box/11966566

• Gardening Australia – How to make 
a wicking bed from an IBC container 
(video, duration 5:23):  
youtu.be/obNWr8MD0uU 

• Little Veggie Patch – How to build 
a wicking bed (apple crate): 
littleveggiepatchco.com.au/blogs/news/
building-a-wicking-bed

• Deep Green Permaculture – How to 
build a self-watering wicking bed 
(corrugated iron):  
https://deepgreenpermaculture.
com/diy-instructions/wicking-bed-
construction

• Verge Permaculture – A DIY guide to 
wicking beds (in-depth discussion  
of design pros and cons):  
https://vergepermaculture.
ca/2011/05/30/guide-to-wicking-beds 

WHAT DO WICKING BEDS HAVE TO DO WITH CLIMATE? 

If a greenhouse is a microclimate, then so is a wicking bed. A wicking bed is a way of creating a place 
that has perfect conditions for the living soil rather than in the air.  

Wicking beds and related growing 
technology, such as vertical and 
indoor gardens, are strategies for 
growing food in a changing climate. 
In Australia, with extreme heat likely 
to affect growers across the most 
populated regions, strategies like 
wicking beds offer potential for 
indoor, even underground farms.  

See Extension Idea on page 21 for  
a prompt to start students on their 
own future food growing system,  
that may include growing food 
indoors or under artificial lights. 

WICKING BEDS FOR THE SCHOOL
Explore the resources the school has available 
to build or establish wicking beds on-site. 

Options range from pre-made wicking beds, to 
wicking beds made in old bathtubs, corrugated iron 
raised beds, even small Styrofoam ‘broccoli boxes’ 
for individual experimental wicking beds – perfect 
for this project as they are cheap and easily modified 
without power tools. 

Several resources at right will help you make your 
own or review the theory and practice of wicking 
bed construction. 

LEVEL 3: CLIMATE | LESSON 3
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STUDENT FACTSHEET

WHAT IS A WICKING BED?

A wicking bed is a container for growing plants in it. It has a water reservoir at the bottom, and soil, 
with plants growing in the soil, on top. 

TIPS 
Vegetable plants can only really pull water 
through the soil for about 25 cm. Keep the 
soil ‘band’ in the body of the container quite 
shallow, at a maximum of 35 cm deep, so that 
the plant roots extend into the moisture zone. 

Use wicking beds to grow vegetables that need 
regular moisture, such as capsicums, tomatoes, 
chilli, eggplant and basil in summer; spinach, 
silverbeet, carrots and strawberries in the 
cooler months. 

The key feature of a wicking bed is that it holds 
water in the bottom, so it needs to be made of 
a container that is waterproof. This can be an 
old bathtub, a plastic or Styrofoam box, or even 
an ordinary raised garden bed lined with heavy 
plastic pond liner. 

HOW THEY WORK 
The ‘wicking’ action in a wicking bed is the 
capacity for plants to pull water up through 
soil. Plants pump water out of the soil, through 
their roots and up their stems where the water 
is transpired as water vapour. This causes water 
below the root zone to be ‘pulled’ (very gently) 
up towards the plant. 

When we build a wicking bed properly it 
reduces how often we need to water the plants. 
This makes them extra good for growing food in 
hot climates like Australia in summer.
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DESIGNING A SYSTEM
Once students are familiar with the functions and 
structure of a wicking bed (for example, having 
made or helped with the installation of one of their 
own, large or small), it’s time to direct them to apply 
their IoTKG expertise to figure out a system that will 
help them to monitor the wicking bed. 

Ask the class:

How can we use sensors to help us 
monitor the wicking bed and make 
sure that the reservoir (which we  
can’t really see) hasn’t dried out? 

The first and most obvious thing to do would be  
to pop a soil moisture sensor into the surface of  
the soil. But even though this is what students have 
done in regular garden beds, it’s not effective in a 
wicking bed. 

Why not? Because a wicking bed keeps the water 
under the plant roots, deep under the surface of the 
soil. A sensor with a short stem doesn’t tell us what’s 
actually going on in the wicking bed. Someone might 
suggest a sensor with an extra-long stem and that 
would be worth exploring… 

Look at lists of other sensors and actuators that are 
available (either online, or see pages 25-6 for ideas). 

What about investigating the following? 

Can we put a moisture sensor in the water 
intake tube that alerts us when it is DRY  
(i.e. the water has gone below the stem  
of the sensor)? 

What’s the problem with this idea? (It can  
only measure a very small drop in water level, 
so it’s not very useful.) 

Can we put a motion sensor that looks at the 
overflow pipe to see if any water is coming 
out? That means the reservoir is overflowing. 

