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Introduction

LivingSTEM  is an Erasmus+ project with the ambition to help students obtain a
meaningful understanding of the prevailing environmental problems, while at the
same time, cultivating their interest and rousing their curiosity STEM disciplines. The
project is designed to address two pressing issues:  

1) the growing ecological concerns that incite anxiousness among the youth and  
2) the continued shortfall of  STEM programmes in boosting uptake and    engagement
among students.  

In response to these two challenges,  LivingSTEM pushes Permaculture forward into
the formal education system, and in the process, incorporating non-formal and
informal methods of learning.   For almost five decades now, Permaculture has been
used to design sustainable and resilient systems, not only in agroecology but also in
educational pedagogy.   However, this is the first bold attempt to integrate
Permaculture in the learning of STEAM within formal education. Through its set of
principles that derive inspiration from nature, Permaculture design is inherently
geared to enthuse students to their STEM subjects while at the same time nurturing
their minds to a solution-oriented attitude towards climate change.

Since LivingSTEM addresses ten to fourteen-year-old students, it offers several tools
that merge  gamification, non-formal, informal, peer learning and applied
approaches.   The purpose is to captivate the students’ interests, boost their
engagement and retention in a fun-filled way while assimilating new knowledge and
information.   The following intellectual outputs are designed to facilitate and inspire
educators to enliven each student’s learning experience :  

IO1.  The Manual  (lead:  Générations.Bio-Belgium) provides an overview of
Permaculture, background information on STEAM, non-formal and informal education
and gamification. Its chapter on Inclusion offers insights to understand the needs of
students with learning disabilities and provides practical solutions for educators. The
Manual also presents practical pedagogical guides to teachers as well as valuable
implementation guidelines.

6This project has been funded with support from the European Commission. Its content
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IO2. The  Gamification System (lead: Citizens In Power- Cyprus) contains
twenty educational outdoor and indoor games that fuse together  STEAM subjects
and Permaculture. Each activity can be spread over the school year and are best
combined with theoretical as well as practical projects. The games are carefully laid
out to develop a sense of intrigue, making the learning experience enjoyable and the
implementation trouble-free.  

IO3. The Deck of Cards (lead: Logopsycom- Belgium) are kid-friendly and easy-to-use
scientific fun-cards that contain relevant information on plants, animals and
transformed food. Though designed to be used as complementary tools for the other
activities within the LivingSTEM toolkit, they can also serve as stand-alone cards to
reinforce learning.  

IO4. The Ideal Kitchen Garden Game  (lead: Edu Lab- Italy) is another STEAM
intensive yet fun-filled learning experience that introduces the parcel canvas
integrated into the design process of Permaculture. It builds up from the Manual and
preceding intellectual outputs and employs The Deck of Cards for full-STEAM
integrated learning. The game emphasises Permaculture’s design that factors in the
children’s natural rhythm of learning.  

IO5.  The Ideal Menu Game (lead: Ed Consult- Denmark) expands
the LivingSTEM educational reach by underpinning the interrelationship of food to
the environment. Through this educational game, the students will likewise discover
the link to science, mathematics and culture of their food and eating habits. Through
their essential Permaculture background, they will achieve a more profound
understanding of what the UN sustainable food system strategy is all about and how
their contribution is vital to its success.  

IO6. The Practical STEM Videos (lead: Trànsit Projectes- Spain) highlight the
relevance of technology in the LivingSTEM project. Children nowadays who are
inclined to capture new information faster through videos, will, themselves, learn to
create their very own videos through this activity. Thirty different permaculture cum
STEAM concepts are elaborated  to serve as subject choices for their films. This
innovative approach aims not only to facilitate technology training but also to foster
peer learning.  

7This project has been funded with support from the European Commission. Its content
and material reflects only the views of the authors, and the Commission cannot be
held responsible for any use which may be made of the information contained therein.



Another significant part of LivingSTEM is the “Inclusion” of students with learning
disabilities or differing ways of learning within the proposed pedagogy. Inclusion in
practical terms and Inclusion in the context of Permaculture is presented to highlight
the imminent need for a heightened awareness to this reality. By bringing a
reasonable sensitivity towards the “dys” students’ special ways of learning,  dys  or
non-dys students, educators and the society as a whole can benefit from the hidden
genius that rests amongst them.  

Finally, as a consequence of the COVID-19 pandemic, one of the options proposed by
UNICEF to adapt to the impact of the pandemic is to move classes to
temporary  spaces or outdoors. Since Permaculture encourages a wholesome
experience with the environment to elicit wisdom and answers from nature,
the LivingSTEM project serendipitously sits well as a solution to this new mode of
outdoor learning.

8This project has been funded with support from the European Commission. Its content
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1.1. Introduction  

What is Permaculture? 
Permaculture is a holistic design approach that selects and connects different
techniques and strategies from a broad range of  disciplines,   applying  them
according to its set of ethics and principles.   It uses these principles not only for
regenerative agriculture, but also “to design buildings, energy and wastewater
systems, villages, and even  less  tangible structures such as school curricula,
businesses, community groups, and decision-making processes.”(1) Permaculture is
considered as an applied science that derives inspiration & knowledge from nature,
simulating or adapting natural patterns to develop designs that are resilient, self-
regulating & sustainable. “By taking a whole systems approach to design,
permaculture looks to the root of the world’s problems and seeks answers that are
thoughtful, inclusive, and long term intending to build regenerative, healthy and
thriving natural and social ecology”.(2) As such, Permaculture enables the
establishment of efficient & sustainable societies prepared for a post-oil transition. It
fosters a global way of thinking while employing local solutions in configuring
landscapes that are modelled after nature, underlining the human’s roles &
responsibility within these landscapes.   
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Fig. 1 All about Trees by KT Shepherd, ktshepherdpermaculture.com/free-to-
use-permaculture-illustrations.html

1. Permaculture
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Origin & Philosophy
Permaculture found its roots in the 1970s when two Australians-- ecologist, Bill
Mollison and his student, David Holmgren, co-authors of the discipline, published
their first book on the subject. Identifying the principles that made nature &
indigenous cultures rich and sustainable, for thousands of years, Mollison and
Holmgren reasoned that such systems must be based on principles of sustainability.
(3) Their book, Permaculture One, is centred on the carefully contemplated design
that seeks to produce more output than its input through the right integration of the
plant and animal species based on their functional relationships. 'Permaculture One'
introduces the viability of creating a cultivated stable food-producing network that is
adaptable to local conditions and different scales. The very purpose of permaculture
is to design and build ecologically sound living environments that are harmonious,
sustainable and economically prosperous. The practice of permaculture asserts for
individual responsibility by being aware of the consequences of our own actions and
accepting our roles in how we meet our needs.(4)   

It is essential to mention that the concept of Permaculture, long before the term
itself became popular, was already in existence in Europe. Sepp Holzer, another
known figure associated with Permaculture, was already practising alternative
environmentally-respectful farming methods as early as the 1960s. He was a
recognised proponent of sustainable farming in Austria for his techniques and
frameworks that he later discovered to be referred to elsewhere as Permaculture.(5) 

Since its principles are rooted in the wisdom of nature, permaculture practice focuses
on optimising and enhancing the relationships between the elements or parts of a
system, more than the elements or the parts themselves. As such, the design process
then fosters interconnections that build a whole that is stronger than its parts. It is
the focus on the relationships that creates a functioning system, rendering
Permaculture as a straightforward design process that can address challenges from
simple to intricate, whether it be the design of a small garden or the extent of a farm,
a city or a society.       Its whole-systems-thinking approach offers solutions to
universal problems in different areas such as food security, climate change,
renewable energy, community regeneration, education, and other societal concerns
that beset our global society.
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Permaculture: a collection of techniques and disciplines  
Permaculture can be regarded as a mini-Wikipedia of ideas, tools, techniques,
perspectives, methodologies, disciplines, and sciences selected and adapted by
permaculture experts for their resonance in the holistic model of Permaculture and
for their utility to permaculture design. It is for this reason that Permaculture is also
regarded as a linking science. Like the wisdom that Permaculture derives from the
interconnected, naturally self-balancing and self-regulating traits of natural
ecosystems, these borrowed, stacked up and combined tools are then applied,
experimented, adapted and supported in, for, by or through the permaculture design
process. The development & evolution of permaculture design have also been
immensely influenced by the insights of both Masanobu Fukuoka, the
celebrated  Japanese farmer and philosopher and Howard T. Odum, the father of
ecological engineering. (6)  

The permaculture principles established by  Australians, Mollison and Holmgren have
also embraced and adapted the ingenuity and extensively tested techniques of
Austrian, Sepp Holzer. Their permaculture approaches, though separated
geographically, were bound by their common principles, constituting Permaculture as
we know it now.

12

Permaculture bridges traditional cultures and
emergent environmentally conscious
technologies without displacing the science in
the discipline. At the core, Permaculture is
inspired by the whole-system thinking of
eastern philosophy and it values the thousand-
year-old knowledge of indigenous science that
allowed aboriginal people to thrive in harmony
with nature for millennia. In Bill Mollison’s
book, Permaculture, A Designer’s Manual, he
elucidated how one can find deep learning
from the philosophy and wisdom of the
American and Australian aboriginal people.(7)

"Fig. 2, Life (according the aboriginal people of
Australia) is a totality neither created nor

destroyed. It can be imagined as an egg from
which all tribes (life forms) issue and to which all

return; Permaculture One
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For purposes of examples, some of the disciplines or concepts that permaculture
enfolded in its practice or are   natural  fit to its field include, though not limited to
the following:  

Sociocracy, defined as “a system of governance which seeks to create harmonious
social environments and productive organisations”(8) is embraced in Permaculture
simply because it synthesises with and adheres to the permaculture views.  

In the field of education, for example, many permaculturists endorse the Montessori
and Waldorf kind of schooling recognising their more holistic learning approach.
Other permaculture  paractitioners  take on holistic learning as predicated  by 
John  Dewey’s vision, while others welcome the constructivists' education
philosophy.  

Biomimicry, which also takes the idea of learning from nature shares the same
thinking as permaculture. Its renowned proponent, “Janine Benysus, in her ground-
breaking book Biomimicry, (she) acknowledged Permaculture as a way to create food
forests by mimicking the workings of the natural forest…She had predicted Nature
would be a powerful educational model.” (9) 

Without a doubt, the emerging concept of federal job guarantee advanced by
Pavlina Tcherneva, a proponent of Modern Monetary Theory, would also find support
from some permaculture advocates. This proposed economic policy could very well
be perceived as the necessitated revolutionary response to the severe and staggering
socio-economic problems in the post-Covid 19 era.

There are many more concepts that are not original or exclusive to Permaculture that
can be recognised as one unravels the depth of permaculture as a linking science.
And it is this non-rigid evolutionary quality of Permaculture that makes itself resilient
and extensive in use and application. An attempt to define permaculture will only
limit its essence. Depending on which viewpoint it is regarded or the purpose it is
intended, the multifaceted nature of permaculture translates itself as a science,
philosophy, art, movement or a lifestyle.
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The Science of Permaculture 
For over five decades as applied science, Permaculture has rigorously employed
systematic approach in its search to understand the natural world through thoughtful
observations and developing expertise through practical experiments in the design of
thousands of applied uses and practices by permaculture practitioners from around
the world. A 2018 evaluation on the role of Permaculture in agroecology scrutinised
the twelve principles of Permaculture as an agroecological science and
acknowledged that their research “has shown that there is scientific evidence for all
twelve principles introduced by David Holmgren.”(10)  

The global conversation on climate change  recognised   the  inescapable dialogue
between east-west science in order to reach a broader perspective in mitigating
climate change. In the 2016 UN  COP22, series of discussions have opened up to
solutions that indigenous knowledge can offer to tackle climate change.(11) With
permaculture having been at the forefront of valuing indigenous science, this
acknowledgement of eastern science in the UN positions permaculture as an impetus
for genuine transformation towards a more holistic approach to address climate
change.
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Permaculture design is the core framework of permaculture and is based on a whole-
systems-approach that aims for the most optimal relative positioning of each
element, where the basic needs of all its components had to be factored. 

Fig. 3,

1.2. Permaculture Design
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 Zones are configured in the design using spatial reasoning strategies in analysing
the environment being mapped out as well as all its parts. They are decided based on
the objective of the design and the natural components affecting the area (climate,
location, locally available resources, among others) ensuring the most functional use
of the space. A practical and self-regulating design positions the parts in such a way
that each serves the needs and accepts the products of others. (12)  

A favourite example in Permaculture Design Course is the chicken connection.

Fig. 4, abundantpermaculture.com

 As one can learn in a permaculture design course (PDC), the simplified chain of good
design in a sophisticated living environment ought to produce these results:
Interactive diversity leads to stability -> Stability results in fertility ->Fertility yields
productivity ->Productivity brings about a sustainable economy -> Sustainable
economy builds sustainable, interactive community<=>Resilience or permanence in
culture results from interactivity. 

Good permaculture design is one that attains balance and complementarity between
the needs of all its parts to offer continuity, self-perpetuation, and greater resilience.
Resilience is taken in the context of the ability of an ecosystem to resist and recover
from a shock.



This project has been funded with support from the European Commission. Its content
and material reflects only the views of the authors, and the Commission cannot be
held responsible for any use which may be made of the information contained therein.

16

The following define sustainable functional design:

 
Source: Permaculture PDC Course & David Holmgren’s The Essence of Permaculture
booklet.  
At the heart of permaculture design are its three universal ethics and twelve
principles, all working together for the harmonious integration of human
societies between them and into their environment.

Chaos and disorder occur when resources are added beyond the capacity of
the system to productively use them. 
Pollution is an over-abundance of a resource: Pollution is products not used
by any element in the system.
A resource is an energy storage which assists yield.  
Yield is the number of useful energy conserved, stored or generated within
the system 
Diversity is not about stacking diverse elements in a system, but rather the
number of useful connections made between those elements

1.3. The Ethics and Principles of Permaculture  
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 These principles of permaculture
design are still often associated as
design protocols for land-based
models. However, this is a limiting
perspective since they are
pertinent to many other fields and
are now applied in expanding
number of natural and social
structures - business, education,
regenerative urban design,
construction, human ecology, etc.

17

The three ethics consist of Earth
care, People Care & Fair Share.

