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Introduction  
 

A key goal of sustainability education is to increase our awareness: of the 
effects of the material and energy use of our society, of the processes that sustain life and 
natural systems, and of how the two are linked. Laws of science regarding the behaviour of 
energy and matter apply equally to our society as to natural systems, providing patterns that 
can used as a linking, simplifying framework for teaching. We use these patterns to unite 
the diverse topics of sustainability education, and build students worldview based on the 
fundamental laws of nature, as rules of grammar provide a grounding for literacy.

Foodweb Education is a curriculum aligned, garden-based program for P-6 that uses 
school kitchen gardens as the focal point for integrating practical experience with a 
scientific view of the world. The approach to teaching is conversational and dynamic, using 
students existing experiences to contextualise and extend their understanding of general 
life processes, and placing them within those processes. Gardening and cooking provide an 
opportunity for unmediated experience and exploration, but also for casual, non-threatening 
inclusion of science into fun, everyday activities. The structure is flexible, but not random. 
Using a simple but broadly applicable framework to ground activities in patterns of energy, 
matter and systems, ensures this.





Teaching Patterns

The Foodweb approach taps into the human affinity for identifying and learning from 
patterns. We use pattern learning as a means to integrate lessons from many sustainability 
topics into a clear framework, avoiding fragmented knowledge and building students ability 
to understand sustainability issues in unfamiliar contexts.

The core patterns we use, borrowed from Ecosystem Ecology, are energy flow and matter 
cycles. All living systems depend on a flow of energy through them and cycling of materials 
within them, and these patterns occur in all natural processes at all scales, making them 
broadly applicable in teaching. We integrate these patterns into all lessons and activities, 
using systems as a way to conceptualise how energy and matter behave in specific 
circumstances and environments. The repetitive, incremental teaching of these patterns 
aims to make them available to students intuitively and as a fundamental thinking tool, 
building in depth and complexity over the course of an education program. 

These patterns are also included as components in the Overarching Ideas of the Australian 
science curriculum and the Cross-cutting concepts of the American Next Generation Science 
Standards. However, we give them a more central role. We find that focusing on fewer ideas 
with the broader explaining power gives clarity and simplicity to teaching, whilst providing 
the basis to explore other patterns. 

This resource outlines the patterns Energy, Matter and Systems and provides some 
background information to help understanding them, ways of teaching the patterns and 
actual classroom examples to use.





Energy

“Energy flow is a one way road”

All natural and human systems, whether a single-celled bacteria, the entire 
biosphere, a city or a washing machine, require a flow of energy to drive the 
processes within them. Energy is a key pattern for linking all sustainability and 
science lessons.



Energy flow through a simple food chain



How to understand Energy

Energy makes things happen! Specifically, when it flows from a concentrated source, like the 
sun, to a less concentrated sink, usually background heat. We always use the term “Energy” 
to refer to the scientific definition as the ability to do work, allowing it to be used in multiple 
contexts, like garden biology as well as home electricity and fossil fuels.

Types and Conversions
Energy can be converted between types - chemical, gravitational, light, sound, electrical, 
motion, nuclear and heat. Understanding these types and conversions between them is 
important for tracing energy flows through food webs or human systems.

Loss to heat
During all transfers and conversions of energy, some energy is lost to the surroundings as 
heat. Though it is still around, for any practical purposes it has been “used up”. In a food web 
the majority of energy between steps is lost to background heat.

Energy quality 
Concentrated energy, like electricity or sugars in a banana, can be said to be higher 
“quality” than the heat energy lost from a lightbulb, or from our bodies after we eat the 
banana. Higher quality energy can be used to do more tasks but wastes more heat energy in 
production.



One Way Road
We use the saying “energy flow is a one way road” with students to capture the most 
important understanding of energy behaviour - it dissipates to less useful and lower quality 
states, so systems need a constant inflow of new energy to maintain themselves.

.



How to teach Energy

Students will often already have a working understanding of how energy behaves, but less 
often are clearly aware of it, or have practice applying it. “Tracing” energy flows regularly, 
whether on paper or spoken, is a great way to build an awareness of energy sources and 
limitations in natural and human systems. 

Tracing energy flow
Start by drawing simple flow charts, like the one provided, for a variety of different systems.  

1. Draw a picture of the sun at the top, and then draw a bubble labelled “background 
heat”at the bottom. 

2. Draw the important parts in the system you are trying to understand, with the 
arrows connecting them to show how the energy moves from one part to another. 

