LEVEL 1

CLIMATE
Internet of Things Kitchen Gardens
Visit us at www.iotkg.org for further resources

CONNECTING STEM EDUCATION WITH REAL LIFE.

LEVEL 1: CLIMATE

ABOUT THIS RESOURCE
In Climate Level 1, students set up sensors in the school grounds and garden to explore how data observations
can help us to identify the right moment to plant a crop that needs specific temperatures to germinate and
thrive.
The Climate unit as a whole investigates how and where to collect what sort of data in the garden, what of
the different types of data can tell growers, and it leads us to make data-based decisions and actions such
as planting when certain conditions are met or identifying (or building) microclimates that benefit specific
species of plants.
Across the unit, we touch on key concepts about weather and climate. The Climate unit is designed to
complement other units or projects you are undertaking on seasons, weather and climate or climate change.
Feel free to run them together. After all, climate is complex and there is much to learn from nature’s great
big system.

DATA LITERACY
This unit introduces students to some basic
understandings about two important systems in the
world: nature’s system for climate, and IoT systems
or networks for collecting, sharing, interpreting and
responding to data.
The aim of the unit is for students to practise
collecting and interpreting data from the real world,
before making decisions about actions they take.
This is learning the data literacy skills of looking at
data, reading patterns, drawing conclusions, devising
and taking action – repeated in a cycle of adjustment
and observation.
Students do exactly what gardeners do: they observe
the weather and soil conditions, try some plants,
observe how they perform, check the weather
(past, present and predicted), adjust, make more
observations, and try again.
Growers the world over have been doing this for
millennia. We are simply able to add accurate,
consistent and persistent data collection, and
to process and ‘remember’ (or, get computers
to remember) larger quantities of data than a
traditional gardener.
Remind students, however, to use their senses as
well as the sensors. Does the soil feel warm to the
touch? Is it moist and soft and how does it smell?
Show them how to use the sensor technology to
extend rather than replace their own senses, to
organise and allow for more rigorous examination
of patterns in the data. Keep them connected to both
systems – IoT and nature – at once.

Themes in this unit include:

•
•
•
•

weather, climate and seasons
plants and how they rely on their environment
understanding climate change
growing food and ag-tech innovations.

WHEN TO START THIS UNIT
Timing is crucial, because the driver in the shifting
seasons is time. You need to let the sensors collect
data for long enough (6 weeks minimum) to show
a pattern before asking students to analyse it and do
the final lesson.
You will need to choose a seasonal plant or plants
that you genuinely intend to grow (warm-season
crops such as tomatoes, pumpkins, chilli, eggplant
are most responsive to the ‘right’ conditions, but all
crops have an optimum season based on a growing
window of ideal conditions).
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LEVEL 1: CLIMATE

We recommend starting the unit in winter or very
early spring and finishing up about 8 weeks later
when you make the final decision about the best
planting time for your warm-season crop. (For
example, in Victoria start the unit in late Term 2
or early Term 3 and do the planting at the very end
of Term 3 or the start of Term 4.)
You will need to know where you intend to plant
your crop and that you have sufficient space for it to
grow to maturity. We’ve called this crop ‘X’ in the key
question – adapt it to suit your choice.

KEY QUESTION:
When is the best time to plant
our crop of ‘X’?
Questions that answer part of the key
question:

•
•
•

How can data collection and
observation inform this decision?
What are the optimal conditions for the
germination and seedling growth of our
selected plant/s?
How do past climate observations
(data) inform our decision?

Your students may come up with more
questions of their own.
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AUSTRALIAN CURRICULUM LINKS
DIGITAL TECHNOLOGIES

MATHEMATICS

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)

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)

SCIENCE
Year 3

Science involves making predictions and describing
patterns and relationships (ACSHE050)

CROSS-CURRICULUM PRIORITIES
Sustainability

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)
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UNIT OVERVIEW
SEQUENCING
The lessons work in sequence, each one building on the lesson before it.
Important: Ensure that there is sufficient time between Lesson 4 when students start data collection
and Lesson 6 when they observe patterns in the data. You need a gap of at least six weeks for seasonal
change to be perceptible in the data – longer is fine. In this interim period, any of the extensions, other
IoTKG units, or your own units and projects about seasons, weather and climate would be perfect.

Terms and timing
Start the unit at least 6 weeks before you want to plant your chosen crop.
If the crop requires warm soil to grow optimally, then start in Terms 2 or 3 and plant in Term 4.
Examples include tomatoes, chilli, eggplant, capsicum, sweet corn and pumpkin.
If the crop requires cool conditions to grow optimally, then start the unit in Term 1 to plant in
Term 2 or 3. Examples include spinach, Brussels sprouts, cauliflower, kale and cabbage.
Some crops grow year-round and these are less suited for this unit because the purpose of the unit
(finding the optimal time to plant) become nearly irrelevant.
If you want to look up the optimum planting date for any food plant you’re likely to grow, visit
www.gardenate.com and enter your climate zone. You can then search either by month or by crop.
TERM 1

TERM 2

TERM 3

TERM 4

Plan backwards from the optimum time to plant your crop.
Start the unit a term or two beforehand.

LESSON 1: GETTING STARTED
WITH CLIMATE

•
•

LESSON 3: WHY CLIMATE MATTERS

•
•

The classroom or outdoors
15-20 minutes

Seasonal changes in temperature, light and moisture.

Understanding why plants rely on climate being
consistent.