Fig. 5,Permaculture Ethics & Principles,
makingpermaculturestronger.net 

Fig. 5, danoportfolio.weebly.com 
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 David Holmgren explains that “…permaculture is evolving by progressive application
of principles to the integration of (the) seven domains necessary to sustain humanity
through energy decent”. (13)

Land and Nature Stewardship, Building and Tools and Technology were what
constituted the focus of Permaculture at the start. However, it has become apparent
that the four other spheres are inherently interwoven with the first three. The
dysfunction of one leads to the failure of the whole, and that whole is our collective
human culture. Holmgren stresses the need for the radical transformation of these
seven domains to attain a sustainable and socially just society.(14)

18

Fig. 6, The Permaculture Flower,
permacultureproductions.com

 What triggered environmental movements in the 60s and the 70s cannot be pointed
to one single source but what is certain is that environmental concerns did not begin
during those decades. While scientists are still debating at which point human-
induced environmental changes influenced the climate, the scale on which climate
change takes place at this time is undoubtedly much more significant than before.
The solutions that permaculture offer have been in existence for decades. 

1.4. The Permaculture Flower

1.5. Permaculture and the Ecological Concerns



This project has been funded with support from the European Commission. Its content
and material reflects only the views of the authors, and the Commission cannot be
held responsible for any use which may be made of the information contained therein.

When Permaculture emerged in the ’70s, it offered clear-cut solutions to respond
responsibly to the ecological disaster that was bound to threaten human life.
Reconciliation with nature by conscious use of the natural resources has always been
in the permaculture practice, underlining that change cannot happen by finger-
pointing, but instead, in regaining our role as stewards of the earth. The outcry of the
environmental movements in the ’60s and the ’70s, albeit met by policymakers the
world over with some ecological legislation, has not ended the alarming problem of
climate change. On the contrary, the aggravation in the impact of human activities on
the planet is felt more each day. Deforestation, soil erosions, massive changes in land
use, changes in landscapes, end of fossil fuel, the impact of mining, changing
population densities, changing disease patterns, extinction of species, livestock
diseases, drastic flora and fauna changes on a worldwide scale, pollution, are cited
here to stress that this list is long but not exhaustive. Overwhelmed to face up and
address these mounting concerns, many perceive them with a malaise that leads to a
depressing sense of resignation and abandon. But this should not be the case
because human ingenuity is never lacking with solutions. The solutions available are
not exclusive to Permaculture, hundreds are proposed and tested on small scales
globally. What makes permaculture comprehensive in the solution it offers is in its
holistic methodology where people are the only critical resource needed by people.
When our youth march in the streets to clamour for change, they have to learn to live
with the fact that change has to start from each one of us, and they included.
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 Permaculture recognises that education is an integral part of the human culture that
needs to be viewed from the lens of its three ethical foundations- people care, earth
care, and fair share. These ethics, when applied to education, will develop earnest
and ethical life-long learners, who will be self-reliant and not alienated from their
natural environment. They will be capable of building a community with shared
values, working together for their sustainability existence. Today, Permaculture is
taught either as permaculture course outside of mainstream education or an optional
summer activity. When brought into regular schools, it is limited to the design of a
school garden and with its broad concept introduced only in bits and pieces. In more
ecologically advanced schools Permaculture has been used in science classes to
deepen the students’ environmental understanding and commitment. 

1.6. Permaculture in Education
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 Permaculture at the fore is a thinking tool. Its design principles serve as toolkits of
strategies and techniques that can be highly useful to educators in crafting a new
pedagogy that is regenerative, productive and adaptable to the needs of every
student. It could usher to the front a pedagogy that has the potential to bring out the
most in every student thereby breeding 21stcentury citizens who would be holistic
thinkers, innately creative, solution-oriented, critical-thinkers.

The standardised education system prevalent in schools around the world, including
those in Europe has been facing constant criticism for years now, and a chorus of
demand for radical change is coming from all fronts. One of its famous and highly
respected critics, Sir Ken Robinson, an educator and a researcher, emphasises in his
widely viewed Ted Talk, that “standardised testing is based on the misplaced notion
that children are standardisable.” He points out that “… we’re all born with profound
natural capacities for creativity, and systems of mass education tend to suppress
them” because it fails to uphold the uniqueness in every child. (15) 

The permaculture methodology espouses an individualised way of learning according
to the child’s needs and his living environment. With its approach that draws
inspiration from the natural ecosystem, the education of a child can be compared to
the nurturing of a plant.

20

Fig. 6, Child with magnifying glass..., https://www.nrcm.org

Nature's book
always contains the
truth; we must only

learn to read it.
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Every plant has its own needs, different from that of another plant. Its unique role
and critical value in the ecosystem where it thrives, contribute to the functioning of
that ecosystem. Therefore, it needs to grow in the right optimal environment to
ensure its productivity in maturity.  

Another criticism in the current mainstream education is that it is mostly isolated
from its ecological, social and economic context. A simplistic attempt to correlate
how Permaculture can address this problem brings us to a quick recall of its
fundamental ethical principles: people care, earth care and fair share. These ethics
and holistic approach, when applied to education, assure connectedness and
inclusivity in the learning environment. Work in psychology and neuroscience has
brought to light the critical importance of ecological literacy in the education of a
child. Writer and educator, David Orr, pounds on the crucial importance of a child’s
healthy relationship with the earth that the absence of such is fundamentally
crippling to their development. (16) Working with nature, observing and learning
from the natural systems are among the essential precepts of Permaculture. Direct
authentic experience in communing with the environment is irreplaceable by tons of
textbook or googled second-hand information.

Permaculture in the learning of STEAM, can offer a transformative learning process to
both the educator and the students. When used as conceptual framework for the
development of a regenerative pedagogy, its applicability and adaptability to local
resources, climate and cultural context leave a lot of room for human creativity &
innovation.

21
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by the Polish Farm Advisory - Poland 
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 Science, Technology, Engineering and Mathematics make up STEM. They are the four
disciplines widely perceived as most essential in preparing students for the twenty-
first century competencies. The STEM theory is anchored on the idea that the future
knowledge-based economies will heavily rely on skills that are well versed of these
four disciplines, hence, they are considered as the key drivers that will assure the
competitiveness and prosperity of nations in the future. STEM curriculum attempts to
integrate the four subjects to provide students a better and more-in-depth
understanding and appreciation of their interrelations. It is tacitly recognised that the
traditional teaching method where each discipline is taught independent of each
other is not effective enough in teaching these subjects, resulting in the faltering
interest of the young generation that consequently risks a shortfall in STEM skilled
workforce. STEM education is, therefore, the cohesive learning of these four fields
approached in an interdisciplinary way, reinforced by hands-on and project-based
methods where theories & models learned are applied to practical projects in real-
world context. (17)

23

2. STEM

 The STEM acronym was first introduced in the U.S. in 2001. Several reports
published at that time, concurred the correlation between economic progress,
science and technology-based jobs and the role of innovation in resolving societal
problems. (18) The U.S. came up with reforms on federal levels for long-term support
on education and research by emphasising science & technology, to augment
America’s talent pool. The disadvantaged ranking of U.S. students in international
standard science tests further confirmed the need for educational reforms. The
growing workforce gap at that time catapulted the STEM education movement in the
U.S. (19)  The succeeding two decades saw the spread of STEM theory all over the
world in both the developing and developed countries. Concurrently, many countries
in Europe have also adopted individually the STEM theory as their blueprint for a
guaranteed economic future, henceforth collectively, the European Community has
taken the same roadmap. STEM education was also upheld as the embedding
solution to assure Europe’s preparedness for the science and technology-led future.
Similar concerns over the below-average performances of students in the PISA scores
in math and science of some European countries and the slowing number of
enrolments and graduates in these disciplines gravitated focus in promoting STEM
education. 

2.1.  STEM Background
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 While this acronym has become a byword in industries, the global academic, and
national policy scenes,  the actual implementation of STEM education remains to be
a challenge. Teachers from around the world still grapple on how to put STEM theory
in practice and how to define STEM education within the context of the students, the
schools, the institutions and national conditions within which they operate. Every
country that joined the STEM bandwagon introduced varying degrees of reforms in
their education system and consequently, their own interpretation of STEM is
reflected in these reforms and national policies.

In European countries, STEM teaching was still pretty much associated to science
teaching and there is a vacuum in a shared ground of understanding of what STEM
education is. (21) This situation is mostly attributed to the ambiguity in the
interpretation of STEM curricula and the absence of a practical framework. 
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2.2.  The STEM Education in Practice 

Fig.  7, STEM Education, https://www.freepik.com/vectors/stem-educationext

Education, policy-makers and industry leaders worked together to form bodies and
agencies, such as Scientix, inGenious and STEM Alliance Europe to develop strategies
to transition the existing education system to STEM education. (20) STEM education
is supposed to groom the young generation to be STEM literate citizens. These STEM
minds in turn are expected to offer innovative solutions to address the many societal
challenges ahead, including the depletion of natural resources, climate-related
concerns and an endless list that continuously grow each day.
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STEM education that is focused on the development of STEM curriculum 
STEM education that creates programs to enhance the single-subject approach
but reinforcing STEM through improved approach per subject 
STEM education that implements both the integrative STEM approach and
through STEM specific courses. The recognition of the need of an early influence
of STEM in the child brought  focus on student levels that covers a child’s
education from about five to eighteen years of age.(24)

According to educationists, this is rooted to the fact that the four STEM disciplines
are epistemologically independent, hence in the evolution of pedagogy, they have
been approached discretely from one another. (22) However, in actual applications as
with the numerous advancements in science, technology, engineering, and
mathematics, these disciplines have been used in combination of one with another.
(23) There emerged three dominant translation of STEM education applied in
different countries. In the study reported during the PATT-28 conference in 2014, the
distinction in the definition of STEM education are: 
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Fig.  8, https://www.eesc.europa.eu/en/news-media/press-
releases/skills-mismatches-eu-businesses-are-losing-

millions-and-will-be-losing-even-more

These three ways of implementing
STEM education are applied in
varying degrees in most European
countries. According to the
December 2018 Scientix report, the
prevalence of traditional teaching
methods in many European schools
and the exam-based evaluation
contribute to the sluggish transition
to STEM curriculum. The absence of
pedagogical models coupled by the
lack of properly trained educators,
punctuated by inadequacy of
equipment all contributed to the
setbacks.(25)
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2.3. Theoretical Frameworks for STEM Pedagogy

Nowadays there are a number of learning theories proposed by educationist from
around the world to help facilitate the operationalisation of STEM education.
Constructivism and Constructionism are heading the way favouring the learner’s
experience during learning. Some of these theories of learning are cited below. The
popular direction is heading towards the learner to experience learning in a self-
directed environment to get a good “feel” for the discovery as opposed to the
consumption path to new knowledge.   

Authentic learning
Authentic learning pertains to “a wide variety of educational and instructional
techniques focused on connecting what students are taught in school to real-world
issues, problems, and applications.” (26) It is rooted in the idea that to motivate and
interest students, they have to find meaning in what they learn by relating the
relevance in their lives or to life in general outside of school or “learn by doing”.(27).
It is project-based, learning by doing technique based on primary information as
opposed to textbook dependency, to ensure that what is learned is understood and
related to real life applications. An example cited in the edglossary.org: the teaching
of scientific methods can be approached by inviting the students to develop
hypotheses on how ecosystems work not from textbook reading or research rather by
primary observation of the natural world. It is not grade oriented but result-oriented.
As a theoretical framework for STEM education, authentic learning proponents
propose the use of models and modelling that can be adapted to specific context.
(28)

Constructionism
Constructionism is the use of mental model in learning where learners naturally use
information they already know to acquire more knowledge. It is in the stacking and
growth of knowledge and their application through measuring, making and
diagnosing to make something where learning happens. Often engaging all the
senses, constructing these mental models along with discovering new knowledge
allow the learners to understand the world around them. It is an experiential learning
and therefore project-based. Constructionist theorists argue that learning happens
most effectively when people are active in making tangible objects in the real world.
(29)
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Constructivist Learning
Constructivism is a student-centred learning approach where students take active
participation in the learning process and the teacher is tasked to create an
environment to stimulate this. It posits that people intrinsically construct or build
their knowledge actively and they determine their reality by such experiences. (30)
Since pre-existing concepts and ideas are important as a base in building further
learning, the teacher has to ensure that he/she has a good understanding of every
student’s prior knowledge.(31). Constructivism promotes active learning as opposed
to rote memorisation or passive learning and it is of great significance in the learning
process for the students to see the relevance of learning to their life. In constructivist
theory, STEM integration should be more inquiry and problem-based method. To
deepen the understanding of STEM through contextualisation, the students will be
able to have a profound understanding of the four disciplines by seeing them from a
social and cultural context. It recognises that connecting two or more STEM
disciplines can enhance student learning. Within the constructivism approach,
teacher and student share authority.

Deep Learning [32]
Ron Berger, a proponent of Deep Learning, describes deep learning as the
combination of knowledge and skills learned coupled with a mastery of
communication skills and the ability to work collaboratively that will effectively help
the student manage their lives for higher education and beyond.[33] Deep learning is
an approach that underpins the importance of the student’s cognitive skills - the
ability to analyse, unify, solve problems, and to think meta-cognitively - in building
lasting knowledge and in improving the student’s attitude to learning. This approach
encourages the student to synthesise new ideas with old knowledge and with critical
thinking use such newly integrated idea in problem-solving when exposed to new
challenges and unfamiliar circumstances. Through this process of learning, there is “a
sustained, substantial, and positive influence on the way students act, think, or
feel.”[34]
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Constructivist Learning
The “Six Powerful Strategies For Deeper Learning In Your Classroom” as proposed by
Dr. Monica R. Martinez are about inspiring students to care about each other in order
to build connection between them. She espouses the need to help students to
contextualise by letting them see the interconnectedness of concepts and linking
them to societal and human themes. Offering meaningful learning by allowing
students to see what they learn in the context of actual life and obtaining knowledge
outside of the classrooms open the students to holistic learning. Also, key to deeper
learning is recognising the individual gift of every student to personalise their
learning experiences. The use of technology as a tool to enhance learning should not
curtail the natural process of learning.[36] 

Dewey inspired learning
The Dewey education is based on learning by doing approach. What the students
learn should lead them to obtaining results such that they will find learning to be
useful and rewarding. Education, according to Dewey, should equip students to take
a full active part in shaping their society.[35] Proponents of STEAM have often
resorted to the Dewey philosophy to advancing the importance of Arts in the STEM
education. STEAM education was to offer a more holistic approach to STEM,
integrating the vital creative and aesthetic dimension in learning.