3. Put more arrows leading to background heat from every point where the energy is 
transferred or converted.

Don’t worry if all of the details are not entirely correct - the main aim is to develop a habit of 
tracing energy flow and seeing that it is a one way road beginning with a concentrated source 
and ending as background heat. Once you have done this a few times students will be able to 
discuss the model during conversation and outdoor activities, without needing the drawing.



Tracing energy flow through society



Energy Lesson Examples

Foodweb story
Tell the story of an animal discovering the source of its energy, by tracing its breakfast back 
through the food chain to the sun. Do the same process for your own breakfast, and think 
about how you convert that chemical energy into motion, sound, and other kinds of chemical 
energy. Put your hand on your bare skin to feel the heat being produced. What will happen to 
that heat? How useful is it - can you capture it and use it?  

In the classroom

•	 Get the students to help you draw a simple food chain for the garden. Name the 
different types of energy that come from the sun (heat and light). Brainstorm a list 
of the other types of energy. Using the list try and label as many energy conversions 
as you can through the food chain. Remember to have heat coming off with every 
conversion.  

•	 Play ‘Energy conversion charades’ where a student pulls an action out of a hat 
(like a chicken laying an egg or playing computer games etc.). They act out the 
action, and others need to identify it, but also then identify the energy conversions 
happening in the activity. The cheat is to always say heat! 

•	 Explore the energy transfers involved in heating the classroom, and what happens 
when someone leaves the door open. Trace the electrical or chemical energy used 
for the heater back to the sun, as an opportunity to understand fossil fuels. If you 
have sun facing windows, compare this energy flow to the heater.



In the garden
While weeding or removing grass clippings, prunings or spent crops, look up at the sun and 
trace the energy flow from the sun to the plants being removed. When you take the plants 
to the compost heap, open an existing pile so students can feel the heat energy coming off. 
What is generating the heat? Where is it going? Brainstorm ways of trapping the heat to get one 
more final use out of it.

 

Cooking
Trace the energy flow of your cooking device ie. sandwich press, fire or sun oven. 

Sun oven in operation



Matter 

“There is no such place as away.”

Matter is the ‘stuff’ of our lives, and its behaviours are fundamental. A key 
behaviour of matter is cycling, which is generated by energy flows in all 
systems, from cellular processes to the water and carbon cycles.



Matter cycling diagram



How to understand Matter  

Cycling
In contrast to energy flows, where energy unavoidably dissipates to heat, its useful qualities 
lost, matter can dissipate and re-concentrate again in endless cycles. The water that 
plants transpire can come back down as a heavy downpour of rain, and metals that we 
pour into the sea may come back, concentrated by a food chain, as fish on our plates. Our 
bodies constantly reuse molecules like ATP to carry energy to our cells, and in ecosystems 
decomposers and plants capture and recycle nutrients.



Organic Chemistry

Oxygen, Carbon and Hydrogen elements make up the majority of matter in life processes. 
Transformations of C, H, O molecules in photosynthesis and respiration are key crossover 
points between energy flow and matter cycles. 

Formula for photosynthesis (plants and algae) :

Light energy + CO2 + H20  02 + C6H12O6 (sugars)

Formula for aerobic respiration (used by most life) :

02 + C6H12O6  (sugars)  CO2 + H20 + Chemical Energy (held in ATP)

Formula for combustion (of wood cellulose, in this case):

C6H10O5 + O2  CO2 + H2O

Understanding the implications is more important than simply knowing these formulas. 
I.e. What do they suggest trees are made out of? (air and water) What group of molecules 
contain the energy from photosynthesis? (sugars). 

Other organic chemicals (nitrogen, calcium, phosphorus, sulfur etc.) can be discussed in 
matter cycling, but they are not as involved in key energy processes and are less important.



Changing states of matter



How to teach Matter

Most lessons or garden activities can be presented through the pattern of matter cycles. 
Teaching the water cycle is usually an effective introduction to understanding the cycling 
of matter, and something that everyone experiences daily. This pattern can be generalised 
for the carbon cycle, nitrogen cycle and for all matter. Diverse topics such as climate 
change, recycling, sewage systems, and geological processes can be taught using the same 
vocabulary. 

Tracing Matter Cycles
Develop the habit of tracing cycles, from how matter leaves to how it returns.

1. Take an item or substance you get rid of - like egg shells, urine or car exhaust. 
2. Investigate and map out, as exactly as you can, where it goes and how it changes 

when it leaves your possession.
3. Trace your chosen material from your home and back again. Not all, or none of the 

exact particles will return to you, but some of the same type from the same cycle 
will, so include those. Sometimes the timescale will be short, but sometimes very 
long. 

Start by choosing something you are familiar with then begin exploring new ones. 