EXTENSION IDEAS: SENSOR-Y
PERCEPTION AND HUMID WEATHER

LESSON 2: DATA COLLECTION
DECISIONS

•
•

The classroom
30-45 minutes

The outdoors
30-45 minutes

Exploring how to measure garden data. Documenting
our plan.

•
•

The classroom or outdoors
45 minutes per activity plus
project time

Optional explorations about the benefits and
drawbacks of using sensors, and what relative
humidity is.
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PROJECT: SETTING UP
THE SENSORS

•
•

EXTENSION IDEAS: GROWING IN THE
DARK AND GERMINATION RACE

classroom or garden
• The
• 30-40 minutes plus ongoing data collection
Hands-on activities exploring factors influencing

The classroom or garden
(not location specific)
45 minutes

Establishing data collection sensors in the garden.

germination.

LESSON 4: WORKING WITH OUR
OWN DATA

LESSON 7: REVIEWING DATA TO MAKE
A DECISION

•
•

The classroom
35-45 minutes

Learning to recognise patterns in raw data
from sensors.

LESSON 5: COMPARING OUR DATA
TO DATA FROM THE BUREAU OR
METEOROLOGY

•
•

The classroom
30-45 minutes

Learning to identify patterns in weather observations.

•
•

The classroom or the garden
30-40 minutes plus planting time and ongoing
data collection

Checking our data to confirm a decision. Planting
and ongoing data collection.

STUDENT REFLECTION

•
•

The classroom or an outdoor class space
5-15 minutes

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

EXTENSION IDEAS: GERMINATION
STATION AND HYDRATE TO GERMINATE
classroom
• The
• several very short (5 minute) sessions
Determining the effects of temperature and
moisture, on germination.

LESSON 6: DECIDING WHEN TO PLANT

•
•

The classroom or outdoors
15-20 minutes

Understanding what ‘time to harvest’ means.
Planning our planting dates.
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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 account (optional) – www.thingspeak.com

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

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 of this sensor (Bluetooth
range is about 5m), you can download (retreive)
stored data.
Thingspeak is a cloud platform that can connect
and store data collected in the IoTKG app.
Thingspeak ensures that the data from your
sensor can be accessed anywhere.
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LESSON 1

GETTING STARTED
WITH CLIMATE

PURPOSE:

YOU WILL NEED:

Tuning in to the topic, presenting the guiding
questions and focusing on data we can collect

•

whiteboard or similar

LOCATION:
The classroom or outdoors

DURATION:
15-20 minutes
We will:

GUIDING QUESTIONS:

• What is climate?
does climate differ from
• How
weather?

•
•

discuss seasonal change
explore the changes we have observed in
context of temperature, light and soil moisture

We can also:

•

explore resources about climate in Australia
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TUNING IN TO THE SEASONS
Ask students to think about different times of the
year. Prompt students’ observations of the seasons,
for example:

•
•
•
•
•
•
•
•

What happens in summer? (Go to beach etc.)
Is It dark when you go to bed?
Do you wear a coat and hat?
What happens in autumn/winter/spring?
Are there leaves on all of the trees?
Do you swim at the beach?
Is it light when you go to bed?
When is it likely to be foggy?

This can be done as a think-pair-share if that works
better for your class. (Students think silently about
the list of questions for 30 seconds, then share with
a partner for 1 minute, then share one of their ideas
with the class.)

GATHERING AND SORTING RESPONSES
Sort each idea and suggestion on the board into the
following three categories:
1. Temperature
2. Light
3. Water / Rain / Precipitation
Run the discussion until you get at least two items
in each of the columns.
Keep the list.
Here is an example:
WATER / RAIN /
PRECIPITATION

TEMPERATURE

LIGHT

Summer is hot.

It stays light until really late
in summer.

Summer is dry.

Night-time is nice and cool.

(I get to stay up late and we
can play outside after dinner.)

We sometimes get big storms
in summer.
We get fog in the morning in
autumn.

Winter is cold.

It gets dark early in winter.

It rains a lot in winter.
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DISCUSSING DATA
Ask students to look at the list and the headers and
to tell you which of these items we can measure,
and how.
Go through the logic of several of them with the
class.
For example: ‘Summer is hot.’

•
•

How will we measure this? (Recording the
temperature.)
How do we know summer is hotter than
winter? (Comparing data from two seasons.)

COLLECTING DATA

•
•
•
•

Temperature can be recorded with
thermometers.
Light can be recorded with light sensors.
We can also track the hours of daylight from
sunrise to sunset.

TEACHER RESOURCES
Cool Australia – A picture of weather.
Useful tuning in lesson and springboard
video about weather, for Australian schools.
https://www.coolaustralia.org/activity/
picture-weather/
ScienceWorks – Our Living Climate. Useful
springboard and tuning in activities about
climate: https://museumsvictoria.com.au/
scienceworks/learning/school-programsand-resources/our-living-climate/
National Centre for Environmental
Information – What’s the difference
between weather and climate? Extremely
clear explanation, useful even though a U.S.
source. https://www.ncei.noaa.gov/news/
weather-vs-climate

We can measure humidity in the air with
hygrometers or with sensors. We can also
measure moisture in the soil with sensors.
Precipitation can also be measured with
rain gauges.

You can move straight on to the next activity, or you
can stop here and do the next activity in a different
session.
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LESSON 2

DATA COLLECTION DECISIONS

PURPOSE:

YOU WILL NEED:

Becoming familiar with equipment and deciding
where and how to measure data in the garden.
Documenting our plan.