28

Fig. 9, Deep Learning by Dr. M.R. Martinez, https://www.teachthought.com/t
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S T E M  to S T E A M
Science - Technology - Engineering - Arts - Mathematics
by  Trànsit Projectes 
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2.4.  S T E M   to  S T E A M

The addition of A in the acronym renders to Art its proper place in the STEM
equation. Advocates of STEAM often quotes Leonardo da Vinci to bring their message
across in the inevitability of STEAM for a more genuine reform in education: The Art
in STEAM fosters creative thinking and design skills in the learning and application
of the hard disciplines (of science and mathematic) thereby putting into perspective
that there exist several ways to look at a problem. A very important value imprinted
in STEAM education is the freedom of creativity and the beauty of combining
different things to create something that is both visually attractive and works as
intended. Within the context of experiential learning, STEAM opens the students into
the process of self-discovery thereby enabling them to find creative solutions.
STEAM advocates further argue that the inclusion of liberal arts can bring the social
and ethical aspect in the minds of the thinker.[37] 

Here is how STEAM spells out in a more integrated learning approach: 

Science is the analytic way of looking at problems, figuring out solutions according
to the inner/organic functioning by experimenting or studying the subject in detail.
In STEAM, Science looks into the “How does it work?” question. 
Technology in STEAM education values the digital world we live in and the existing
technologies that enhance understanding of the different disciplines. It incites
students to learn the language of computers, to program or even construct a robot,
to utilize 3D technologies to depict animal interactions in the wild, to create visually
artistic and scientifically correct videos. 
Engineering is present in every aspect of our life’s. We have disciplines like computer
engineering, civil engineering, chemical, mechanical, electrical, agricultural,
industrial and so on. In STEAM education, this engineering skills are developed
through various hands-on activities where the students can merge both math and
science to design, create, turn ideas to reality using different materials and tools.
This technique allows them to discover how things work, how to build or fix them. 
Art in STEAM projects put into perspective that there are several ways to look at a
problem. It induces the creative-thinking in the students and stimulate them to combine
artistic methods with more technical projects that may seem difficult at first but gets
motivating as they get to mix ideas up with a range of solutions and  perspectives. This is
the key that can usher young minds to artistic innovation, new design ways in engineering
and so on. 
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A very important value imprinted in STEAM education is the freedom of creativity and
the beauty of combining different things to create something that is both visually
attractive and works as intended. Mathematics in STEAM teaching allows precise and
effective ways to solve day-to-day problems and expands the students’ power of
reasoning. Students learn to combine mathematics and arts to make beautiful
visualizations, sculptures, art installations and use mathematics in a compendium of
different areas; after all, math is a base discipline.

In the natural world art has always coexisted with math and science. In the structural
world, the essence of Art is indisputable. Engineering and architecture without
design, technology without aesthetic appeal would not find much success. This quote
from an article in the Guardian offer an example of the role of art in technology: “This
is one reason why Apple products are favoured by those who work in the arts and
humanities – they look great. The other reason, of course, is that they are damn easy to
use. But it is the aesthetic originality of Apple that has reshaped the way we live in the
modern world.”[38] STEAM education cultivates life-skills such as communication,
collaboration, critical thinking and problem-solving. At the core, these skills are what
will prepare children for the future which we can’t predict today.[39] The role of
technology in amplifying human capacity has completely redefined our lives. With
the young generation hardwired to function with tech-gadgets, the use of technology
in education has become a requisite. In many schools that favour STEAM education,
the use of digital technology is intertwined into their teaching programmes.
Advanced technology adapted to the learning objectives and needs of students are
used in approaching an integrated STEAM education grooming the students to be
responsible digital citizens.
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Fig. 10, Kid with iPad, Canva Free Photo 
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To date, the transition of STEM education to STEAM is still widely debated. In
permaculture design all STEAM disciplines are called for. Technology, for one, has
become instrumental in facilitating the design process using specially configured
digital tools. When permaculture thinking is interwoven into STEAM education, the
learning experience of the student can be transformative. 

This project is called LivingSTEM to aptly describe the organic process in learning
and to present how Permaculture, a living science, can help create the environment
for such conscious and conscientious learning to take place.  We support the idea
that STEAM education is a more holistic in approach in preparing the students now
for the uncertain future ahead.
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3.1. Background
STEM education was initially introduced in the traditional or formal education
structures by way of reforms with the introduction of the STEM curricula. The
ultimate goal was to develop a pool of talents who are STEM competent, a workforce
that is STEM skilled and to build a society of STEM literate citizens-  to ensure the
prosperity of a nation for the anticipated twentieth century that is science and
technology led. 

The reforms in the monolithic formal education structure introduced in the past
twenty years to accommodate STEM education still fall short of the European goals
to attract more students in the STEM field, reduce the deficiencies in STEM
competencies and increase the interests from female students.[40] Workforce gap
still prevails and there is a manifest difficulty for STEM graduates to meet the actual
STEM skills needed and end up in non-core STEM sectors.[41] The digital technology
that has revolutionised the working ways of people in the various economic sectors
continues to experience unmatched workforce needs.[42] 

Empirical evidences indicate that the effective implementation of STEM or STEAM
education has leaned more in favour of the teaching techniques found in non-formal
and informal education. European policies acknowledged “the need for creative and
innovative formal and informal science education teaching and learning”.[43].
Trainings to familiarise teachers and educators with these non-formal and informal
methods to encourage their use and application in the classroom setting have gone
from mere nascent ideas to established approaches.  

Non-formal education (NFE) pertains to education that takes place outside the
established educational institutions. In some countries, NFE covers community, adult,
life-long and second-chance education as well as home-based learnings.[44]  In NFE
the objectives of learning are viewed from the learner’s point of view which render
the learning more effective and enticing to the students.[45]. NFE offers learning
practices and techniques which are normally not included in the formal system of
education. 

3. Non-formal & Informal Education
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A quick look at these techniques will remind us of the common denominator of the
STEM education was initially introduced in the traditional or formal education
structures by way of reforms with the introduction of the STEM curricula. The
ultimate goal was to develop a pool of talents who are STEM competent, a workforce
that is STEM skilled and to build a society of STEM literate citizens-  to ensure the
prosperity of a nation for the anticipated twentieth century that is science and
technology led. 

The reforms in the monolithic formal education structure introduced in the past
twenty years to accommodate STEM education still fall short of the European goals
to attract more students in the STEM field, reduce the deficiencies in STEM
competencies and increase the interests from female students.[40] Workforce gap
still prevails and there is a manifest difficulty for STEM graduates to meet the actual
STEM skills needed and end up in non-core STEM sectors.[41] The digital technology
that has revolutionised the working ways of people in the various economic sectors
continues to experience unmatched workforce needs.[42] 

Empirical evidences indicate that the effective implementation of STEM or STEAM
education has leaned more in favour of the teaching techniques found in non-formal
and informal education. European policies acknowledged “the need for creative and
innovative formal and informal science education teaching and learning”.[43].
Trainings to familiarise teachers and educators with these non-formal and informal
methods to encourage their use and application in the classroom setting have gone
from mere nascent ideas to established approaches.  

Non-formal education (NFE) pertains to education that takes place outside the
established educational institutions. In some countries, NFE covers community, adult,
life-long and second-chance education as well as home-based learnings.[44]  In NFE
the objectives of learning are viewed from the learner’s point of view which render
the learning more effective and enticing to the students.[45]. NFE offers learning
practices and techniques which are normally not included in the formal system of
education. A quick look at these techniques will remind us of the common
denominator of the different learning theories that educationists emphasise to be
essential in enhancing one’s learning experience:
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Informal education, on the other hand, is equated to lifelong learning whereby the
individual’s knowledge, skills as well one’s attitude are derived from her/his
environment –starting from her/his family, the community s/he lives and her/his
workplace. The individual’s daily experiences, play, mass and social media and other
potential sources of information are recognised to be part of one’s continuous
learning process.[46] It includes learning that an individual undertakes for
her/himself such as research on topics that draws our interest. Informal learning is
also finding its presence both in the non-formal and formal education setting like in
the use of films, podcasts or internet, student led discussion, students use of their
biography and self-learning to complete a project, work based learning or practical
placement where learning is done outside of the classroom/lecture theatre.[47]

By personal experience, we can draw up our own assessment of the values of non-
formal-education, as well as the profound learning experiences we obtain from
informal education.  Magnifying the advantages of both non-formal and informal
approaches to learning escalated interest in these approaches from all sectors, taking
them as additional keys to accelerate the progress of STEM education.

As established earlier, EU has started to fuel more support to  non-formal and
informal education, not only by recognising the growing importance in their roles in
the over-all education needs of a person but also by pushing the use of their
teaching techniques in conventional or formal education. 

3.2. The Advantages of Non-formal and Informal Techniques for 
STE(A)M Education
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Flexibility and malleability in approach to retain the student’s interest. 
The practical use of the student’s learning also contributes to the motivation,
which would hopefully address the challenges to attract more STEM students.
Non-formal education is learner-centred. Whether in education or any situations
in life, when the needs and interest of the person, are taken into consideration,
one’s own volition and motivation naturally yield favourable results. 
It does not have the punitive and authority-based style of traditional education
that give formal education a less agreeable environment.  Assessments have a
punitive, obeying and mono-directional methodology, and this fails to stimulate
the students.[49]
Common among the different learning disciplines found to be effective for STEM
education is the role of the teacher where shared authority is favoured. Both non-
formal and informal education are environment-based, community-related. When
applied to STE(A)M education, a meaningful and holistic learning is achieved.
Formal or mainstream education adapts a curriculum, often standardised, and the
students progress are measured by standardised tests. Many argue that this
encourages rote memorisation which does not hold a lasting retention effect to
the learner.  In the Scientix STEM Practices –Education Europe report, it was
observed that although the majority of educators expressed openness to STEM
education, the exigence of traditional standard and required testing prevailing in
the conventional system poses an impediment in the transition to STEM
curriculum.[50]

The following are some of the features of NFE that renders it practical and often
more motivating than the conventional and rather outdated approaches in formal or
mainstream education[48]:
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Fig. 11, Peer  learning outdoors, photo courtesy of Cochon des Bois 
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Recognising the critical contribution of informal education in a person’s learning
experiences, the opportunities to inculcate STEM outside of school are drawing a lot
of interest from policy-makers, education ministries, educators, industries and other
sectors.  Below are just among the few of the areas that have been used to
complement the STEM learning through the communication of STEM messages in the
life of students to extend learning outside of the school: exhibitions, competitions,
performances, museums, after-school clubs, maker spaces, libraries, parks, science
centres, cultural centres, botanical gardens, zoos, etc.[51]

STEM teaching in schools adapt informal education through discussion-based
learning, use of tv reports, videos and podcasts, field trips, gardening, and a whole
array of other activities. Experiments show that informal learning is socio-
emotionally rich and it offers intellectual primary experience with STEM. The
students are also observed to arrive at drawing explicit connections across settings
and the interests are enhanced.[52] Attempts to measure the outcome and actual
enhancing capacity of informal education are faced with challenges due to the
tentative and cumulative nature of this form of learning. What surfaces in the debate
of their effectiveness is the importance of embracing the fact that some learning
outcomes do not or are not meant to fit the narrow measures of knowledge and
skills, for they include interest, leveraged engagement, and identity‐building of an
individual.[53]

3.3.  Informal & STEM Education

3.4. Emerging Methodologies in Non-formal & Informal Education

To expand the learning environment through NFE and to support personalised
learning, EU education ministries mostly followed the path of Constructivist
pedagogical model along with ICT technologies.[54]  In some European countries,
young students are provided with their own tablets for a tech-reinforced learning.
There are also attempts to use augmented reality employing games and the virtual
world to extend learning through informal education, making Tech –companies busy
developing exciting STEM games to meet this purpose. The following are among the
learning/teaching methodologies that are gaining attention and widespread use:
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Scaffolding Learning
This instructional approach is participant-cantered and tends to facilitate more
efficient learning than teacher-centred learning. Concepts and skills are introduced
from which learning is supported by modelling a task, giving advice, and/or providing
mentoring. This learning process promotes a deeper level of learning. 
Peer Learning and Mentoring
Peer mentors are mostly picked for their sensibility, confidence, social skills and
reliability. They then provide help and team support to individuals. The peer mentor
may challenge the mentees with new ideas (based on their experience), and push
them beyond their comfort limits. Technology innovation supports the learning
process.     Team work learning
Team-work banks on the collective intelligence where two heads are better than one.
The teamwork fosters creativity and learning. Combining unique perspectives from
each team member creates more effective selling solutions and blends
complementary strengths. Building trust is fostered to preserve a team from
collapsing and without the team cannot succeed on assigned projects. It also teaches
conflict resolution skills. Promotes a wider sense of respect of their contributions.
Encourages healthy risk-taking. 
Concept design / Design Thinking / prototyping
This is about design thinking- taking a step-by-step process in the creation of
projects, models, prototypes. Asking questions and visualising results, predicting and
thinking about them in a way to improve the project.  

Non-formal and informal teaching techniques are effectively employed in
permaculture, since permaculture Design Course is taught in non-formal setting, in
an application-based and flexible learning structure. As one immerses in the science
of permaculture, the evidence of the highly appraised teaching methodologies in NFE
as mentioned above will become apparent. Scaffolding learning, for example is a
natural process in permaculture design. Team-work and peer-learning are also
integral to permaculture, as substantiated by the presence of open-sources in the
world-web and the open exchange of information and support from the global
community of permaculturists.
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4. Permaculture in STEM Pedagogy
Permaculture design has seen success in fields outside of landscape, agriculture or
gardens. It has proven its usefulness in building designs, villages and urban design,
energy and waste-water systems as well as in invisible structures like businesses,
decision-making processes or the design of school curricula. In the field of education,
permaculture does not endorse one single theory of learning but can support and work
well with any or multiple of them.

Fig. 12, Learning Landscapes & Empowering Children, 
https://hilltownfamilies.wordpress.com/2015/05/11 

Introducing the concept of permaculture and its relevance in holistic learning, 
Providing an overview of its principles, techniques and strategies and some ideas on
how they can be applied in the STEM curriculum, 
Putting forward the self-empowering, collaborative, inclusive and solution-based
nature of permaculture thinking, 
While leaving the decision entirely to the user as to how and when to apply the
permaculture principles because a diversity of interpretation is always preferred over
standardisation.

In this chapter, we will present a few of the tools from the permaculture toolbox that
can be useful for STEM educators. This Manual is neither an introductory course to
permaculture design nor a new curriculum. Our purpose is to provide a conceptual base
in applying permaculture in STEM education by:
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4.1. Permaculture - A linking science
Permaculture applies methodology from a broad range of disciplines, techniques and
strategies that are linked together in alignment to the ethics and principles it upholds.
Most of these techniques and methodologies are not exclusive to permaculture.[55]  The
core principles and practices of permaculture are profoundly inspired by indigenous
knowledge around the world. Permaculture discipline also successfully employs a
harmonious combination of indigenous and modern quantum science together with
sustainable new technology. [56]

As a design system, permaculture attempts to integrate natural, fabricated, spatial,
temporal, social and ethical parts or components to achieve a functional whole.
Integration is not focused on the elements themselves but in the relationship between
them, how they operate to assist each other. It is in the arrangement of the parts that the
design will find its being and purpose, and it is the adoption of an object that decides
the direction the design will take. It concurs Aristotle’s theory that “the whole is greater
than the sum of its parts”. The concept of modelling from nature gives permaculture its
universality. Its design approach that combines adapted, borrowed and unique ideas not
only make is open and flexible but also intuitive and accessible.