That’s a good idea. Could you find a way to 
add a sensor and actuator? Such as a smart 
light bulb in the classroom that lights up if the 
pipe is overflowing, making this a system that 
senses at a distance.  

One engineer suggested placing a bucket 
under the outflow, on a sensor that measures 
the mass of the bucket. A LinkTap could be 
set up to water the wicking bed automatically 
BUT to shut off the moment mass in the 
bucket as detected by the mass sensor 
indicates that the water is overflowing. 

LEVEL 3: CLIMATE | LESSON 3

Explain to students that the wicking bed is most 
likely to fail if it drowns plants and the living soil 
(all the worms will die and the plant roots will be 
submerged, which soon kills the plants). 

So perhaps the question is: 

How can we use sensors and 
actuators to help us monitor the 
wicking bed and ensure that the 

reservoir (which we can’t really see) 
hasn’t either dried out OR flooded? 

plants

soil

shade cloth  
or geotextile

water 
inlet

overflow

pond liner drainage holes

gravel or similar

Work through these and similar ideas with students, 
helping them to settle on a design idea. 

Take the idea through a design process, perhaps 
making a prototype in a Styrofoam container 
wicking bed before installing it in a permanent bed. 

http://www.iotkg.org
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EXTENSION IDEAS

GROWING GREEN 

Once students are all awash (pun intended) with 
the potential of wicking beds, why not set them 
loose researching hydroponics and aquaponics? 

These systems are slightly different to each other: 

• hydroponics refers to plants growing in a 
liquid medium rather than soil

• aquaponics incorporates fish in the system 
to provide nutrients in the water that feed 
the plants. 

Several small-scale systems for simple 
hydroponic growing have been devised that can 
be built in schools by students on a modest 
budget. 

WHAT TO GROW? 

These simple systems work best for leafy greens 
and microgreens, such as: 

• tatsoi, gailan, pak choy, lettuce, rocket, 
wombok, mustard leaf, baby beetroot, basil, 
purple kale, red kale, cabbage, collards, 
spinach.

IOTKG GROWING

What will you monitor in your new growing 
system? Air temperature, light, soil moisture – 
something else? 

How can you use the data to ensure your system 
works as well as it possibly can? 

RESOURCES 

• Gardening Australia – Simple Hydroponics 
(video, duration 4:07): https://www.abc.
net.au/gardening/factsheets/simple-
hydroponics/9432820

• Gardening Australia – Build your own 
aquaponics green wall (video, duration 
8:39): https://youtu.be/HTq364RwH44

• Mike VanDuzee – Grow 240 plants in only  
4 sq ft (video, duration 12:10):  
https://youtu.be/_Qg5UzOQEKc

• Mike VanDuzee – Easy and Cheap 
hydroponics (video, duration: 7:23):  
https://youtu.be/JXKfIASdSqM

• Petani Kota – How to make a vertical 
hydroponic system (video, duration 9:39): 
https://youtu.be/tmpPLiECCFU 

http://www.iotkg.org
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LESSON 4

SETTING UP STUDENT PROJECTS

PURPOSE:
Brainstorming ideas for independent student projects 
that use the knowledge and skills gained In IoTKG. 

LOCATION: 
The garden and the classroom

DURATION: 
30 minutes for the brainstorm; time over multiple 
sessions to enact the projects

GUIDING QUESTION: 

• What other problems can we 
solve in the garden or school 
grounds, using the technology 
we have learned to use in IoTKG? 

YOU WILL NEED: 

• equipment to be determined by the project and 
by availability and budget - some ideas are listed 
on pages 25-26, and check the IoTKG website 
under Resources for links to more suggestions

We will: 

• Explore other sensors and actuators that can  
be linked to the pixl

• Discuss problems in the garden

• Begin to explore how data can help us define 
and respond to the problem, test the impact  
of our actions and refine our inputs.

http://www.iotkg.org
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NOTES FOR THE TEACHER
This is the final lesson in IoTKG and as such, is more 
of a set of open thinking prompts than a linear 
lesson sequence. 

If your school is already using a specific project 
methodology or approach such as Design Thinking, 
these prompts could be adapted to fit within the 
cycle or sequence of that method. 

These pages are meant as open invitations to 
innovation – or tinkering – and projects. 

Level 3 seeks to confirm students’ understanding 
that:

• IoT devices collect data, and can be used  
to collect consistent, specific data over time  
(e.g. soil moisture level expressed as a 
percentage, over months).

• We can assess this data to look for patterns.

• When we combine what we observe (these 
patterns) with what we know about a natural 
system, we can begin to make decisions based 
on knowledge plus observation. For example, 
we know that certain plants germinate best 
when soil is over 20°C, and so we can monitor 
for these conditions in open or closed garden 
beds.  