LOCATION:
Outdoors

DURATION:
30-45 minutes

•
•
•
•
•
•

Miflora sensor and puck (it’s okay if they are not
working yet – see following Project)
garden trowel
light meters (optional)
analogue thermometers (optional)
a rain gauge (optional)
hygrometer (optional)

We will:

GUIDING QUESTIONS:

• What is climate?
do we measure weather
• Why
data in order to study climate?
forms of data can we
• What
record, and how?

•
•

collect weather data in our school garden
and grounds
compare this data to historical records for
the area

We can also:

•

begin to use the language of data collection,
taking ‘observations’ and researching what
we can quantify, such as microclimates
where thermal mass provides a constant
source of warmth
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BEFORE THE CLASS

EXPLORING TECHNOLOGY

Your own garden data will be collected by sensors
which need to be in Bluetooth range of a puck
(about 5m). Before the class, take a look around
the vegetable-growing area and identify potential
locations where sensors will be secure enough, not
waterlogged, and not affected by heat-reflecting
surfaces such as concrete and asphalt surfaces.

Get out the technology and introduce them to the
class one by one, using the categories below to
describe what they do. Demonstrations of each
would be ideal.

If you have more than one set of sensors, you could
set up sensors in multiple locations to see how
the readings are affected by heat emission from
buildings and hot surfaces.

RECAP
If it was in a different session, remind students
of the category headers from the first activity and
some of their thinking about:
1. Temperature
2. Light
3. Water

USING DATA
Remind students that they are going to collect data
and make observations in order to make decisions
about the garden.
Display these guiding questions:

•
•

How can we observe the change of seasons
in our school garden?
Are the seasons the same every year in
our area?

Explain that the purpose or outcome of collecting
this data is to make decisions that will improve the
school kitchen garden:

•

We are going to decide when it is the
best possible time of year to plant ‘X’.

This means we need to:
1. Find out what conditions (temperature, light,
water) suit this plant so that it grows best. We
will do this by researching more about the plant.
2. Collect data and look at past data to find out
when these conditions are most likely to occur
in our area.
3. Choose an appropriate location to collect our
data.

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 outdoors
(in a shady place, about 1.5-2m above ground, not over
a heat-emitting surface such as black tarmac).
Explain that the Miflora sensor is going to continuously
collect data about the temperature of the place where
we put it. The puck collects and stores data for later use.
METHOD:
Walk around and test temperature in several locations.
If you have several thermometers, students can do this
in small groups. Send groups to shady areas and to hot,
exposed areas to come back with a reading. Have a
second group check the first group’s reading to emphasize
accuracy in data collection.
DECIDE:
Where are we going to place a temperature sensor that
is near where we intend to grow our plants? Discuss any
considerations.

LIGHT
EQUIPMENT:
Show students how a light meter works. Explain that
light, or brightness, is measured in a unit called ‘lux’.
(Symbol: lx)
LOCATION & METHOD:
Demonstrate the light level recording in an open space, a
shady space and a space with reflected light bouncing in,
such as from a white wall or pale surface.
Explain that the Miflora sensor will collect readings of
the light level where it is placed.
DECIDE:
Where is the best place to record light levels that will
affect the plants we intend to plant? (E.g. we record
data in the vegetable patch.)
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RECORDING YOUR PLAN

WATER
Discuss the difference between precipitation (rain, fog
and dew are precipitation) and humidity (how much
water vapour the air hold or how much moisture the
soil holds).
EQUIPMENT:
Show students a rain gauge and how to read it (keeping
it level, for example).
Discuss what it feels like on very humid days compared
to dry days. If you have one, demonstrate a hygrometer
that measures the humidity of the air. Discuss that these
readings are expressed in percentages.
LOCATION & METHOD:
Demonstrate soil moisture levels by digging a small hole
with the trowel in a moist area such as under a shrub
or in an irrigated garden bed. Show students that some
areas are drier than others. Discuss that taking a reading
of moisture this way is imprecise and is only a rough
estimate.

By the end of the lesson, confirm and document the
following plan with the class:

•
•
•
•
•
•
•

Where are we going to place our sensor?
The sensor is waterproof, but do we need to
protect the puck? (Fore example, it can go in a
glass jar near the sensor.)
How will we ensure these modifications do not
interfere with the sensor’s operation?
When do we intend to make a decision about
the best time to plant our crop? (Generally
about two terms later.)
(Optional) What additional data will we collect
manually? Where? When? Document the
procedure.
When will we start collecting data?
What other locations would it be useful to
collect temperature, light and soil moisture
data? (For example, a greenhouse.)

DECIDE:
Look for an ideal location for the Miflora soil probe sensor.
It should be located in the area where we intend to grow
our plants.
Discuss any considerations such as not ‘drowning’ the
sensor in wet seasons.
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LESSON 3

WHY CLIMATE MATTERS

PURPOSE:

YOU WILL NEED:

Understanding why climate matters when growing
plants.

•

A device for accessing the internet with projector
or whiteboard

LOCATION:
The classroom

DURATION:
30-45 minutes
We will:

GUIDING QUESTIONS:

• What is climate?
do we measure weather
• Why
data in order to study climate?

•
•
•

explore how weather data collection works
learn a bit about how plants respond to
changing conditions
discuss how predictions differ from
observations

We can also:

•
•

begin to explore where microclimates might
exist in our garden / school grounds
make links to other learning your class may be
doing about weather and geography, climate
and the changing climate
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BEFORE THE CLASS
Visit one or more of the following gardening climate
guides for Australia. You will need to visit at least
two of them to explore and compare them during
the lesson. A brief explanation of the difference is
provided below.