4.2. Design by natural inspiration 
In permaculture design, nature is both the model and the source of wisdom. The
fundamental principle that holds the natural world together can be learned directly by
thoughtful observation. The knowledge that students obtain from textbooks, internet
research or expertise passed on by the teacher, can instead be derived first-hand from
nature her/itself. Distinguished professor and environmentalist, David Orr stresses the
importance of the natural environment as part of education. At the same time, physician
Bruce Bekkar suggests that engagement with nature can restore a more holistic
integration of brain function.[57]. Permaculture in STEM learning will be an excellent
exercise to renew the students’ contact with their environment. Three natural
phenomena are amplified in permaculture design: interconnectedness, multi-
functionality of every component and the interrelationship of the functions in a natural
ecosystem.
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The interconnectedness ubiquitous in and that characterises nature is the source of
its strength. A tactile example to illustrate this is any interwoven object- an
interwoven basket or a fishnet. If one strand is snipped, the connections of the
others will still hold the net together. This interconnection is evident in human
physiology. The function of one organ is reciprocally connected to the other organs
and ultimately, to all the parts of the human organism. It is this interconnectedness
that renders the human body resilient. Every single piece of an ecosystem plays a
significant role. Except for some vital organs such as the heart, when one organ is
removed the human system is still able to function.

Fig. 13, Spiderweb, Free Canva Imaget

Fig. 14, The Human Body, Canva Imaget

As an example, when one loses his
sense of sight, the other senses, such as
hearing, replaces the functions of the
eyes, thereby allowing the continuity of
operation or life. From an
interconnected perspective, STEAM
subjects can be tackled beyond the
epistemology that separates them.

To illustrate this, let’s take the concept of gravity.  If the topic on gravity is introduced to
young students with the anecdote of Newton and the falling apple, it is more likely to
arouse interest. The story-telling will help them grasp, register and retain the
information more readily.
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The concept of gravity can then be further reinforced in subjects such as history,
geography, language, or even from a socio-cultural context. When the students are at
the level to learn gravity from the lenses of hard science, such as physics, the
familiarity with the subject will facilitate the understanding of the more complex
side of it. When then explained from a mathematical point, which is likely to happen
in their higher education, the already existing layers of information about gravity
could facilitate the taking in of further knowledge, with more critical thinking that
develops parallel to the student’s experience. In permaculture, this is called stacking
technique.

Furthermore, the knowledge on “gravity” can be connected to physical education
classes where its actual impact can be analysed. In garden projects and art projects,
the understanding of gravity can be explained even to very young students using the
flow of water as an example.
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Fig. 14, Hmm. I wonder what I weigh, 
strongcoffey.com  Fig. 15, https://artfulparent.com/gravity

-painting-a-steam-art-project-for-kids/

Understanding and appreciating the interconnection allows repetition of the concept but
from different lenses from which it can be understood. This natural phenomenon of
interconnectedness will not only facilitate the interdisciplinary approach to STEAM but
can also be applied as an analytical tool in designing projects. The use of universal
concepts such as those we see in nature triggers a sense of familiarity that is inherent to
an individual. Furthermore, by analysing problems from this thinking tool, complexity is
naturally broken down, making the concept, not only more digestible but also more
fascinating.
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The concept of multifunctionality is also drawn from what we see in nature where
nothing does just one thing. Take, for instance, the stinging nettle, that innocent
plant that we avoid because of the painful irritation it causes to the skin. Little did
we know before that nettle is a hero to many insects, including the colourful
butterflies that adorn our gardens. Nettle contains loads of nutrients beneficial to
man. A long time ago, it was even used to make linen. It is a nitrogen fixer, so it
enriches the soil. It is a soil indicator - where nettles are; it follows that the soil is
rich in phosphate and nitrogen. It is a companion plant for tomatoes and broccoli. It
makes other herbs more potent. Nettle accelerates composting and add nutrients to
our compost pile. When we realise the multi-functionality of one element and
understand its sustaining roles for the other parts of the system, the challenge is to
create a design where each part is capacitated to play all its functions. When this is
achieved, nature will then do much of the work because the interconnectedness is 
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Fig. 16, Insect Connections, 
https://www.ktshepherdpermaculture.com

enhanced. When nature takes over in a permaculture garden, it translates to fewer
problems and a lusher garden. This concept should make the students ponder on the
possibility that it could have been the natural principle of multi-functionality that
inspired Steve Jobs and his team to alter our perception of telephones - from a single
function device to the multi-functional device as we know it now.
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How can this permaculture tool be brought in a classroom of twenty or so unique
students? Dedicated educators may be already intrinsically incorporating the
usefulness of the idea of multi-functionality in classrooms. Valuing the uniqueness of
every student reveals a pool of information about each one of them- their innate
gifts, their interests, their learning needs or strength, their personalities, experiences,
etc. Such vital information is a valuable tool not only in facilitating learning but also
in harnessing their multi-functional aspect to nurture their learning capacities. The
fidgety student who may be constantly reminded to calm down may actually be the
artistic one or the math geek, whose thinking process involves the need to move
constantly. Learning and focusing on their multifunctional potentials will veer the
educator away from unnecessary and prejudiced labelling of students. Instead, when
we identify the natural skills and gifts of a child, we will be able to use this
information in helping her/his learning process. This information is most useful in
grouping students in projects where complementarity is an asset. In permaculture
design for landscape, multi-functionality is addressed when determining relative
location- whereby the proper placement of elements leads to energy and resources
saving. On a trivial note, had Stephen Hawking’s teachers not factored in his multiple
and innate gifts as a student; had they only focused on his handicap, can you
imagine how much loss it would have been to science and humanity’s understanding
of the world?

The third nature-inspired theory is that each critical function is supported by many
other players. In landscape design, water is the most essential element for its life-
sustaining function. In a permaculture urban design, it is vital to consider the main
water supplies. No matter how beautiful the design is, a neighbourhood without
water spells disaster. In designing a garden, the water sources had to be carefully
analysed. Is the garden close to the water supply? Is there enough rainwater? How
can we capture rainwater and store it? The answers to all these questions are the
elements that will support the functions of water.

Within the context of education, let us take the multifunctional role of the educator -
cultivator of learning, motivator, confidante, creativity stimulator, activity organiser,
cheerleader, mediator, adviser, etc. In a well-functioning permaculture design, these
roles are supported by a very encouraging school organisation, helpful parents,
caring community, supportive government and the dynamic of the students
themselves.
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As a reference for practical analysis in learning STEM through actual applications,
this support between functions can be explained in programming or in the design
of a computer. For the students in higher levels this thinking process can also be
applied in MATH - in the formulation of equations; in different Science fields -
anatomy (human body), biology (ecosystem or behaviours of microorganisms),
technology- design of applications or computer programming, engineering (urban
design or the building of anything), in Arts - history/culture (socio-cultural
organisation in ethical communities); economics, and more. For the younger
students, they can analyse the elements in their household or classroom by
identifying the functions (of the family members, for example) and the relationship
between these functions. The applications are endless because of the universality
of the idea.  

4.3. Permaculture Ethics in STEAM Education 
The A of STEAM is what connects STEM to the historical, societal, political,
philosophical and other aspects of a given problem for the students to arrive at
multiple and creative solutions. The ethics of permaculture, which are central in its
design principles, underpin self-responsibility in the learner. In some schools where
permaculture techniques are already employed, learning by these ethos does not
only foster empathy in the students, but it also offers a more positive outlook for
the future.[58]
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Fig. 17, Observing (the multifunctions of) a Willow Tree,
https://www.ktshepherdpermaculture.com/free-to-use-permaculture-illustrations.html  
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It is of prime importance that while we encourage students to think in terms of
algorithms and other mathematical constructs, holistic learning must not fail to
present the human and ecological aspect of STEM to nurture in the student a deep
sense of responsibility and genuine sensitivity to the socio-ecological cultural and
other consequential impacts of development. It is not to discourage them from
daring with their scientific and innovative pursuits, but to equip them with a holistic
way of designing the future they envision to live.  
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Earth care: 
We share one planet with all other living
beings, and it is our unwritten covenant
with the earth to ensure that how we live
our lives must take into consideration that
what we do warrants its regeneration and
sustenance. Let the students be aware that
part of their (our) mission is to repair,
conserve and regenerate the earth.[59]

Future care/Fair shares: 
When we live our lives responsibly,
we recognise that all living things,
including the generations to come,
possess the same inherent value
and right to a happy and healthy
life. Students ought to be reminded
that generating abundance also
means sharing the earth’s resources
generously and equally with all
beings. Earth Care and People Care
should translate to sustainability
that will guaranty a future for the
next generations.

People care: 
To love and respect one another is the
base of human ethic. People care
means accepting and learning from
the richness of our differences and
recognising our interconnectedness as
one global human society. We all
share the same fundamental human
rights- the right to food, health,
shelter and welfare such as education.
Reminding the students that to seek
and safeguard peace is their (our)
covenant to one another. Living in a
time when classrooms have become
more diverse than ever- socio-
culturally, economically, politically or
by a diversity of learning needs, the
concept of inclusiveness should be
regarded as part of our covenant with
one another.

Fig. 17, Permaculture Ethics,
 https://medium.com/
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In Chapter 1, the twelve principles of permaculture as put together by its co-founder,
David Holmgren, were presented without explanation or examples. The purpose of that
is to avoid limiting the interpretations of and translations from the user. The principles
themselves can be applied in multiple contexts of STEAM subjects. In this chapter, we
will be utilising the four principles of permaculture introduced by Bill Mollison, to offer
some conceptual framework in their applications.  

Principle 1: The problem is the solution. 
Permaculture methodology is solution-based. Permaculturists are trained continuously to
analyse a problem and are then challenged to convert that problem into a solution. The
solution-based approach in learning is coupled with the performing of actual tasks to
achieve results in real-time. The tangible results of a project nurture confidence in the
skills learned. Consequently, this makes students feel empowered because they learn
and practice to be parts of the solutions. 
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4.4. Mollison’s Four Permaculture Principles 
in STEAM Learning
The beauty in permaculture is that it involves active learning. Through the different sets
of principles it offers, the educator can cultivate methodological analysis of problems to
help students device multiple solutions. The educator can introduce the basic
permaculture principles to younger students through classroom or project-based
activities. The more elaborate design process may be taught to students who are already
at higher levels. In either case, the use of a multi-disciplinary approach can be
facilitated.

Fig. 13, Permaculture Learning for Children, 
courtesy of Cochon des Bois 



This project has been funded with support from the European Commission. Its content
and material reflects only the views of the authors, and the Commission cannot be
held responsible for any use which may be made of the information contained therein.

The empowering side of permaculture thinking can offer the student a different outlook in
addressing socio-ecological or socio-cultural problems such as climate change,
immigration issues, racial concerns, food shortages, etc.

Educators are conscious of the fact that students are heavily tuned-in to social media.
Social media are part of the conscious or unconscious life-long learning experience of a
child or a student. Awareness campaigns naturally and consequently use it to reach a
broader audience. But admittedly, to be bombarded by a series of debilitating news often
has adverse impacts. They can either elicit denial and avoidance of the problem or a
feeling of helplessness. This is what makes young people turn their attention elsewhere
when faced with grave social issues. The permaculture thinking that centres on self-
responsibility empower people to search and realise solutions. “Start small, do what you
can and collective change can be achieved”,is a common permaculture motto. As STE(A)M
literacy equips them with necessary knowledge and know-how, permaculture will instil in
them more positive and ethical attitudes. It is the combination of these two that will
prepare students to be the actors of change for the unpredictable technology-led future
ahead.

Sample case:  problems of plastic pollution
Let’s take, for example, the impact of plastics in marine life or the persisting problem of
island-size plastic garbages destroying the wildlife and marine ecosystem. Eco-
consciousness can be approached constructively through STEAM subjects. The
combination of the disciplines supported by permaculture principles should train the
students to finding potential solutions. A concrete approach:For the younger students, a
discussion on their favourite candies or sweets and how they are packed or packaged.
Open discussion on what solutions can they individually contribute to addressing the
issue.
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Fig. 14, Plastic pollution, Free Canva photo 
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A tour in the supermarket and an organic shop with the educator or their parents will
open up their eyes both to the realities of the problems as well as to the solutions
made available. The use of STEAM will be in calculating (math) and comparing
(analysis) the efforts done in the reduction of plastics in packaging between
supermarkets and organic shops. Science lesson can introduce the properties of
recyclable plastics - how plastics can be made from corn invokes the technology
aspect of this. Art projects can be combined with social activities such as collecting
plastics from the street (if this is an issue in the country or the area where they live).
Then, they can be challenged to reuse and recycle plastics by using them for art
projects, such as plastic-filled-plastic-bottles used in construction or garden borders.
Trip to plastic recycling companies can be a source of first-hand knowledge.  

Although the immensity of the problem is there, the students can shift their thinking
towards small, consistent efforts and concrete actions. By exposing them to existing
answers and the efforts of others to solve this concern, the cloud of desperation will
be replaced by an empowered attitude. 

Principle 2: Work with nature rather than against it.
When we work with nature, it always gives back more than what we can ask for. For
someone who gardens, this is easier to comprehend for we see how a tiny little seed
can grow into a plant that bears fruits enough to feed a household. Working with
natureequates to the first ethic of permaculture- earth care. We can come up with a
long list of what this means but what will be a profound exercise with the students
is to have a discussion and exchange in the class on what their individual
interpretation of this statement is.  Non-formal learning techniques such as field
trips in nature or the wild will bring the students closer to the virtue of this adage.
Walking in nature, forest-bathing, which is prescribed by doctors in Japan, park visits,
outdoor games are just among the few settings from where a STEAM lesson plan
wrapped around gamified approaches can be employed. In Math- Patterns in nature
are “mathemagics” for the young minds. Pair forest visit to discovering fractals,
Fibonacci and the Golden Ratio. Samples of activities are found in the gamification
section (Page X) of this Manual. STEM learning from the context of nature can be
through -working with the earth, growing plants, understanding microorganisms and
chemical elements in gardening. This learning approach offers a more lasting impact
than textbook-learned biology or memorising the atomic numbers of nitrogen and
phosphate (which they will discover in gardening) from the periodic table.
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An array of possible permaculture projects can be the springboard to STEAM lessons. If
projects are viewed from the context of current events, the educator can help the
students break down a piece of big ugly news- such as deforestation and the burning of
the Amazon, an act of man which is the exact opposite of working with nature. The
science angle of this, although complex, maybe simplified (CO2, the effect of rainforest
to global warming, etc.) Actual tree-planting will be an invigorating and empowering
activity, and forest walk can likewise complement the learning. The mathematics and
science part can bring the students to the analysis of the numbers and figure: -how much
emission is reduced with the use of public over private transportation or the impact of
carpooling and walking or biking. The subject can be simplified to younger students by
asking them to compare the number of passengers in a car versus on a bus or a train, for
example. 