No such place as away

The earth system experiences constant flows of energy in and out of it, but in contrast, for 
matter it is virtually a closed system - the same materials simple cycle around. Carrying a 
small globe as a prop can provide a frequent reminder that we live in a limited environment 
and that for all practical purposes there is no such place as away.



Matter Lesson Examples

Story
No such place as away is a story that poses the question Where is ‘Away’?. After reading the 
story together, do an investigative exercise tracing a banana peel, that either journeys to the 
school composting system or gets sent to the local landfill. Depending on year level, select 
the changes to discuss, to include specific organic chemical changes (Nitrogen, Methane 
etc) and the impact of sending it to decompose aerobically, in compost or anaerobically, in 
landfill.

In the classroom
Step 1: Using the periodic table, describe it as a list of ingredients that make up everything on 
Earth. Get students to identify ones they are familiar with. Make comparisons to cooking and 
the way we use different or even the same ingredients in different recipes.  

Step 2: Looking at parsley plant (or another ingredient you are about to use in cooking), 
brainstorm the elements it contains based on students understanding of photosynthesis. 
Carbon and Oxygen from atmosphere, Hydrogen and Oxygen from water. Depending on the 
year level you may also introduce and discuss other cycles plants are involved in, eg. N, P, K  

Step 3: Bring out a match and ask: What it is made from? - (wood from a tree). 

Based on what you know about plants and photosynthesis, what are the three main elements 
that make up a match stick? (C, H, O). When we burn the match there is a chemical reaction 
that changes the form of the matter, but it does not go ‘away’. Burn the match and observe 
what it changes into. What happens to the C, H and the O?



In the Garden
Composting: Content complexity depends on year level, from basic observation of 
decomposition process to exploring the carbon and nitrogen cycle in the garden.

Carbon cycle: set up a treasure hunt with clues to follow a carbon atom around the garden.

Changing states of matter: send students on missions to find and collect garden materials at 
different stages in their cycles eg. eucalyptus leaves, basalt rock, water. 

Cooking: Combining ingredients and cooking creates a chemical and physical change in the 
food. Eg. Why does slow cooking onions make them sweet without adding sugar? (complex 
carbohydrates break down into sugars)

Talk about the chemistry: What happens to the C, H and O in food when you eat it? Where does 
it go?

Trace the Carbon cycle through the use of an open fire or rocket stove.



Rocket Stove in operation



Systems

A system refers to a set of interdependent elements and their relationships 
that together form a complex whole, and as a broad pattern provides a useful 
cognitive tool for understanding the world. Systems thinking gives structure 
to how we understand the behaviour of energy and matter, and the ability to 
find and understand connections and interdependence, and explore cause and 
effect.

La Mina Falls



How to understand Systems

Systems thinking covers a number of sub-patterns and habits, all generally 
relating to the practice of studying relationships between parts, and between 
the system and other systems. “Ecosystems” describe the interactions 
between organisms and their environment.

Connections and Relationships Between Parts

Systems thinking requires you to think in terms of relationships and connections. Some parts 
can be dependent on others, and may even be interdependent, causality may be complex and 
cyclic rather than traditional “cause and effect”. The nature of relationships between parts 
and changes to them are a major factor in the behaviour of the whole system.

Boundaries 

To simplify our models, we define boundaries to our systems (not always explicitly), and 
any interactions that cross the boundaries are seen as “inputs” and “outputs” of energy and 
matter. Boundaries are often muddy and hard to cleanly define, as reality is generally a lot 
more complicated than we can fit in our system.

Nested Systems

Within systems we can identity subsystems, and then use the same methods to study them. 
This gives us a way of connecting scales - cells are nested within organs, organs within 
organisms, organisms within ecosystems, ecosytems within the biosphere, and similarly for 
human systems. Nested systems are a simplification, and sometimes network models are 
more useful. 



Systems Behaviours

Systems thinking includes many more interlinked sub-patterns than we can cover in detail 
here, such as growth and decline, feedback loops, networks, population dynamics, shocks 
and resilience. Some awareness of these patterns can help to link activities and lessons to 
system models.



How to teach Systems

Systems are not necessarily something that needs to be taught directly, but they are a 
powerful way of structuring discussions and investigations, and for gauging students 
knowledge. Frequently asking useful questions that explore relationships in systems is 
more important than getting the right answers every time, as it’s the habit of thinking and 
questioning that we aim to teach.

Students can be introduced to the systems concept during energy and matter tracing 
activities, and by engaging with their garden as an ‘ecosystem’ identifying living and non-
living parts and using energy flow and matter cycles to draw connections and understand 
the relationships between them. This practice can then be extended to all ecosystems, and 
eventually human systems like their classroom or the city they live in.