•

•

•

ABC Gardening Australia – Climate Maps.
The simplest applied map showing what you
can plant each month of the year in a typical
garden: https://www.abc.net.au/gardening/
vegie-guide-zones/9796680
Bureau of Meteorology – Map of Climate
Zones of Australia. Much more detailed maps
showing how climate boundaries are affected
by mountain ranges, rivers and other major
geographical features: http://www.bom.
gov.au/jsp/ncc/climate_averages/climateclassifications/index.jsp
The Diggers’ Club – Cold Zones, Heat Zones
and Growing Zones. Three maps, the top two
differ in that they compile climate data and
show the average minimum temperature (Cold
zone) the typical number of days per year over
30˚C (Heat zone), and the sowing map, which
is a climate map like the other two examples:
https://www.diggers.com.au/shop/orderinginformation/climate-maps/

CLIMATE ZONES AND GROWING PLANTS
Introduce the first of the two climate guides you
chose before the class. We suggest either starting
with the ABC Gardening Australia, or the Bureau of
Meteorology site).

This means that climate scientists have taken
aggregated data about temperature and humidity
from thousands of local weather stations over a
number of years (about 120-140 years, depending
on the location) and assessed that data for patterns
to produce these zones.

•

Are you in the middle of a climate zone or on
the edge of it?

Look at the area in the south-east of Australia.

•
•

Why do the climate zone boundaries curve in
and out there?
What land features might be playing a part in
this?

What land features near our school and suburb
might affect our climate?
Explore one of the gardening applications of the
climate map.
You may need to discuss why all plants have a
preferred climate – all of the food plants we grow
in gardens originated in an ecological niche that
suited them, e.g. grasses like the original wheat in
open grasslands with hot summers and cold winters,
or vines like pumpkins in jungle areas with long,
warm summers.
Explain that these guides make practical use
of climate zones and their purpose is to guide
gardeners about what will, and won’t, grow well in
a typical garden in that climate zone. In other words,
why bananas don’t grow in Tasmania!

Locate your school. Ask a student to use the map to
locate your region and roughly pinpoint your suburb.

•
•
•

Was it difficult to find your location? Why or
why not?
Why does the map not include detailed
geographic features?
How does this relate to the purpose of the map
(i.e. not for navigation)?

Explore the basis of the zones on the map. The three
examples we have chosen are based on temperature
and humidity.

TROPICAL ZONE
SUBTROPICAL ZONE
HOT ZONE
WARM ZONE
COOL ZONE
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TAKING OBSERVATIONS IN YOUR
GARDEN
Many schools take weather observations. If you have
records for your school for the last year, collect
them in one place (on paper or digitally), access the
Bureau of Meteorology website’s observations section

EXPLORING GARDENING OPTIONS
Use the ABC – Gardening Australia month-by-month
planting lists to have a look at what you can plant
this term and next term in your school garden. (Be
sure you have chosen the correct climate zone first.)
You may also want to discuss whether or not the
climate zone on the map for your area is accurate
(especially if you are near a boundary of a zone or a
major landform or feature such as a mountain range
that may affect the local area).
If you have records or a local experienced gardener
who can tell you which months are typically best in
your local area for planting certain crops (such as
warm-season tomatoes and chillies), they may have
experience and knowledge to help decide whether
the zone on the map is accurate for your school.

What is a microclimate?
A microclimate is the name we give
to an area inside a larger climate area
that has consistently warmer, or cooler
temperatures, higher or lower humidity,
and higher or lower wind speeds, affecting
the rate of evaporation.
Despite the name, a microclimate does
not have to be tiny. While a microclimate
can be a ‘warm spot’ or a ‘cool spot’ in
your garden, it could also be a warm valley
or a cool high plain within a larger climate
region.
Growers (and farmers of all types) take
advantage of microclimates in planning
their planting, scheduling sowing and
harvesting, moving animals, even placing
buildings in favourable microclimates
for human comfort. They also create
windbreaks and other features to
purposefully make microclimates.

Be sure to stress that this is not a case of the
maps being incorrect but of climate being very
complicated! Sensors and the data they collect are
going to help us to understand the exact nature of
the climate in our school garden.
Introduce the term ‘microclimate’, which we will
come back to later in the unit.
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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

QUiCK START SETUP VIDEO
Find the video on the IoTKG website:
www.iotkg.org

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).
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EXTENSION IDEAS
While waiting for a day or two to collect enough data for the next lesson, here are some extended activity
ideas that may be of use.
These cards can be done at any time during the unit (or by groups who have finished another task). All of these
activities are optional.

SENSOR-Y PERCEPTION

HUMID WEATHER

What are the traditional ways of testing
moisture levels in the soil? How accurate can
these tests be?

Find out how the measure of water vapour in
the air, or Relative Humidity, works. This page
from the Bureau of Meteorology will help but
you can use other sources, too.

Research some of the ways the moisture
level of a soil sample can be judged. As an
experiment, you could measure soil moisture
by weighing a sample of soil (measured by
volume), drying the soil sample thoroughly
and re-weighing it. The difference will be
the weight of the water that was evaporated.
Explain what percentage of the original
sample was water. How do you know this?