In the gamification chapter, several games are suggested that can be used to understand
global issues within a fun environment. One of the games “The Web of Biodiversity” is an
excellent way to address the Amazon deforestation to make the students understand
how and why the solutions are closer to home than they may imagine them to be.
Understanding that they can affect solutions, even if the students have little or no notion
of far-away places, will turn fear or helplessness into a more hopeful and conscious
attitude.

52

Fig. 16, Deforestation, Free Canva photo 

Fig. 17, Tree-planting @ the author's backyard 
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Principle 3: Make the least change for the highest possible effect.
This is another empowering principle in permaculture. It is the old and wise
concept of starting small. Not only does it give some room for the learning curve,
but it also pushes one to take on accessible solutions. When learning about
nutrition or teaching calories from the physical science perspective, it is an
opportune way to address the subject of healthy eating habits, food miles and
again food packaging. The concept of eating local or supporting organic local
farmers is a small doable change or even better, planting their favourite vegetable
or growing their favourite berries will reduce food miles without sacrifice. (See the
page on Gamification) of this Manual. Permaculture begins in small scales
encouraging students to take small actions that are doable but with palpable
solutions.  

Principle 4: The yield of a system is theoretically unlimited. 
The practical goal in permaculture is to create designs that self-regulate, just like
natural ecosystems. When students see the generosity of nature through their or
the school garden that they created themselves or by visiting a permaculture or
organic farm, appreciating this principle will come handy. STEAM lessons for
students in lower grades can be integrated through the study of companion plants.
The concept of symbiosis in biology can be learned here, or the lesson on preys
and predators can also be tackled around the garden project. Technology can be
used with applications that identify plants or insects or birds. Mathematics
measures the inputs in the gardening such as hours spent, costs incurred.
Comparing cost to the yield will do a good mathematical exercise. The humanities
in Art can always remind the student to consider the essence of returns that are
not measured by numbers such as the joy of working together, the impact of the
garden to the environment and the favourable consequential effect of organic
gardens and tree planting to mitigate climate change.
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Fig. 18, Making the least possible change,
Source: Youtube channel of Puzzle Raja 
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4.5. Basic Parameters in Permaculture Design
Permaculture design is a multiple-solution approach. The following fundamental
working concepts that offer guidance in permaculture design can be used in different
problem-solving, inquiry-based learning with STEAM. Some reflection points in
various fields are indicated as a basis for group discussions. The students should be
encouraged to come up with different objective-based translations of these working
concepts. In permaculture thinking, a combination of diverse perspectives is
stimulated as it leads to a more global view. 

1) Chaos and disorder occur when resources are added beyond the capacity of the
system to use them productively. 
Agriculture: over-use of pesticides. Chaos/disorder: pollution of air, water, and food
has a disastrous effect on man. Depletion of the soil health, leading to lower yields
and eventually food shortage, as the United Nation warns.
Diet: over or unconscious eating leads to obesity. Chaos/disorder: physical and
mental health problems School: the behaviour of spoiled child/student:
Chaos/disorder: impaired social and other skills.  Too much homework to students.
Chaos/disorder: loss of interest, reduced concentration power and reduced creativity.

2) Pollution is an over-abundance of a resource: 
Pollution is products not used by any element in the system. 
Environment: non-recyclable plastics, too many cars. Food: tonnage of expired
products thrown away by supermarkets. 
School: overload of rote- learning allows only temporarily stored of knowledge
gained but eventually discarded when not used by the student 

3) Diversity is not about stacking diverse elements in a system, but rather the
number of useful connections made between those elements 
Farm/garden: stacking optimises the use of space, but without adequately
considering the right companion plants and needs of the plants in their placement,
pests, over and undergrowth problems are likely to occur
Food: Even if one eats a wide variety of food, if they are empty of calories, they will
not benefit the health of the body
School: A diverse class is richness but concerns arise when the teacher fails to foster
useful relationships and support between students. Collaboration should be
encouraged more than competition.
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The students learn, and the educators educate STE(A)M disciplines with
invigorated interest and motivation through the systemic and holistic approach
of permaculture.
The students and the educators see STEM skills not as a passport to fill in high
paying jobs in the future but as a means to contribute to innovations that are
socially responsible, upholding the three ethics of permaculture that coincide
with the EU Green Deal.
The students, the educators, policy-makers, industries and other stakeholders
begin to include in the education system, the value, richness and necessity of
human diversity reflected in the protection of basic human rights and of all
forms of life.

4) A resource is an energy storage which assists yield 
Farm/garden: water captors, solar panels
School: the students are human resources who will assist in building future
economic prosperity and societal stability
Friends: an excellent example of conceptual resource that brings joy and support to
a person. A good friend supports the other person towards the attainment of her/his
aspiration. 

5) Yield is the number of useful energy conserved, stored or generated within the
system 
Farm/Garden: the harvest is the yieldHuman body: your health can be considered the
product of your lifestyle choices
School: graduates who enrich society in general, not just materially but socially,
artistically, etc.  

How to Effectively Use the Living Stem Manual The Manual offers the reader an
overview of Permaculture in STEAM education. Like any learning, an authentic
understanding of permaculture comes not from the thousands of letters put together
in this Manual but from a real experience of the discipline. Educators interested in
pursuing this path are encouraged to follow a Permaculture Design Course.
Upholding the ethics of permaculture is one big step for advancement. After all, the
best way to teach is by example.

4.6. Permaculture Impact Test 
In order to determine if the permaculture design principles and ethics are applied
correctly, the following can serve as a checklist: 
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The students apply their cognitive learning capacities to envision and build a
socio-economic environment that sustains ecological capabilities inherent in
succession and regeneration, and the educators provide the ambient learning
environment and pedagogy to support this.
The students learn to always consider earth-care, people-care and fair/future-
care in problem-solving tasks the students attain a deep learning and genuine
understanding of the connections between all the parts of the system that it is
in the interconnectedness that a system finds strength and every component of
the system has a role in its functioning.
The students realise that they have the power and the capacity to create the
future they envision and may it be a future that is respectful of the earth,
regenerative and sustainable.

Permaculture Impact Test continued

56



57

Permaculture related
Non-formal and
Informal Activities in
STEM Curriculum

This project has been funded with support from the European Commission. Its content
and material reflects only the views of the authors, and the Commission cannot be
held responsible for any use which may be made of the information contained therein.

by Citizens in Power - Cyprus 



This project has been funded with support from the European Commission. Its content
and material reflects only the views of the authors, and the Commission cannot be
held responsible for any use which may be made of the information contained therein.

58

5. Permaculture related Non-formal and
Informal Activities in STEM Curriculum
This chapter offers ideas and useful materials employing non-formal and informal
approaches for STEM learning while incorporating permaculture thinking. 
    
5.1. Starting point for class activities  
Determine audience: Organiser should bear in mind the age range, the educational level
and the areas of expertise of the students. Within the Living STEM framework, students
10-14 years of age are considered to have the capacity to form notions and/or basic
levels of understanding of the concepts.  
  
Scope of activity: The nature of the activities should be appropriate for the identified age
range and they should be designed in a playful way adapted to the age, in order to
engage students in an active learning process, while they acquire new knowledge at the
same time.  

I5.2. STEM curriculum subjects and Permaculture  
In the Living STEM partner countries, permaculture is not part of the official STEM
curriculum. If at all a student would have an existing notion on permaculture, it is likely
to have been obtained outside the mainstream school. At this point of the preparation, it
is necessary to determine and link the relevant STEM subjects to permaculture and to
the selected activity, and subsequently, examine how they can be taught within a non-
formal setting. Living STEM has developed 18 activities using gamification system to
help teachers in facilitating permaculture-inspired STEM learning. (see pages on
Gamification.)  
  
5.3. Indoor and outdoor activities  
The integration of Permaculture into STEM learning offers the flexibility of setting such
that the activities can be carried out both indoors and outdoors.  
Some examples of knowledge acquired outside the school through non-formal science
learning and Informal Science learning is shown in the table below:
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Educational field-trips have proven to be the most widely used and enjoyed non-
formal approach. To obtain optimal results, it is best to use this activity  
complementary toclassroom learning.[60]. For the Living STEM activities, the
suggested destinations for field trips include, permaculture or organic farms,
permaculture communities or lands, forests, parks or apiculture farm. A visit to a
permaculture farm or meeting a local permaculturist will offer the students a
chance to have a first-hand perspective of the concept. Field trips, altogether offer
students the possibility for primary experiences that enable them to hasten their
observational skills. Meeting a permaculturist or a local organic farmer is an
opportunity for the students to interact with expert/s in the field of interest. This is
an exercise of active learning which helps increase the engagement of the
participants and their interest to the subject, in this case, permaculture and STEAM.    

5.3.1.  Visit to or Immersion in permaculture farm/land/community   
Most permaculture farms or communities, or in referred to in Cyprus as
permaculture lands, offer regularly organised activities in the form of visit,
trainings, workshops/short or long courses, festivals, open-doors, design
consultancy, etc. Permaculture is often taught in non-formal and informal
education from these activities organised by permaculture practitioners and
experts. 
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Fig. 19,  cited in Eshach, 2007, p. 176
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Ierokipio Permaculture Land and Training Center’ (https://www.ierokipio.org/) 
and ‘Petrera Permaculture Land’ (http://petrera.land/). 

‘In Cyprus, visits to these places can be very enriching in understanding
permaculture: 

The same or similar structures or places also exist in other countries. By
participating in those activities, students could apply the STEM-related knowledge
they acquired.

The “Ierokipio permaculture land” also addresses other issues related to the
“permaculture flower” as explained in Chapter 1. These other areas cover other
domains such as building and energy conservation. Here they offer “Natural &
Alternative Building-using green or up cycled materials” and “Renewable Energy -
different ways of producing & saving energy”. 

Examples of activities they organize where the students can participate are: series
of treasure hunts, quests, serious games etc. where they learn about animals and
plants, which are part of the ecosystem of those particular permaculture lands.
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Fig. 20, Source: https://www.ierokipio.org/education 
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Moreover, students can learn about nutrition and maintaining a healthy diet, while
having the opportunity to taste foods, which are organically grown in the
permaculture land. (e.g.   Food Security & Ethical Food Consumption -
https://www.ierokipio.org/book-us).  

5.3.2. Using school gardens as an active educational space

School gardens are also useful places for non-formal outdoor educational activities
that could provide active learning experience. As Kelley and Williams (2014)
accurately pointed out that “school gardens and the living soil within them can
provide a place-based context for teachers and students to learn together,
alongside other community members, including the non-human members,
developing a sense of interconnectedness and understanding of our place in
ecological systems”.[61]If a garden is available, then teachers and students could
use this landscape to create, or at least attempt to create, their own small-scale
permaculture land or a permaculture designed garden. This is the best way for the
students to observe and learn, apply what they learn and realize tangible results
through direct contact or exposure to living organisms, such as animals, plants,
fungus, or micro-organisms.
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Fig. 20, School gardens for NF learning,  SOurce: Clearingmagazine.org/archives/10755 
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The process may involve soil preparation, seeding and planting, nurturing,
harvesting and eventually consuming their own produce. Such experience often
marks a sense of empowerment to young people because of the possibilities they
realize at hand with their own participation. Gardening encourages contact with the
natural world and therefore essential to a deeper understanding of permaculture
and a more positive take to tackle climate change. This project can serve as a
learning source in continuum. Multiple STE(A)M disciplines can be linked to this
process while the students observe and interact with the garden throughout the
course of the academic year.     

Subjects and/or themes that can be observed include but not limited to: the garden
ecosystem, plants- their needs and their relationship to one another, natural
fertilisers, the roles of insects and other living beings such as the billions of
microorganism in a handful of earth, the impact of the weather, how the sun, the
wind, the rain and the earth affect and interact with the garden and vice-versa,
what solutions to look for in case of problems in the garden, presence and roles of
naturally existing chemicals in the soil.     

Socio-ecological teams that can be linked: climate change, nutrition/food habits,
global food shortage, carbon footprint, etc.  All STE(A)M disciplines can be
integrated in this learning process. The students develop skills such as
responsibility-taking, organisational skills, teamwork, observation and
communication skills, problem-solving and even management skills. 
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Fig. 21, Interconnectedness/Integrated learning through the web game, 
Photo Source: ierokipio.org/education 
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It will be a good practice for this holistic active learning experience to encourage
students to conduct:
Data gathering –adapting the level according to their age- (Kelley and Williams
2014)
Analysis - make comparisons between species to find similarities and differences.
Comparative analysis- comparing the observations gathered on the field and the
theory/information they acquired in class, the students will be able to compare,
critically reflect on the results consequently using, reinforcing, questioning or
expanding their previous knowledge of the subject.

5.4. In-class non-formal activities
As established in the chapter on non-formal and informal education, non-
formal activities, do not take place exclusively outside the class environment. They
can occur in any setting.[62]  What is important in their organisation is that they
are student-centred, conversation-driven, unpredictable, and offering active
enlarging experiences[63] which include exploration and discovery.[64]There are
plenty of non-formal STEM educational activities that
are relatable to permaculture. An interactive meeting with experts such as a
permaculture expert, organic farmer, a permaculture urban developer, an
environmental resource person, practitioners or companies who do recycling,
experts in alternative resources, nutrition or wholesome food resource people.
Learning is then obtained from the in-depth knowledge of these experts allowing
the possibility for the students to ask questions and engage in discussions .

Workshops, collaborative work, team activities are also effective ways to engage
the students to learn by doing.  In those groups, they could conduct experiments,
research on living organisms, plants, observe the types and anatomy of seeds, learn
about healthy nutritional habits, mapping local food sources, building a windmill
etc.

5.5. Planning and designing of a permaculture garden” lesson plan  
  An interesting project-based activity, is planning and designing a permaculture
garden. It is an activity which enhances the creativity of the students and
concurrently giving them the opportunity to learn about the basics of designing
and setting up a permaculture land.  
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To successfully organise an active informal activity, it is fundamental to design a
lesson plan ahead. We are going to use the activity of “planning and design of a
permaculture garden” as an example to illustrate how can this be done in practice.

5.5.1. Lesson stages  
Duration: TOTAL 50 min
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Lesson Stages Duration 
Organizational moment/ groups setting 3 minutes 

Updating/checking the previously acquired knowledge 
and skills, checking the homework

10 minutes 

Introducing the new topic 3 minutes 

Setting the learning objectives and 
sharing them with the students.

3 minutes 

Discussing about the basic principles and values of 
permaculture. Planning of a virtual permaculture based 

design on those values, on paper.