• We can further instruct the IoT components 
to respond to certain triggers, such as to send 
an alert, open a valve, move a lever or play a 
sound.

GETTING STARTED
Show students one or both of these videos, before 
discussing the problems they would like to solve. 

Scientist Hans Forsberg wanted to clean up 
rubbish in his garden, so he built a device 
that released a food pellet every time a bird 
dropped in a bottlecap (video: duration 1:19): 
https://youtu.be/LJG3282QU4g

Robotics engineer Tianqi Sun wanted to help 
plants to look after themselves, so he created 
a plant-carrying robot that moves in and out 
of sunlight according to the needs of the  
plant on top of it (video, duration 1:05):  
https://youtu.be/pR5zCtWOoE8

http://www.iotkg.org
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PROMPT 2 – PROBLEMS AND OPPORTUNITIES  
IN THE GARDEN AND SCHOOL GROUNDS

PROMPT 1 – LOOKING FOR DATA  
IN ALL THE RIGHT PLACES

Discuss the types of data that students have experienced as a part of their IoTKG journey. 

moisture

temperature

light

pH

battery level.

What other kinds of data might there be in a garden or school ground, and what could we do with it? 

Discuss the areas of activity in your school yard and school garden, and all of the potential or theoretical 
problems someone might want to work on, or systems they might want working really well. The worm farm  
is an example of a system. 

SYSTEMS: 

• compost

• hot houses / cold frames

• seed-raising beds

• chicken coops

• frog bogs and fishponds

• watering systems

• rainwater collection systems

• weather monitoring systems

• recycling systems

• What else can your students add?

POTENTIAL OPPORTUNITIES AND 
THEORETICAL PROBLEMS:

• Pests – caterpillars, white fly, snails, rodents 

• Erosion – wind, water, foot traffic

• Heat / dryness – microclimates, pizza ovens, 
chicken coops

• Precipitation / rain / water

• Cold / frost / wind

• Crime and theft

• Noise

• Encouraging wildlife – birds, lizards, native 
species, moths and pollinators 

• Looking after animals – bees, chickens, worms, 
frogs, other

• What else can your students add?

LEVEL 3: CLIMATE | LESSON 4
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Which sensors do students think the 
magpie-feeding device or the moving plant 
robot use?

PROMPT 3 – LOOKING FOR NEW  
TYPES OF SENSORS

There are plenty of other sensors that could be 
coupled to the pixl. Sensors can monitor lots of 
different things.

You could start by searching on  
https://www.espruino.com and on  
https://www.dfrobot.com/gravity.html

Most sensors and actuators which are available for 
the Arduino can be used for the pixl as well. So,  
to find new sensors, we recommend searching for 
‘___ sensor Arduino’ to see what is available. 

TIP
Code written for the Arduino won’t work for 
the pixl but hopefully it should be simple 
enough to write your own code. 

Students who are ready to learn more 
about coding these sorts of sensors and 
devices should be encouraged to have a 
look at Gordon Williams’ book, Making 
Things Smart, published by O-Reilly and 
available in print and ebook formats. It is a 
useful resource for a keen beginner.

Making Things Smart (Publisher page): 
www.oreilly.com/library/view/making-
things-smart/9781680451887/

Buttons: Buttons trigger an action or actuator 
when the button is pressed. Buttons are 
included on the pixl already. Ideas: press a 
button to turn the LEDs on.

Heart rate sensors: Measuring the rate of the 
wearer’s heart. Ideas: create a ‘smart wrist 
band’ or athletes or a wrist band that tells you 
if you are walking quickly enough for aerobic 
benefit. 

Air quality sensors: These sensors measure 
specific gages, such as carbon dioxide or 
oxygen. Ideas: use them to check the air 
quality inside greenhouses and cool boxes, 
or in the chicken coop. Find out if carbon 
dioxide rates in the air speed up or slow down 
decomposition and propose a certain level  
of CO2 in packaging for fresh produce.  

Sound sensors: Sound sensors detect noise, 
as you would expect. Ideas: see how noisy it 
gets in the garden at night record the ambient 
noise level in the garden and on the street to 
compare them and see how much plants are 
contributing to making the environment more 
liveable. Should cities adopt green verges?

GPS location sensors: These sensors collect 
data about their location. Ideas: put them on 
floats in the watering tube of a wicking bed 
to let you know when the float is at its lowest 
point and the wicking bed reservoir needs to 
be filled with water.Here are a few ideas of sensors to add to the pixl: 

Motion: Motion sensors detect motion. Ideas: 
use them to see how often and at what times 
of day gateways are used - by humans or 
by animals, such as chickens with access to 
a run. Do they need afternoon shade plants 
to cool the run if they avoid it in the hot 
afternoon?