WHAT ARE THE BENEFITS OF
USING SENSORS? WHAT ARE THE
DRAWBACKS?
Devise a test that compares data from a soil
moisture sensor to data taken by hand. What
scale will you use to communicate the level
of moisture you find in the soil?

•

Bureau of Meteorology – Average
Relative Humidity: www.bom.gov.au/
watl/humidity/

Why would the level of humidity in the air be
important to weather prediction?
Devise a test that shows how the temperature
and humidity levels in a sample of air
affect the potential for cloud formation
or condensation (rain). Devise a plan for a
demonstration or experiment and get your
teacher to approve it before you give it a try.

Is it easy to calculate the soil moisture
percentage without digital technology? Why
or why not?
How do moisture sensors work? Explore the
concept of electrical conductivity in soil and
how this indicates the presence (or absence)
of moisture.
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LESSON 4

WORKING WITH OUR OWN DATA

PURPOSE:

YOU WILL NEED:

Learning to recognise patterns in raw data

LOCATION:
The classroom

•
•

A working MiFlora sensor and Espruino
device / puck
a projector or whiteboard

DURATION:
35-45 minutes

BEFORE THE LESSON
GUIDING QUESTION:
do we use data to help us
• How
see the warm spots and cool

•

areas in our garden?
How do we use data to help us
make decisions about what to
plant, where and when?

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 to a .csv file. The
advantage with this is that you do not need
to connect via another platform.
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
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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.

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, in part
because soil fertility data is complicated to measure and this
basic sensor is not very reliable about fertility)
We will not worry about the location data yet either
(this function is off in our example so there is no data here.)
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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

TEACHER NOTE

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

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.

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?

•

At the end of this lesson, with or without students’
help – set up a process by which you collect regular
data from the sensors. As a suggestion, the BOM
take readings at 9am and 3pm each day. Being on
the same interval would make it easier when you
compare your data to their historical observations
in Lesson 7.

Is this what you would expect? Why?
© MONASH UNIVERSITY – IOTKG, RELEASED UNDER CC BY-NC-SA 4.0
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SURVEY THE GARDEN
In the same or a separate session, take students into
the garden with clipboards and a simple map of the
grounds to survey natural and built microclimates.
In groups, students mark on their map, using colour
to indicate:

•
•
•

Warm spots (warm microclimates) – Where
would you want to be on a cold and windy day?
Why? What features of this location make it
warmer?
Cold spots (cool microclimates) – Where
would you want to be on a hot day? Why?
What features of this location make it cooler?
What built microclimates can we identify?

Record students’ observations on a master map as
you discuss all suggestions. Later, you will use these
maps to locate sensors to determine whether or not
these microclimates do exist, and to what degree
they are warmer or cooler, or the soil in these places
has more or less moisture.
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LESSON 5

COMPARING OUR DATA
TO DATA FROM THE BUREAU
OF METEOROLOGY

PURPOSE:

YOU WILL NEED:

Comparing our data to data from an authoritative
source for our area

LOCATION:
The classroom

•
•
•

Computer with internet access
Your spreadsheet of sensor data
A Thingspeak account – www.thingspeak.com

DURATION:
30-45 minutes

BEFORE THE LESSON

GUIDING QUESTIONS:
do people use data to
• How
determine the big patterns in the

•

weather than define a climate?
Does our garden’s microclimate
differ from that of the local
weather station?

You will need to have several weeks of data from
your sensors in one spreadsheet for this lesson.
Set up Thingspeak, using the video instructions on
the IoTKG website.
Start collecting data for a few days before starting
this lesson. You only need two observations per day,
we suggest 9am and 3pm as these match what the
BOM collects.
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We will:

•
•

Get local authoritative data from the Bureau
of Meteorology (BOM)
Compare it to our own observations

GETTING TEMPERATURE
DATA FROM THE BUREAU
OF METEOROLOGY
Visit www.bom.gov.au

IT’S THE BOM
Explain to the class that the Bureau of Meteorology
(BOM) collects data from all over Australia about
weather conditions. They collate and analyse this
data to make conclusions about climate and to make
predictions of future conditions.
These are used by many people, including farmers,
orchardists, fisheries and forestry industries, fire and
drought prediction and climate modelling (such as
how Australia’s climate is changing).

•
•
•

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:

This information from the BOM about how they
collect data (now and in the past) is a good place
to start:

•

Bureau of Meteorology – About data and
observations: http://www.bom.gov.au/climate/
data-services/about-data-observations.shtml

EXPLORING THE DATA (OPTIONAL)
In groups, students play with the variables to find
(if they can):

•
•
•
•

Rainfall data from before the year 1900 in your
general area.
A significant rain event (e.g. rainfall monthly
figures for 1880 for Sunbury Vic, Salesian
College show a total of 88mm of rain on Feb
27, 1880 – that must have been a huge storm!)
An unusually warm or cold day.
A frost in the months they would call summer.

•
•
•
•
•
•

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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COMPARISONS AND MICROCLIMATES

GOING FURTHER

As a class, model how you would select and
download local BOM data to compare with your own
sensor data. Focus on temperature. Guide them to
select data that measures the same thing and that
can therefore be meaningfully compared.

Students create data displays, including tables and
graphs, to show the comparisons they have made
between their own collected data and the BOM data.

Discuss:

•
•
•
•
•

Is the BOM measuring the same variables that
we are measuring?
Are they measuring at the same interval or time
in the day as we are?
Where is the nearest available weather data
point on the BOM?
How far is that from the school?
Do we expect their data to be different – and
if yes, why?