15 minutes 

Posing questions and exercises for homework 
to ensure retention of knowledge.

10 minutes 

Reflection Time 3 minutes 

TOTAL 50 minutes 

Transferring the design idea from the paper 
on the computer, by using a CAD 
(Computer-aided design software)

4 minutes 

1

2
3

4

5

6

7

8
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to learn about the basic principles and concepts of permaculture and
environmental issues.   
to be able to apply this knowledge and transfer it into practice, by creating their
own virtual garden.  
to analyse their experience derived from the project    

5.5.1. Lesson Objectives:  
After the completion of this non-formal pedagogical activity, the students are
expected  

5.5.3. Time duration:  
The activity should last within the time frame of a lesson period, therefore, it should
be adjusted accordingly, depending on the duration of the lesson period applied in
each country. To further enhance the activity, if possible, the teacher could
implement it in two consecutive lesson periods, such that in the first lesson, the
students can focus on designing the virtual garden on paper, and on the succeeding
lesson, in designing it on the computer. This will allow them to create a more
advanced end product. There exist CAD and other design programs for permaculture
designing that could be interesting to explore.  
  
5.5.4. STEM Concepts (from the official curricula):  
Through this non-formal activity, the students will explore a series of STEM
concepts. Most of them are derived from the first component of STEM, which is
Science. Those concepts include environmental and sustainable development and
production, examining and analysing of plants and other living organisms. At the
same time, during the second part of the lesson the students will perform planning
and designing, through the use of a computer employing Technology-based
techniques. 
 
5.5.5. Tips for the educators:  
In order to ensure that all the students will be actively involved during the activity,
the teachers should form balanced groups in terms of gender, past proven level of
competence on the subject and soft skills that each student may have. Moreover,
blending students who have already illustrated better commitment and more
interest with students who show less interest on that specific subject, can balance
the learning process and offer motivation to the team. Also, it is very important to
consider spreading to the different teams, students who have better ICT skills, since
the second part of the activity is computer-based.
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5.5.6. Methodologies:  
Non-formal work in groups; interactive discussions; virtual space designing.
  
5.5.7. Media and Techniques:  
Integrating STEM and Sustainability Education through Learning
Gardens: http://clearingmagazine.org/archives/10755  
Permaculture garden design: https://www.youtube.com/watch?v=5AWE6RdXD2U  
Permaculture Garden Plans: https://www.youtube.com/watch?v=77qUQg3jPM8  
Materials and Resources:  
Pen, paper, drawing pencils, coloured pens, computer.  

5.5.8. Learning Outcomes/gained competences:  
By completing this activity, the participants will be able to exercise and develop
those soft skills which are essential for their progress in school. First and foremost,
by working and collaborating in groups they will improve their ability to work as a
member of a team. Moreover, they will also develop critical thinking as they will
have to think and judge on how to design their own permaculture domain. In the
process of planning and designing their garden, it is probable for them to face some
problems. To overcome the problems or obstacles, they will be challenged to
develop problem solving skills applying permaculture thinking integrated with their
STEAM learning.
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What does it mean to be inclusive? Inclusion, especially in education, is not only
about making sure to adapt materials in order for all profiles of students to have
access to these materials and be able to follow everything. It is also making sure
that the pupils that have difficulties know how to use those materials. Inclusion is
also about changing the way things are organized at school in order to suit the
students’ needs, without the other students being hindered in their learning. It is
basically making learning flexible, and it requires constant thinking on the teacher’s
practice and student’s way of acquiring knowledge. This approach is really focussed
on the process and not on the results. It has an outlook on education that thinks
that individual differences between students are a source of richness and diversity
and not a problem.   

6.1. Inclusive approach in terms of Specific Learning Disorders 
In this project, we intend to raise  awareness on the importance of developing a way
of life that is sustainable in children at the early stages in their lives. It is, of course,
essential to ensure that the objectives of this project will be realised with all pupils
considered, without any exceptions.  As such, we can envision a new conception of a
society that pays more attention in assuring that all available basic materials are
inclusive in nature. 

While most of the advice given in this chapter will concentrate on inclusion and
adaptations for pupils with Specific Learning Disorders, there are plenty of other
disorders and disabilities that would benefit from both the type of collaborative
learning we offer in this project, and the adaptations we suggest in this chapter as
well (ADHD, autism, etc).   

According to substantiated scientific estimates, between 5 to 12 percent of the
European population have a Specific Learning Disorder or SLD and they are
navigating through life in a largely non- ‘DYS’-friendly world. The proportion of
pupils which could potentially have trouble following non- adapted materials if they
are not adapted is thus higher than most people would expect. As education should
be available to all pupils, we will endeavour to adapt our content as much as
possible. In this part of the guide, we will make an overview of the different learning
disorders, the impact that those disorders can have at school, the benefits of
inclusion, the way to adapt educational materials and the specific case of the SLDs
and permaculture.
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6.2. What are SLDs? 
First of all, it is important to understand that SLDs, are not stemming from a
physical impairment such as a visual or hearing impairment, a motor disability, or a
mental retardation. It is also not due to an emotional disturbance, nor a
disadvantage of the economic, environmental or cultural nature.   

SLDs have a neurobiological cause that affects the way the brain processes
information: how it receives, integrates, retains, and expresses information. This can
disturb the cognitive development of a learning ability such as reading, writing,
speaking, doing mathematics, or planning and coordinating motor tasks.   

Here are the different specific disorders as usually listed: 
Dyslexia: causes difficulties in reading and language-based processing skills. This
disorder is the most common one and it is not rare to have it overlap with another
one. This overlapping phenomenon is called co-occurrence, we will explain it a little
further in this chapter.  
Dysgraphia: affects a person’s handwriting ability and fine motor skills. It will be
most noticeable as an illegible handwriting.  
Dyscalculia: affects a person’s ability to understand numbers and learn math facts.
Dysphasia: translates into difficulties with speaking and understanding spoken
words. Dyspraxia: translates into difficulties with movement and coordination,
language and speech. This last disorder however is usually classified as a
Developmental Coordination Disorder and not as a specific learning disorder, but we
will address it nevertheless, as it impacts the learning process and education as
well.  

6.2.1. The added challenge of co-occurrence  
As we said, sometimes a person will present several SLDs at the same time, this
phenomenon is called “Co-occurrence”. According to the 2014 publication of the
French National Institute of Health and Medical Research (Inserm), 40% of the
children with one “Dys”, also have at least an additional accompanying Dys. The
European Dyslexia Association considers that: • 50 % of persons with dyslexia are
dyspraxic as well. • 40 % of persons with dyspraxia are either dyslexic or have
differences in attention. • 85 % of persons with dysphasia are dyslexic as well. • 20
% of persons with dyslexia are having differences in attention with or without
hyperactivity. • 50 % of hyperactive children are dyslexic, etc.
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The identification of the disorder is critical in order to be able to provide them with
appropriate support. An unidentified Dys will make the learner face greater
difficulties as his or her difficulties will not be taken into account by the teachers,
the educators or parents and there is therefore no chance that he or she will
receive the appropriate care for the disorder, nor have the possibility to go through
school with adapted methods or tools. 

The earlier this identification is done, the earlier it is possible to work with the
learner to compensate his/her difficulties, to find relevant coping mechanisms, to
establish a dialogue with the schools, etc. Teachers aware of some early indicators
are often on the front line of early identification but it is important to say that an
expert diagnosis is always the only solution to assess the child and get the
appropriate help.
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Fig. 20 Student with learning disorder,  Source: Canva 

6.3. What’s the impact at school? 
The first real issue that any of these disorders cause for pupils is that they have to
make an extra effort at all times in order to follow the rhythm because their brain
is permanently in double task mode. Oftentimes, a specific learning disorder can be
observed when there is an inability to automatize a type of tasks that most children
and people have automatized rapidly or early on.
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The student: who can feel different from his peers because of his learning
difficulties 
The classmates: who, by not knowing what “learning difficulties” and their
challenges are, might consider them less intelligent and mock them 
The teachers: who need to use appropriate pedagogical methods for these
students and balance them with the methods used for the others  

Classroom environment can often be overwhelming for Dys students. They are
usually crowded, busy places which have a lot of distractions.  

What is important to remember is that a student with learning difficulty in a
classroom influences all the participants in the teaching-learning process: 

These effects might disrupt the classroom environment if proper
communication is not applied and if teachers do not try to apply methods and
tools which provide accessible and effective learning for all.  Each specific
learning disorder can also generate their own set of challenges that impact
students school life:   

Dyslexia will affect the pupil’s ability to learn to read and write. Those skills
are already difficult to acquire, but with the cognitive difficulty of deciphering
a text added, they need to make double the efforts to learn. What happens is
that the brain takes longer to connect letters and words with other kinds of
knowledge and can affect reading fluency, decoding, reading comprehension,
recall, writing, spelling, and sometimes speech and can exist along with other
related disorders. As most of our current educational system relies on reading
and writing skills, a cognitive disorder that affects those areas can prove to be
a real challenge.

Dysgraphia will affect the writing process, mainly a person’s handwriting
ability and fine motor skills.
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This can include difficulties to remember specific orthographic combinations,
difficulties with spelling, spatial planning on paper, sequencing sentences into
words, (while writing, putting the letters, words into the right order with
separations between words in the correct places), composing writing, or
thinking and writing at the same time. As well as a tendency for overlapping
letters, overlapping words and inconsistent spacing.   

Dyscalculia will usually result in difficulties understanding math symbols, as
well as memorizing and organizing numbers, thus hindering them in calculus
or abstract mathematical operations. They can also have difficulty telling and
estimating time, or simply have difficulties counting. As a result, learning
STEM with Dyscalculia is even more of a challenge than usual.   

Dysphasia typically shows into difficulties speaking and understanding spoken
words, which can be a challenge in the oral exercises and presentations that
are often required in the classroom. This can take the form of a difficulty to
sequence sentences into words when heard. It can feel like listening to a
foreign language and not knowing when one word ends and the next begins.
They will usually present difficulties with constructing the structure of a
sentence or a story.   

Dyspraxia will usually show with issues with movement, coordination, language and
speech. This disorder is characterized by difficulty in muscle control (including eye
control) and fine motor skills, which causes problems with movement and
coordination, especially hand-eye movements, language and speech. In the case of
hands-on activities such as some that are introduced in the Permaculture pedagogy,
Dyspraxic children should be monitored especially during all fine motor skills
activities, especially outdoor or when using tools that can pose some danger.  

6.4. The benefits of inclusion: Why include people with SLD?  
Not only are pupils with SLDs intelligent, full of potential and deserving of an
adapted education, but they also have a unique outlook on concepts and life due to
their different experience of their environment.
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Therefore, instead of leaving them by themselves in a poorly adapted world, it is
necessary to be open for a dialogue so we can explore what they can offer in terms
of ideas, perceptions, and out of the box thinking. Multiple-way of approaching
ideas and problems, as well as out-of-the-box thinking, after all, are what STEM
learning encourages. We can perceive SLD as simply someone having a Learning
Disorder, but it can also be perceived as “they have a different type of order”, a
different way of processing information than the one which we developed over time
in our society. Inclusion will enrich our society when we teach our children to
recognise that everyone has her/his strengths and weaknesses. People with SLDs
are and will be an integral part of our society and need to be included and valorised
as much as anyone. 

6.4.1. Benefits for the pupils with SLD 
From the side of the pupils with SLD, it allows them to develop the necessary skills
in order to flourish in their professional and personal life. They will be able to
function in a society that is not intrinsically adapted to their needs and will acquire
some tools that will help them to navigate through life more confidently. They will
also feel more integrated within the group and will be able to prosper on a personal
as well as an academic or professional level.  

6.4.2. The advantages of SLD in permaculture and vice versa 
The concept of permaculture design is largely based on observation, and logical
thinking in order to have a holistic approach to designing a system.  Seeing the big
picture is usually one of the strong points of people with SLD. The permaculture
philosophy and the type of thinking that SLDs often display can compatibly blend to
come up with logical conclusions and consequent actions. According to
permaculture principles, everything and everyone has something to contribute to
the whole, has a purpose, and is linked with the rest. Permaculture’s principle of
sustainability rests on the richness and stability that is rooted in diversity. All of this
is coherent with the philosophy of inclusion.

6.4.3. Benefits for society 
From the societal vantage point and from the end of the more conventionally
adapted pupils, Inclusion broadens the spectrum of neurodiversity in the pool of
thinkers and future society members.
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Simply put, depending on the culture and the individuals, we have certain common
strengths and weaknesses in our cognitive treatment of information within our
environment. Combining the complementary competences of the non-dys and dys
students everyone will have the potential to help each other develop  if each
student need is nurtured correctly.  By putting in perspective every student’s
strengths and weaknesses, we can enlarge the field of development and innovation.
People with SLD tend to be hardworking, as they have to work extra hard to
compensate their natural preferred way of processing information in an academic,
language-oriented society. They also visualise things in 3D, are more likely to be
able to see the big picture, to see links between concepts, and to generally think
visually since the words and writing are usually not their forte. Not only are such
skills real assets in the field of STEM, but also by including everyone, we elevate the
whole society thereby opening access to a wider panel of competences and a
diversified vision of the world, of problems and of their potential solutions.   

6.5. How to adapt educational material in general  
There are several techniques and small reasonable adaptations that can be made
and will benefit everyone in the classroom, without impeding the learning process
of anyone. Those adaptations would be:  

About Structure, it is always better to start the lesson with an explicit explanation of
the activity, set clear guidelines and subdivide the tasks into clear, small steps if
necessary. Use visual elements to illustrate the concepts. Make sure to insist on the
important elements, that can be presented in bullet points for clarity. Make sure to
allot enough time to realize each step or task and that everyone has understood
everything before proceeding.   

About the environment, it needs to be quiet but with enough multisensory stimuli to
allow for an in-depth learning. The stimuli should be pertinent for the lesson, and
not unnecessary distractions. It is better to avoid cluttered and overcrowded spaces
in order to help students orient themselves easily and focus on the task at hand,
instead of having to concentrate on not bumping into something or someone.
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About the special arrangement or tools, it is better to try to avoid long eye
movement and support learners with tasks involving space management. 

About the tasks, it is better to multiply the types of exercises to train students to
process different types of situations, but to have them focus on one task at a time.
For all exercises, it is always better to focus on logic rather than memory.  
 Especially for all tasks involving fine motor skills, try to reduce the amount of
writing tasks and to avoid difficult manipulations so that the pupils may concentrate
on the content of the lessons more than on executing a supporting task.  