UV light sensors:  UV light sensors measure 
the UV rays. Ideas: use them to determine the 
precise difference between plants growing 
in full sun (e.g. sunflowers), and those that 
prefer a little bit of shade (e.g. spinach).
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http://www.iotkg.org
https://www.espruino.com
https://www.dfrobot.com/gravity.html
http://www.oreilly.com/library/view/making-things-smart/9781680451887/
http://www.oreilly.com/library/view/making-things-smart/9781680451887/


© MONASH UNIVERSITY – IOTKG, RELEASED UNDER CC BY-NC-SA 4.0      WWW.IOTKG.ORG 26

TIME TO GET OUT THERE!

Document students’ ideas and plans, 
moving from wild ideas in open 
brainstorming to possible projects. Do 
some research together, then choose a 
few to trial. 

Remember that it’s okay for students to 
tinker, change and reiterate the project. 
Coach students not to let fear of failure 
stop them from trying! 

PROMPT 4 – LOOKING FOR NEW  
ACTUATORS

Actuators are the ‘doing things’ components that can 
be linked to Espruino devices and controlled via the 
cloud or by predetermined data triggers. 

ACTUATORS:
LCD screens: This is included as part of the pixl.  
You can display whatever text or output you want 
on the LCD screen. Idea: try the flappy bird game: 
https://www.espruino.com/Pico+Flappy+Bird+Game

LEDs: Light Emitting Displays. Idea: control individual 
LEDs to make different patterns, or connect them 
together in longer strings. Ideas: make indoor 
displays that tell you the depth of water in the 
wicking bed reservoir. 

Servo motors and servo actuators: Motors that 
turn at a specified angle or hold a predetermined 
position. Ideas: opening or closing a vent in a 
greenhouse or growing box.

Water pumps: Force water through a valve. Ideas: 
automate watering or hydroponic watering systems, 
or greenhouse misting.

Speakers/buzzers: Make sounds or play music. 
Ideas: use as part of an alarm system or a 
notification or alert for any other system we are 
monitoring. Play music to the hydroponic pipes in 
response to an input you determine, to see if that 
makes the plants grow faster!

Wifi: Allows the pixl access to a wifi network for 
an internet connection. More easily done by using 
an Arduino Espruino Wifi board rather than the pixl. 
Idea: control your actuators wirelessly or have easier 
access to live sensor data. http://www.espruino.com/
arduino-esp8266

See this link for other ideas: https://create.arduino.
cc/projecthub/projects/tags/wifi

Motor controller: For providing enough power to 
motors, allowing better control. Idea: make a remote 
control car or a plant pot on wheels that moves. 
http://www.espruino.com/arduino-motorshield

GMS: For using a mobile SIM card with your pixl. 
Gives access to internet data or SMS texts. Idea: send 
SMS text alerts from any system you are monitoring. 
http://www.espruino.com/arduino-sim900

Grove shield: Allows plug and play connection of  
a variety of different sensors. See some examples 
here: http://www.espruino.com/Grove

MODULES
Some of these sensors and actuators already have 
code written for them which you can use as a 
module. For more ideas, see:  
https://www.espruino.com/Modules

LEVEL 3: CLIMATE | LESSON 4

http://www.iotkg.org
https://www.espruino.com/Pico+Flappy+Bird+Game
http://www.espruino.com/arduino-esp8266
http://www.espruino.com/arduino-esp8266
https://create.arduino.cc/projecthub/projects/tags/wifi
https://create.arduino.cc/projecthub/projects/tags/wifi
http://www.espruino.com/arduino-motorshield
http://www.espruino.com/arduino-sim900
http://www.espruino.com/Grove
https://www.espruino.com/Modules
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After doing the projects in Level 3 (and perhaps your own extension projects!), what have you tried 
that was new? 

What interested you most about the technology, systems, or projects you worked on? (1-2 sentences.) 

Get together with two other students and come up with at least three real-world problems that 
sensors and actuators could help with. Try to think of problems or solutions you have NOT seen before. 

If you wanted to help people using IoT, what is one idea (it can be as wacky as you like) at a FAMILY 
or HOUSEHOLD level you could do? 

If you wanted to help people using IoT, what is one idea (it can be as wacky as you like) at a SCHOOL 
or COMMUNITY level you could do?

If you wanted to help people using IoT, what is one idea (it can be as wacky as you like) at a 
NATIONAL or GLOBAL level you could do?

STUDENT REFLECTION SHEET

WHERE TO FROM HERE?

http://www.iotkg.org
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