Discuss students’ observations about microclimates
in the school grounds and the surrounding area. For
example, the school might be on a windy, exposed
hill which makes the microclimate colder in winter
and hotter in summer, and drier all year because of
the windy site.

COMPARISON TABLE
Help students to create a table or spreadsheet
comparing the BOM readings to your sensor
readings. Explore your findings.

•
•

How does their data compare to your own
data? Can we see a difference in the data?
Is the difference consistent? (I.e. BOM
temperature is usually 1-2 degrees above our
data for temperature.) Why might this be?

Students present their findings and analysis in a
presentation or report. Possible student conclusions
or recommendations could include:

•
•
•

We can’t get truly local data from the BOM
(e.g. the data point is on the other side of a
hill / further inland and the weather there is
usually different).
We can get data from citizen science projects
such as Weather Underground
(wunderground.com) that is more local to us.
Our data is more reliable for our garden use
because it takes into account the microclimate
of our school grounds.

Our data is not truly comparable to BOM data
(because…).

RAIN (OPTIONAL)
If you are also collecting rain gauge data manually
and would like to compare this to BOM data, select
an appropriate year or years to download (e.g. ‘We
want to check monthly precipitation in our area every
10 years going back 100 years or more to see
if it has changed.’)
Explore the Summary Statistics at the bottom of a
data sheet – for example, showing the Mean, Median
and Highest Daily rainfall for a given weather station
across all years.

Discuss:

•
•
•

When is it better to have region-wide,
authoritative data from the BOM?
When is it best to have your own extremely
local weather data collected consistently over
many years?
Is a predicted weather event a certainty?
Why not?

Determine what ‘best’ means by discussing what
we want to use the data for. In our case, we want
to make a prediction about typical seasonal
temperature, soil moisture and light levels so that
we can make an informed growing decision (when
to plant our crop of ‘X’).
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EXTENSION IDEAS
GERMINATION STATION

HYDRATE TO GERMINATE

Grab a packet of quick-growing seeds that
are often eaten as sprouts, such as radishes,
sunflowers or broccoli.

Seeds need moisture to sprout, and some
seeds need to be soaked in water for a period
of time before they will sprout.

Divide the seeds into two batches. Wash the
seeds in a fine sieve, tip each batch into a wet
cotton handkerchief or napkin, fold the fabric
into a loose packet and place the wet fabric
bundle (uncovered) in a bowl.

Is complete submersion in
water harmful or beneficial
to bean seeds and shoots?

Place one bowl in the classroom and the other
in a fridge.

Design an experiment to answer this question.

Each day lightly wet the cotton fabric (put the
whole bundle in the sieve, open it up, run cold
water through it, close the bundle and pop it
back in the bowl in the fridge or classroom.
You should see signs of life within 3 days.
How many days does it take before the
classroom sprouts appear? How many days
before the fridge sprouts appear? What is the
difference in temperature between the two
locations? (Use thermometers or sensors to
check.)

How could we use observations and data to
help us find out the optimum length of time to
soak the seeds?
If we grow plants as a part of our test, how
will we judge their health?
Try bean or pea seeds. Devise your plan, write
it down and ask your teacher to check it
before you give it a try.

Eat the sprouts in a salad, sandwich or
sausage bun. Delicious science!

© MONASH UNIVERSITY – IOTKG, RELEASED UNDER CC BY-NC-SA 4.0

WWW.IOTKG.ORG

25

LEVEL 1: CLIMATE | LESSON 6

LESSON 6

DECIDING WHEN TO PLANT

PURPOSE:

YOU WILL NEED:

Understanding what seeds need in order
to germinate.

LOCATION:
The classroom or outdoors

•
•
•

DURATION:
15-20 minutes

•
•
•
•

a whiteboard or blackboard
a few copies of the Time to Harvest factsheet
on page 29
a selection of seeds for students to handle,
such as peas, coriander seed, pumpkin seeds,
other large seeds such as cosmos flower seeds,
cornflower seeds and winged seeds from trees
(optional) 1-2 seed catalogues, which you can
get free from Eden Seeds, Select Organics, Green
Harvest and other seed companies or from local
gardeners
sensors, thermometers, light meters
garden seed catalogues or online catalogues
calendars of the year

We will:

GUIDING QUESTIONS:
do seeds need to
• What
germinate?
can collecting data in the
• How
garden help us to know when
the conditions are optimal for
germination?

•
•
•

Look at what seeds need to germinate, and
explore dormancy.
explore the importance of time in deciding
when to plant
suggest times to plant our crop of ‘x’
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WHAT SEEDS NEED

SLEEPING FOR 32 THOUSAND
YEARS

Look at some seeds together. Let students handle
them or take a ‘lucky dip’ from a tub and examine
the seed they have. They can describe it and guess
what it is.

Dormancy is different for each type of seed
– in optimal conditions, some seeds can
remain dormant for a remarkably long time!

Discuss that seeds contain the information (genetic
coding) necessary to create a new plant.

This National Geographic article is about
a 32,000-year-old seed that sprouted into
a plant. (Discuss: What might this mean for
extinct plant species? How can seeds be
preserved for so long? Why is this relevant
to biosecurity?)

Explore what ‘dormancy’ means. (Seeds that are
dormant have not germinated yet.) Seeds can stay
dormant for many years until conditions are optimal.
Prompt students to tell you what needs to germinate
(begin to grow / break dormancy). Ask them to
describe the process.

•

Seeds need water, the right temperature and air
(little gaps in the ‘crumb’ of the soil) to begin to
germinate.