About all written materials, as reading is usually a source of challenge, it is advised
to use an adapted font for written guidelines such as Arial, Century Gothic or
OpenDys for example. The spacing should be of 1,5 in between the lines, in a font
size that ranges between 12 and 14. For legibility’s sake and in order to help
students navigate the text, it should not be justified but aligned to the left. The text
should also be broken down into smaller paragraphs and short, clear sentences.
Ideally, it is better to structure the different steps or parts of the text with clearly
distinguishable titles, subtitles, etc. It is better to print on one side of the paper only
to avoid the manipulation of having to turn pages. In terms of general aspect, it is
advised to use colors to separate information, but it is important to be consistent in
the color codes and to try to use off-white or pastel colored paper whenever
possible.

About the groups, it is better to favor small, diverse groups and to try to foster
collaboration as it will combine the strengths of all participants. Ideally, in order to
strengthen their confidence, it is good to present role models for students with SLD.   

As a general rule, it is better to try to propose creative, constructive activities, rather
than exclusion or competition-based activities. Also, favor cooperative large tools
instead of small individual tools that requires precise motor skills. Implementation
of inclusive approach does not automatically guarantee that students with Dys will
not be discriminated by their peers or even teachers and other professionals due to
a lot of stereotypes and prejudice. The best strategy is to constantly increase
awareness even though it’s hard to find the right words and get started.
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Transparent communication and open attitude are essential in the process of getting
familiar with Dys life.  

6.5. The case of permaculture and SLDs 
In the case of permaculture, there are a lot of opportunities in adapting school
materials to children with SLDs. What is interesting is that we will use a hands-on
based learning instead of an academic approach.   

6.5.1. The advantages of SLD in permaculture and vice versa 
The whole concept of permaculture is based on observation, and logical design in
order to have a holistic approach that sustains our everyday life and consumption. 
 Seeing the big picture is usually one of the strong points of people with SLD. The
permaculture philosophy and the type of thinking that SLDs often display is really
based on in concrete facts and observable evolution, followed by logical conclusions
and consequent actions. It is also a well thought-out, long process, with trials and
errors that will be made along the way.  

Not only is permaculture a doorway to STEM school materials, it is also a doorway
to a sustainable lifestyle for our society and a doorway to a thought process which is
all about inclusion, integration and diversity. According to permaculture principles,
everything and everyone has something to contribute to the whole, has a purpose,
and is linked with the rest. Permaculture’s principle of sustainability rests on the
richness and stability that is rooted in diversity and mixes. All of this is coherent
with the philosophy of inclusion. Permaculture philosophy, although rooted into the
food production, can be extended to the social and societal philosophy.

6.5.2. Permaculture oriented specific materials adaptations 
In concrete terms, adaptation of permaculture teaching and principles for SLD can
be summarised as followed with:  In the case of Permaculture especially, it is
interesting to capitalize on structured multisensory methods of teaching and to not
rely that too much on written, text materials.
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In the cases where written or printed materials will be needed, it is interesting to
favour schematics, images, maps, drawings, scale models or mock-ups, that will
illustrate the different scientific and permaculture concepts. These visuals will
support the learning process efficiently.  

Of course, part of the process will need to be prepared and taught in-class. In which
case, it is advised to follow the tips written in the adaptation of written materials
section above. Print on one side of the (if possible, off-white) paper, keep the
sentences shorts and clear. As we speak of permaculture, an attention to use
recycled paper and to explain why using it is good you do it to the pupil might be a
nice introduction gateway to the subject of sustainability. With permaculture, we
also have the opportunity to concentrate on hands-on exercises with oral directives
and direct, on-site tutoring. This is also the opportunity to show the physical, direct
processes in real time. Maps, miniature representations, can be used in class and
then brought out on-site for comparison with the actual world. It would also be
interesting to explore the idea of a terrarium with a plant in order to observe the
evolution of a growing plant and the way that roots grow, and photosynthesis works
in order to have part of the garden inside the classroom and part of the classroom in
the garden.   

For  the learning  environment, especially on-site, it is important to keep the groups
small, and try to provide an open, uncluttered space in which to work. It is good to
pay special attention to security and be careful not to have sharp tools or branches
laying around on which the pupils might trip.Pupils with fine motor skills disorder
need to be monitored closely when using tools that may pose danger. 

Concerning the activities, in the case of building something or doing anything
manually work, it is important to try to avoid tasks requiring fine motor skills, and to
favour cooperative tasks and activities as it will promote communication and
teamwork.

Beyond all adaptations, the most essential point, is to pay attention to all pupils and
make sure they are all following the activity, participating, understanding and
having fun.
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the functions of each components: the plants and insects in the garden in
parallel to the students in the class
the multi-functionality of each element: evaluate a plant/some plants and
its/their multiple roles, and in analogy, the students can list down each of their
traits, forté or character, 
the relationships of the observed functions to one another.

7.1. Permaculture Principle: Use and value diversity.
The concept of inclusiveness is inherent in the principles of permaculture. This is
made evident by one of its twelve principles: Use and value diversity. The natural
world consists of a wide variety and variability of life. In permaculture design, to
achieve a resilient and regenerative system, diversity is deemed crucial in reducing
vulnerability. When we succeed to find the beneficial relationships between the
organisms, their combination results in mutually beneficial relationships.
Consequently, they grow better, produce higher yields, resists pests and diseases
and are altogether much more resilient in such a system.[65]. If we invite young
minds to closely examine this principle from the human context, they will realise
that such functional relationships generate the same favourable results in human
society. Human diversity is essential for progress because, as the respected
education expert, Ken Robinson, explains: “When human life is characterised by
diversity- diversity of thought, diversity of ability, diversity of talent, our
communities and our businesses depend on a wide range of intellectual
capacities…”.[66]  It is this heterogeneity that is the root of cultural richness that
defines humanity. The art of designing beneficial relationships in human
interactions from the smallest social unit of the family can be scaled up to larger
human ecosystems. It will be captivating for the students to apply this parallel in
their study of STEAM, where the science of biology and ecology are imaginatively
combined with human and social sciences.  

The educator can take advantage of this analogy by taking up in class a comparative
analysis of biodiversity in a natural ecosystem and the diversity of students in the
classroom- covering the range of the learning needs, talents, skills, interests of the
students. It will, of course, be essential to point out or even better, to bring the class
to reflect together and evaluate 
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and the impact of all these to each component: in the garden, the reciprocally
beneficial relationships allow each element to explore its multiple roles and
this contributes to a flourishingly resilient and regenerative garden; in the
class/school a helpful and supportive environment stimulates a favourable
learning ambiance, scaling up  individual productivity and consequently, that of
the entire class.

In a garden ecosystem, an easy example are “the three sisters”: corn offers beans
support to climb on, the squash through the large leaves keep the soil moist and
keep the weeds away and the beans provide support to all three plants providing
nitrogen. In the class setting: how do their traits and skills complement each other.
How can or do the students support each other in the class or outside?

7.2. Permaculture Principle: Use edges and value the marginal

Inclusiveness is also evoked in the Permaculture Principle: “Use edges and value
the marginal, explained as the interface between things is where the most
interesting events take place and are often the most valuable, diverse and
productive elements in the system.”[67] In human societies, it is the convergence of
a diverse groups of people where the learning experience is fortified. Learning from
the way other people live, think, behave, work, communicate or obtain knowledge
does not only enhance social development but also broadens the perspectives of
an individual. This edge effect can serve as a launching pad to integrate science
(ecology) and arts (socio-cultural subjects) to undertake real-life societal issues
such as tolerance, migration and other multicultural concerns.
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In edges, unique species that are different from the two bordering ecosystems are
created by the merge and the diversity of organisms often renders the edge more
resilient. Stimulate the students to reflect using this premise as a basis. As an
example,  a child born from mixed-race parents, not only will have physical
features different from either parent, but is also in more likeliness will have a
relatively more open viewpoints that accommodate the two distinct cultures of
her/his parents. It is more than tacitly accepted that multicultural encounters
often eliminate prejudices.                

Edges are hosts to more diversity of species because the species that thrive along
these edges are able to make the most use of the two habitats or ecosystems.
Take the context of learning, where one or two STEAM disciplines meet, is where
a more enlarged view and a deeper comprehension of the subject occur. A further
simplified example for ten to fourteen year-olds is this: when one listens to two
ideas, a third idea that utilises the two is likely to be more comprehensive and
unique at the same time.  

These edges, or what ecologists call “ecotones” include marshlands – the
transition between dry and wet ecosystems, grasslands -between desert and forest
or in mangrove forests - where terrestrial and marine ecosystems converge.
Changes in climatic conditions, among other factors, create edges. Ecotones are
used by ecologists in studying climate change.[68] While learning ecotones and
how they impact climate change it can also be an avenue to encourage self-
expression from the students. The lesson can also be linked to the personal
changes the students encounter and undergo in real life. Encourage them to cite
examples – they can be change of school or residence or any other similar
experience that they would feel comfortable to discuss in class and encourage
them contemplate on the lessons they learned from such “life edge”. 

The edge effect can be observed in a garden where there is a sudden change in
soil types. The students can experiment on identifying or creating such ecotones
in their garden project. This learning can be gamified by linking it to the activity
suggested in the IO2 Gamification called:  Permaculture and Biology where they
will be identifying plants, insects and other observable organisms.

The following are some possible points of departure for class discussion and
exchange:
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The use of edge as a design method in permaculture follows the logic that since
edges are where most productivity and greater diversity of species is found, it is
best to ensure that edges are present or optimised in one’s design. This design
principle will obviously have to be learned before the students embark in the
design of a permaculture inspired garden in school or in the community. The
educator can seize this hands-on activity to tackle subjects in social sciencesand
humanities that fall under Arts.  

The diversity in the students’  learning pace, learning styles, learning needs (or
disabilities) is not isolated from the inclusive viewpoint of permaculture. It
might also be helpful to bring this awareness to the students to cultivate
understanding.  Learning how brains function and the different ways brains
process information can be a very intriguing lesson to learn. It will be
interesting to inject the trivial anecdotes that some geniuses, like Einstein,
Darwin and others who discovered exceptionally novel ideas in fact struggled in
school because of their learning difficulties.  That because their brains are wired
differently, they are able to view and analyse things in ways different from those
who do not have “dys” troubles. An expert in this field – a compassionate and
dedicated psychologist for example, with the accord of the parents of dys
students and the students themselves, may be invited in class to present in a fun
and comprehensive way the case of learning difficulties, currently labelled as
disabilities.   

In the edge effect, the encounter between two systems creates the best diversity
and resilience. Awareness from the students without dys issues will bring them
to a more compassionate terrain thereby nurturing a healthier interaction with
dys children. Diversity brings vibrant life experiences and often yields more
productivity.  In this real-life practical exercise, the students themselves will
learn to create the richness, make the most of the diversity in their lives and in
their learning experiences.
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help build powerful teams with students/pupils, teachers, coaches, peers,
permaculture experts, project members possibly parents and other technical
staff from the school and representatives from the school leadership
support the participants in understanding their common objectives through
mentoring, coaching and training

The LivingSTEM project applies a holistic and whole school approach to motivate
and stimulate the interest of young learners and their teachers in discovering
Permaculture, to support them in acquiring important skills in the field of STEAM.
This may be through the process of creating a school garden or other inquiry-based
activities aimed to empower them to conceive beauty and sustainability in their
environment, conforming to the UN global goals. These endeavours are a complex
process and require a skilled facilitator with strong leadership competences to
involve, engage and continuously motivate the team. The multi-disciplinary team
may comprise teachers, administrative staff, students, parents, peers and other
stakeholders to generate strong commitment from the community. Through the
facilitation of co-operation and co-creation, better results and common values are
achieved. In the following guidelines, our focus is in the creation of a permaculture
inspired garden. But these guidelines are also applicable in all the other innovative
activities your school may choose to embark on when integrating permaculture in
STEAM learning. 

8.1. Who can take the role of a facilitator
The ideal facilitator can be selected from the school management personnel or from
the teaching staff. Alternatively, the Living STEM national project partner could also
provide a facilitator. The possibility of a team of facilitators is also a good option to
consider. This will involve two experts sharing the tasks, handling with a team-work
spirit the complexity and redundancies of the tasks. Team-work will ensure
continuity of the project in case a co-facilitator is unavailable due to holidays, sick
leave or for other reasons. 

8.2. The tasks of the facilitator or team of facilitators
The facilitator has a wide range of tasks to perform in order to make things easier
for the people who participate in the project.  The most important tasks will be to
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assist in ensuring that all participants collectively advance in the implementation
process
structure conversations and apply appropriate group facilitation techniques to
keep discussions effective and productive structure the activities
manage any conflict or issues that may arise and build consensus
foster empathy and a positive spiritencourage active listening
promote collaboration and motivate people to come up with and share ideas,
thoughts and perspectives create an inclusive environment 
most importantly, be the constant reminder for the team of the principles and
ethics of permaculture which is the foundation of the entire activity.

8.3. Putting the team together
Selecting a solid and motivated team at the beginning of the school year is another
important task. It is ideal for the team to include at least a member of the school
leadership, one or more teachers of STEAM, a student from each participating class,
parent representatives, as well a service staff to help with practical tasks.  

Redundancies are useful in a team, so that a team member is always available to
implement the permaculture school garden project, also taking into consideration the
absence of people in case of sickness or for any other reason.  

Involving representatives from national permaculture associations will be most
helpful. Engaging the local community --who could assist with building and/or
providing infrastructures, in maintaining the gardens during holidays or for permits or
other concerns, is always useful. 

Having the whole team listen to a local dedicated permaculture practitioner or expert
is essential not only in understanding the deeper concept of the project, but also in
pulling everyone towards a shared goal while weaving interconnectedness within the
team and with the project itself. This will make the team more resilient. 

8.4. Schedule programming and other tips
A schedule to implement this permaculture-inspired garden project may be drafted at
any point during the school year. 
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Planning may be at the beginning, middle or end of the school year, depending on
many factors  that had to be considered: the local climate, school’s own programme
of activities, schedules of the potential team, etc. Regular meeting, such as monthly
team meetings, will help fine-tune the schedule and reallocate the tasks, if
necessary. 

Although within the permaculture thinking, direct contact is always encouraged, for
purposes of combining technology into the project, to have some digital space where
the Living STEM team can communicate any issues and share ideas and experiences,
is also recommended. The documentation of the process is highly suggested.  

The creation of a permaculture-inspired school garden should not be taken as a task
but as a shared fun and learning experience. Encouraging the students to take
ownership of the project is always empowering and motivating, making the project a
personal challenge as well as a collective one. It has to stay within the permaculture
thinking every step of the way, realizing that small realisable actions or contribution
are tiny steps closer to climate change solutions. It is vital to realize that the project
itself is not the end but the means to learn STEAM and relate the knowledge to real-
life issues.  The students will be ushered to derive wisdom and know-how from
nature through their interactions with the plants and other organisms and with one
another and will therefore discover and acquire new skills that they can immediately
put to good use.