Build capabilities and habits of mind 

As students progress through the program, they do not necessarily need to be able to 
define the meaning of the word ‘system’ but we aim for them to develop the habit of mind of 
systems thinking, with the ability to look for:

•	 Relationships, networks and interdependence between parts of a system.
•	 The energy sources that drive a system.
•	 The types of materials cycling within a system.
•	 The material moving in and out of a system.
•	 Systems within systems (nested) and how they connect.
•	 Common patterns of system behaviour, like feedback loops, population dynamics, 

shocks and resilience. 



Teaching systems opportunistically
Systems ideas can be taught through exposure to systems thinking in practice. There are 
many opportunities to do this, especially in a garden program. The important work of the 
teacher is linking real examples to systems patterns opportunistically, more than teaching 
systems in set classes.



Systems lessons examples

 
In the classroom 

•	 Ask students to describe ecosystems in places they have not been to, first making 
sure they know and remember a range of different ecosystems. Choose a place 
on the globe you and the students know enough about (maybe African savannah, 
Australian desert or reef, Malaysian Rainforest, Antarctica). Where is this? What 

type of ecosystem is this? What is the energy source that drives this system? (the sun!) 

How much input does it receive? What parts of the ecosystem are able to use that energy 

directly? (types of plants, phytoplankton) What parts of the ecosystem are dependent on 

others that use sunlight? (types of herbivores) What parts are dependent on them? (types 

of predators) What are the material inputs and outputs that create certain conditions in 

that ecosystem? (rainfall, subsoil, CO2, N etc).  

•	 Apply the same methodology to other systems, like the city you live in. What are the 

parts? How are they connected? What is the main energy source? (eg. Fossil fuels, hydro, 

sunlight from agriculture) Which parts of the system are able to use or dependent on 

each energy source? What happens if there is a shock to the system or another system 

the city depends on? (eg. drought conditions reduce the wheat harvest, petroleum prices 

increase if availability declines).



In the Garden

•	 Define the garden ecosystem, its parts and their relationships. Look at energy 
flows and matter cycles into and out of the system. Frequently ask questions 
that explore relationships in the garden in order to develop a systems approach. 
Population dynamics can be explored when aphids buildup on plants then collapse 
once predatory ladybird larvae catch up, and reiterated when snails build up after 
a wet period and children feed them to the chickens. Positioning activities around 
watering the plants within the water cycle, and the small garden system placed 
within the broader water cycle. Ask what might happen if these relationships 
change, or explore what happens when relationships do change. 

•	 Use play-based learning to explore the energy and matter requirements of human 
systems and the relationships and networks within and between them. Encourage 
students to design and construct a miniature fossil-fuel free village system. 
What are the main energy sources for your village? How will you ensure the energy 

and material requirements of your village and its members are met? Is your village 

resilient? How can you build-in resilience? What is its relationship with the surrounding 

environment and other communities?



YEAR LEVEL GOALS BROAD PATTERNS

Junior Years 
P-2

Emphasis on developing 
a sense of wonder, 
curiosity and appreciation 
of nature (biophilia). Use 
of pattern vocabulary 
and core energy and 
matter patterns are at the 
introductory stage.

Biophilia: Exploration, investigation and curiosity.

Sensory awareness and experiences.

Basic knowledge of living organisms and their environment.

Visible Patterns in Nature: Pattern observation, identification through garden 
organisms, systems.

Energy flow: Food chains in ecosystems and gardens. The role of the sun.

Matter Cycles: Water and nutrient cycles in the garden.

Middle years 
3-4

Emphasis is on identifying 
and understanding 
ecological patterns and 
introducing core science. 
Begin applying these 
patterns as practical 
decision making tools 
in garden design and 
maintenance.

Energy flow: Photosynthesis, energy types, transformation and 
thermodynamics. Energy flow through ecosystems.

Matter cycles: Matter cycles through ecosystems

Biochemistry - H20, C, O.

Systems: Ecosystems, networks, population dynamics, nested systems.

Senior Years 
5-6

Emphasis is on applying  
ecological patterns to 
understand the role and 
impacts of our actions on 
the planet.

Energy flow: Reiterating thermodynamics and energy flow through 
ecosystems. Energy flow in contemporary and historical human societies.

Matter Cycles: Basic chemistry, liquids, solids, gases. Biochemistry - 
elements that make up life. Reiterated Bio-geochemical cycles - H2O, C, O 
and N. Matter cycles in contemporary and historical human societies.

Systems: Feedback loops, Evolution. Networks. Nested systems. Human 
systems.

The Foodweb Framework
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