•
•
•

Seeds that are too dry will remain
dormant.
Seeds that are too warm or too cool
will not germinate.
Seeds that are in soil that is under
water for too long will die if left in
these conditions.

What about light? Discuss whether seeds
need light to germinate. (If we plant them
under soil, then no. Most – but not all – seeds
do not need light to start growing. Plants
with photosynthesising leaves definitely do
need light.)
What about time? Do seeds need time to
grow? It takes 1 week – 4 weeks for most
vegetable seeds to germinate in good
conditions.
Stress that all the factors (water, temperature,
oxygen, light) need to stay within the right limits
for the seed for the WHOLE time it is germinating
(1-4 weeks). (This will be important for their databased decisions.)

National Geographic – News:
Oldest Seeds Regenerated:
https://news.nationalgeographic.com/
news/2012/02/120221-oldest-seedsregenerated-plants-science/

DECISIONS GROWERS MAKE
Discuss how growers (gardeners and farmers) make
decisions about what they will plant.
Answers can include a range of options such as:

•
•
•
•
•
•
•

What grows well in their garden.
What they like to eat or to share with others.
What they want to sell.
What gardeners and scientists know grows
well now / at this time of year.
What we traditionally plant on a specific day
(tomatoes on Melbourne Cup weekend).
What there is room for in the garden.
What suits the soil and the climate.

Using seed catalogues or the Time to Harvest
factsheet on the next page, explore how many
weeks it takes from seed to harvest for a selection
of common crops.
Use the calendar to suggest some possible dates
for planting and harvesting favourite crops.
Work forwards (‘If we plant next week our tomatoes
might be ready to eat by the end of Term 4’) as well
as backwards (‘We don’t want all the pumpkins to
be ready to harvest during January when no-one is
here, so let’s decide when to plant them for Term 1
harvest…’)

© MONASH UNIVERSITY – IOTKG, RELEASED UNDER CC BY-NC-SA 4.0

WWW.IOTKG.ORG

27

LEVEL 1: CLIMATE | LESSON 6

This is what savvy gardeners actually do.
Professional growers do the same thing to try to
match their harvest to important moments when the
produce has good value – such as having the earliest
asparagus to capture a high price and demand.

SEEDS AND SEASONS
Get students to remind you of the data we are
collecting:
Temperature
Light
Water
Ask: How will this data help us to decide when
it is best to plant these seeds?
Remind students of the crop we are intending to
plant (this should have been determined at the
beginning of the unit, e.g. basil, pumpkin, chillies).
Use the chart on the next page or reputable
gardening websites (Australian sources such as
Gardenate, Eden Seeds, ABC Gardening Australia
or Digger’s Club) to find the typical time from
planting to harvest and whether or not this plant
is killed by frost.
Propose a date when you would like to plant
this crop, that sits within the optimum growing
conditions for the whole life time of the plant
(seed to harvest) AND that takes itno account any
other considerations such as school holidays or
having the produce for a certain event such as a
Term 4 celebration or a Term 1 welcome feast.
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STUDENT FACTSHEET

TIME TO HARVEST
This table shows some common crops and how long you would typically have to wait to get a
harvest (full-size plants) after planting from seed. This information is often provided on seed packets
as ‘time to harvest’.
Total time elapsed includes optimal germination time, e.g. 7 days to germinate + 48 days to grow
mature vegetable = 55 days.
Remember! Variations in harvest time depend on growing conditions but also on the variety of the
plant. For example, a small pumpkin variety such as Acorn Squash will be ready much more quickly
than a large pumpkin variety such as Queensland Blue.
If a gardener knows that in their climate they have a certain number of weeks in which to grow
a plant before frost, they choose the quickest ripening variety such as the small pumpkin.
PLANT SEEDS OF…

AND EXPECT TO HARVEST IN…

KILLED BY FROST?

apple tree

3 years

No

basil

70-90 days

Yes

cabbage

80-100 days

No

carrot

60-120 days

No

chilli

65-90 days

Yes

corn

75-100 days

Yes

cucumber

55-70 days

Yes

fig tree

7 years

Sometimes

ginger

175 days

Yes

lettuce

55-80 days

No

potato

105-140 days

No

pumpkin (large)

105-140 days

Yes

pumpkin (small)

65-75 days

Yes

radish

35-49 days

No

tomato (small / cherry)

60-75 days

Yes

tomato (medium-large)

75-90 days

Yes

zucchini

35-55 days

Yes

Source: Gardenate, Temperate Climate zone, Vegetable Growing info: https://www.gardenate.com/plants/
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EXTENSION IDEAS
GROWING IN THE DARK

GERMINATION RACE

When a seed breaks dormancy (wakes up)
and germinates, the germ (shoot) inside
starts to swell and grow and push through the
hard casing of the seed.

Farmers and horticulturists know that not
every seed in 100 will grow. Some of them
don’t germinate.

Whether or not this happens is determined by
how much water, air, and light the seed gets
and what temperature it’s at.

WILL SEEDS GERMINATE IN TOTAL
DARKNESS?
Design an experiment to answer this question.
Try bean or pea seeds, lettuce seeds and one
other seed of your choice. Devise your plan,
write it down and ask your teacher to check it
before you give it a try.

Scientists test seed batches to determine
a germination rate, which is expressed as
a percentage. A germination rate of 93%
means than if we plant 100 seeds, 93 of them
will grow. Professional growers accept a
germination rate of anything over 90% to
be optimum – or nearly perfect.
Choose a type of seeds you are going to
plant, e.g. spinach, silverbeet or beetroot.

WHAT IS THE TYPICAL RATE OF
GERMINATION FOR SEEDS OF THIS
TYPE?
Remember that temperature affects
germination rate. So, you need to design an
experiment that tests two trays of seeds in
soil at two different temperatures.
How are you going to do it?

•
•
•
•

How will you record the on-going
temperature of each tray reliably?
(Can you use your sensors?)
How will you make sure you can count
the percentage of seeds that come up?
How different should the temperatures
of the two trays be?
How many days will you wait before
you count?

Devise a plan for the experiment and get your
teacher to approve it before you give it a try.
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LESSON 7

REVIEWING DATA TO
MAKE A DECISION

PURPOSE:

YOU WILL NEED:

Practising using data to check a decision

LOCATION:
The classroom or the garden

DURATION:
30-40 minutes plus planting time and ongoing
data collection

•
•
•
•

At least 6 weeks of data from your sensors in a
form such as Excel or Google Sheets
Calendars – digital or paper
Seeds of your chosen crop, and a predetermined
place to plant them
planting tools such as gloves, trowels and
watering cans

We will:

GUIDING QUESTION:
our proposed planting data
• Is‘safe’
for our plant?
can we check by comparing
• How
to past data?

•
•
•
•

Read our own data on light, temperature and
soil moisture
Compare our observations to the Bureau of
Meteorology observations for this time last year
Confirm or revise our proposed planting date
Plant our seeds
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REVISITING DATA
Open the spreadsheet where you have
collected multiple weeks of data from
your sensors.
Create a table showing the temperature,
light and soil moisture data over the whole
period since you began collecting data.
(You will need at least 6 weeks of data –
more is better.)
Explore and discuss events you can see in the data.
Graph the data on a line graph to allow you to
discuss patterns and events.
For example:

•
•
•

When did the season begin to change? What
seasons were we shifting from and to?
Was the progression smooth? (i.e. did every
day consistently get cooler or were there warm
and cool days?)
How do we know what will happen next?

THIS TIME LAST YEAR
Students call up the BOM data for last year for a
period from today’s date until the end of the year
(i.e. this day last year until the end of the year).
Show students how to create a line graph showing
the same variables.

•
•

What patterns and events can we PREDICT
from this data?

‘FIRST DAY OF SPRING’
– NOT ACTUALLY A THING
Why can’t we rely on calendar dates (e.g. the
expectation that 1 September is the first day
of spring?
Who decided that this was the first day of
spring? (How is ‘spring’ defined?)
Can we detect a single day or moment in
time in our data that marks the beginning of
spring? (Why not, and what does this mean?)
Discuss that hard dates like ‘first day of
spring’ are based on equal divisions of the
calendar year into four seasons, and may
bear no relation to local data about changing
patterns of temperature.
The changing of the seasons is a much more
gradual thing – there is much to be gained
from exploring the many Indigenous cultures
in Australia who divide the year according
to observations of plant and animal life
cycles, with names for five, seven, eight or
more local seasons in the year based on long
observation.
There is so much to explore in climate and
weather science, and your own investigations
can add to the unit. We touch on some of
these topics again in Levels 2 and 3.

How would we check?

TEACHER RESOURCES
Bureau of Meteorology- Indigenous Weather
Knowledge: http://www.bom.gov.au/iwk/
Inspiring Victoria - Seasons in the Sky.
The seven seasons of the Kulin peoples
of Victoria relate to the stars, plants and
animals of each time of year:
https://inspiringvictoria.org.au/2020/08/13/
seasons-in-the-sky/
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PLANTING DECISION
Using what students know about the optimal
temperature for the crop they are intending to plant,
PLUS how many weeks it needs to grow, ask students
to choose times of year when it would be good to
plant this crop, taking into account the conditions
(temperature in particular).
Ask them if the data from past years at the BOM
confirms that there is likely to be sufficient time
at the optimum condition for the plant to come to
full maturity (time to harvest, from the last lesson).
Check this with a calendar.
Students write down their final decision about when
to plant. They present their logic on a poster, in a
report or class garden diary.

IT’S A DATE!
When the time comes, plant your seeds.
You might have room to plant two test sets of seeds,
in slightly different micro climates (e.g. near a warm
wall versus out in the open). You could use two sets
of Miflora sensors to track their conditions, or you
could compare their germination rate and growth
after 2, 4, 6 and 8 weeks.

TRACKING PROGRESS
Monitor the beds with your sensors and check
the data to answer the question: Did these plants
germinate and grow in optimal conditions of
temperature, light and soil moisture?
If not, would we change our planting date next year?
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STUDENT REFLECTION SHEET

CLIMATE AND DATA
Is automatic measurement with sensors always better than the traditional methods of measuring
temperature, soil moisture and other critical data for gardeners?
Can you think of things that may be difficult to measure automatically? What makes them
complicated? (And what does this make you think about other situations where similar data
is collected?)

Can we assume that the data leading up to the same date next year will be exactly the same? Why
or why not?

Do gardeners and other growers such as farmers design environments to alter – temperature, light
and humidity? How are some of the ways they do this? (Greenhouses, shade cloth, misting sprinklers,
humidifiers, etc.)

What does this make you think you could do with your school garden?

Does this make you think about any reasons why climate change is a problem for plants? (Can plants
get up and move if the climate becomes too hot for them?)
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