8.5  Preparation of the activity  
School years start usually in the middle of August in Nordic countries and in
September in most of the West and South European countries, so the time frame
varies slightly across the project partner countries. There are also different
conditions in the countries that need to be taken into consideration. The climate
from Denmark to Cyprus and from Spain to Poland is quite different, the growing
seasons vary and there is a greater choice of crops in the Mediterranean countries. It
is important to note that the design process in permaculture can be applied and
adapted to any climate condition. 

Ideally, a whole school year should be devoted to designing and realising the
permaculture garden and to experience its benefits. It will be most helpful to
determine as a group, the number of hours per week that will be necessitated in this
activity.l
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Setting the goal
Searching for and deciding the location/s
Identifying and analysing the elements in the location
Creating the design
Deciding on the plants/Seeding the plants
Preparing the area
Seeding direct or replanting 

The Learning Canvas Design that will be introduced in the next chapter will be
helpful for the team in the preparation process. Keeping in mind that this activity is
to help the students to deepen their learning of the STEAM subjects and for them to
acquire STEAM skills at each class level, the facilitators, together with the teachers
can then put together pedagogical ideas centred on these purposes. 

Furthermore, two related interdisciplinary projects are recommended weekly to
allow the students to get a good grip of the issues, start-up the process and build
the basic infrastructure at the stage of the project when results can already be seen
and evaluated. They can be project events organised as creative events in the form
of a Bootcamp or a MakerSpace. The project should be fun with challenging,
explorative and experiential activities with some incentives for exceptional results.  

Ideally, all students between the ages of 10 and 14 can be included. If not possible,
choose only one level. 

With a good level of understanding of the Permaculture principles, the facilitators
and the team will be able to approach this project from a perspective of a novel
learning experience. Everyone will realise that the project does not start with the
seeding or planting or with the preparation of the area. It does not start with the
drafting of a team to realise the project. Permaculture projects always begin with
both a defined objective and thoughtful observation. This permaculture thinking
should be the foundational guidelines in the entire preparation process. Here is  a
rough overview of the process: 

In the maintenance, students are to ensure that the elements are properly
considered such that their multiple roles are played and each function supports each
other. 
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A library - virtual and physical with books about permaculture in the local
language 
A plot at the school or nearby, alternatively permaculture principles can be
learned by making mini-gardens in pots or even wine boxes. 
Wood to build raised beds 
Soil 
Compost and mulch 
Seeds and plants 
If possible for school, there could be grazing animals - chicken, ducks or sheep,
which need to be purchased or could be donated by farmers 
Wood to build a shelter for the animals Gardening tools and a space to store
gardening tools 
Water 
Electricity/energy supply 
Computers/Ipads/cameras to document the process 
Writing/painting/designing tools 
Cooking facilities ... 

The above process should not be viewed as linear process as some may overlap with
the others. They may already be applied from the decision-making point of
implementing the project. It is important to remember that a good permaculture
garden is resilient, self-regulating and sustainable. It is in the experience of the
design process, that authentic learning can be achieved. By the interweaving of the
STEAM lessons with the ethics and principles of permaculture, inquiry-based and
problem-solving capacities are developed or reinforced in the students. 

Having this in mind, the other protocols may be carried out: theoretical introduction,
research phase, adaptation of the curricula in subjects covering STE(A)M to include
LivingSTEM activities, networking activities, visits to permaculture gardens, etc.

Materials needed: 
These are just some of the possible materials that may be needed in the process.
The list may vary according to the objective, the local situations and many other
factors.  

If possible, all materials should be organic and not polluting in any way. The
principles of the circular economy should be applied and the use of second-hand
materials, where possible, will yield better result. 
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One recommendable design process tool to implement the permaculture school
garden is the GoSADIMENT tool [69] consisting of the following steps: 
Goals: Gathering all the visions and setting concrete goals, which might be revised
and adapted during the process 
Survey: Gathering information about all the skills in the team and, where necessary,
teach - learn - acquire new skills/STEAM skills to achieve the goals. Furthermore,
the team with the students’ needs to find out, who should be added in the team, the
network, the group of stakeholders 
Analysis: The teams analyse what infrastructures and materials exist, what materials
will be needed, which equipment is necessary. Can it be produced at the school or
bought/acquired. 
Design: Planning and mapping the garden 
Implementation: Realising the garden from theory to practice 
Maintenance: Taking care of the garden, taking weeds out, protect against pests,
water the plants, provide nourishment, taking care of the animals 
Evaluation: Assessing what went well, what failed  
Tweaking: Making adjustments, adaptations, fine-tuning   

8.6 Target group adaptation: schedules, tools and directives  
The LivingSTEM pedagogical implementation plan needs to be adapted both
horizontally across Europe to be aligned with the STEM directives of the national,
regional or local school authorities and vertically addressing the needs of the
different grades/classes and fitting into the strategies and schedules in the
participating schools.

As tackled in the previous chapters, the importance of STEM education to respond to
future skills mismatches on the labour market is reflected in EU policies and
communication and the Commission launched a STE(A)M coalition bringing together
different education sectors, business and public sector, employers to promote the
uptake of relevant STE(A)M subjects and modernise the STE(A)M and other curricula
through more multi-disciplinary programmes. Yet looking at STE(A)M strategies in
the different member states, including in the Living STEM project countries the
situation is quite patchy. There are a few initiatives and a few projects related to
STE(A)M but coherent strategies are not yet in place.
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The interdisciplinary approach in the LivingSTEM project and the pedagogical
methodologies of collaborative, explorative, experiential, inquisitive, inclusive and
holistic learning are very innovative and could become best practice for the emerging
STEM strategies in the participating countries and beyond.  

It is recommended to align the LivingSTEM lesson plans with the national directives
in the individual STEM disciplines and cooperate with stakeholders and policy makers
to integrate LivingSTEM methodologies and contents into national STEM strategies
and future directives. 

The LivingSTEM project has another ambition to provide tools and strategies to cope
with global climate change challenges and to be aligned the United Nations global
sustainability goals through the implementation of the permaculture gardens.  The
LivingSTEM project, through the integration of Permaculture in the mainstream
education, takes on the ambition to empower the students and other stakeholders to
be part of the solutions in mitigating climate change.  

In standard practice, to assess the impact of the LivingSTEM implementation in the
participating schools a quality tool has to be provided to measure the skills achieved
on a regular basis. The LivingSTEM project, however, promotes focus on the organic
learning process, and advocates more result-oriented and student-adapted types of
assessment.  

If necessary, adaptations and adjustments should be made, ensuring the usability for
the different age groups ranging from10 to 14 in different educational cultures.  

Prior to the implementation the needs of the specific target groups should be
assessed to prepare for the successful implementation of the local LivingSTEM
permaculture gardens.

The partners in the LivingSTEM project and many schools in their respective
countries (Belgium, Cyprus, Denmark, Italy, Poland and Spain) promote innovative
pedagogical methods such as collaborative learning and community-based learning.
The LivingSTEM partners, equipped with the appropriate background in both
permaculture and the management of projects, will assist the local facilitator,
provide or arrange training and offer mentoring to the teachers involved. This is to
encourage the use of methodologies that foster stimulating learning experiences.
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Constructing personal meaning  
Choice 
Challenge  
Control 
Collaboration 
Consequences that promote self-efficacy and sharing  

The permaculture garden should be viewed as a long-term project because it is a
living project.  Further related projects with long-terms perspectives, involving
teachers teaching other subjects may be considered.  

The LivingSTEM project is well-aligned with European and national directives,
providing a variety of challenges, games, as well as indoor and outdoor activities to
foster STEM skills learning. As an example, national directives in Denmark for
primary and secondary students include the following deign principles to motivate
for nature subjects- called the 6 C’s:  

Looking into the chapters on Permaculture and a profound understanding of this
discipline, the LivingSTEM project is well aligned with the above. The pilot activities
in the LivingSTEM project will address age groups of 10-12 or 13-14. The materials
and lesson plans are scalable to higher or adjustable to lower age groups.  

8.7 On-site setting up   
There are some basic requirements for setting up a Permaculture school garden. The
availability of a suitable space is important. The size does not matter. A
permaculture expert in the team or an outsourced expertise will be most helpful to
ensure that the permaculture guidelines in selecting the location based on the
objective set are followed.  LivingSTEM partner can assist in linking the school with
a permaculture expert in the selection of the location.  

The primary and vital elements to consider in choosing the location are: Water,
Sunlight, Earth and Wind. It is important to keep in mind that the selection process
is an integral part of the design process, therefore the involvement of the students
in crucial.
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The availability and accessibility of water:  Water is the source of life so this is vital
for all beings. Watering sources should be available and accessible. Places with too
much water after excessive rainfall or those that experience drought can be used in
permaculture because its design principles allow it to address these concerns and
transform them into solutions. However, since the project is for young students
without years of training in permaculture, it is best to avoid these areas for this
beginners’ project. 

Sunlight exposition: Sunlight is the source of energy for the growth of the plants
and all beings. Different plants have different sunlight needs. Sun availability is part
of the observation process in selecting the location.  

Earth:  This is essential for the growth of the plants. The beauty in permaculture is
its capacity to restore the health of the soil. In case of limited choices of location, a
poor quality soil should not be a deterrent. Again, since the students are just
starting up, an area with good quality soil will facilitate things for them but is not a
prerequisite.  

Air/Wind: Wind affects the growth and over-all welfare of the garden. This is
important to factor in for long-term vision. Strong winds can affect the water and
sun/heat supply in the area as well as the resistance of the plans. Polluted areas
should be avoided for the health of the kids. Permaculture expertise can help
mitigate the effect of pollution but that, of course, is more for seasoned
permaculturists. 

Further equipment neededAside from what was listed in the earlier part of this
chapter, other materials needed will depend upon the goals and challenges that will
be set by the team.   

Supervision and security There should always be at least one teacher to supervise
the work. Alternatively, parents or voluntary assistants from the community could be
involved to supervise the kids and provide mentoring, coaching and support.  There
are certain risks, when working in nature, which also exist, when children play
outside.
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Existing allergies against pollen, plants, animals - teachers should be aware of
this
Ticks are probably the most dangerous animals, causing lyme diseasePoisonous
snakes - vipers are quite common in Denmark 
Poisonous plants
Predators, going after chicken, ducks and sheep 
Mosquito bites in southern areas 
Bee stings - which could cause allergic chock
Children work with tools - saws, knives, spades - there could be accident 
Bacteria in the soil, in the water 
Simple security and hygiene guidelines and a code of conduct should be
prepared identifying risks and providing risk mitigation measures. Important
measures are to wash the hands properly after working in the garden, to wear
gloves, to wear security glasses and clothes for certain crafts work. 

Risks:

Guidelines are often available at the schools. The national and local rules should be
checked and followed.  

Basic Precautions: 
Regular hand-washing is encouraged although earth-contact is believed to reinforce
one’s immune-system. Use of garden gloves is useful for first-time gardeners but
may be optional. Hand-washing is advised after farm visits in case of contacts with
animals to avoid spread of contagious germs among the participants. Make the
children aware of the importance of taking precautionary measures into account.  

Further security and risks measures are extensively addressed in Chapter 9 for your
reference.  

8.8. Concrete examples of possible organisation of activities  
Below is a possible model to consider in your planning. LivingSTEM encourages
educators to draw up your own planning, carefully factoring in your objectives,
school regulations and schedules, school facilities, community conditions, and of
course the students’ needs. The planning or preparation may be carried out at the
end of the school year for ready implementation at the beginning of the following
year with minor adjustments if needed. 
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Tools and techniques are provided in this chapter and in other chapters of this
Manual in the hope to equip, assist and inspire the educator in devising a plan for
the project that is a locally compatible. For further references and ideas, many
examples can be found in the LivingSTEM Library of resources.

June/July - 1st year: Scheduling 
Prior to the long summer holidays and the beginning of the new school year
teachers are allocated their new classes and special functions, schedules and
timetables are being made, teachers are briefed about new directives and
developments and thematic teams are created, working together during the next
school year. This would be the time to create a thematic LivingSTEM teacher team,
the core of the full team to be assembled at the beginning of the school year. 

The Living STEM project will have a strong systemic impact, if the theoretical and
practical sessions would be integrated into the schedules of the new school year.
One or two school hours per week for each grade participating would be appropriate
for theoretical and practical STEM project sessions, led by teachers from different
STEM subjects. Interdisciplinary sessions could be planned across several grades.  If
possible one or two project weeks should be scheduled for the school year.  

August/September 
The school year usually starts in August in Denmark and in September in the other
participating countries. The first two weeks are often used for teacher training and
preparatory work. What needs to be done is to set up a learning space with
handbooks in the libarary as well as an e-library with useful literature in the local
language.  

When the students return, it is time to form the LivingSTEM implementation team. 
 The summer months are mostly harvesting months. 

Suggestions for activities:
Introduction to LivingSTEM and permaculture principles: 
This Manual provides many insights to start the integration of Permaculture in your
STEAM curricula. It is always recommended to invite an expert to talk about this
subject. Since Permaculture as explained in this Manual, is a very broad discipline, 
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Pick some fruits and vegetables  
Take some soil samples 
Take photos 
Understand the principles 
Back at school   

Prepare healthy meals with the food gathered 
Find out what is healthy about the food 
Visit a local supermarket and look at the ingredients of your favourite food 
Do research on what additives in food can do to your health 
Analyse the soil samples - an expert from an agricultural consultancy or from a
laboratory could be invited or the school class could visit a laboratory and analyse
samples 
Research to learn more about the quality of soil and how to improve it with
compost  

the STEAM teachers involved can agree with the permaculture resource person to
adapt the talk according to certain set of objectives. Several talks or workshops can
be organised throughout the school year. 
A pep-talk by a teacher, project member and/or a representative from the national
permaculture network may also be a good start. Parts 4 (Permaculture in STEM
Pedagogy)  and 5 (Permaculture-Related Non-formal and Informal Education in STEM
Curriculum) of this Manual are valuable references for ideas.

Visit to a permaculture site: 

The challenges: 

STE(A)M skills acquired: 
S - biology & chemistry of soil, chemistry of food, physiology, ecology.
T - analysis using tech tools, plant information using apps, CAD program for design
E – realisation of the garden is an engineering process, they may also learn about the
(sad) reality of genetic engineering in agriculture; the use of permaculture design is to
train the students into a holistic engineering methodology
A - creative food design, empathy, collaborative, inquisitive learning, social sciences
addressed will deal with many current social issues
M - measuring the nutrients in soil and food, learning patters is geometry spelled f-u-
n. In their gardening, they will be exposed with fractals and Fibonacci series which
are exciting springboards for math learning.
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Group work with teachers and/or experts and the facilitator 
Design the most successful permaculture garden is measured by its resilience,
regenerative quality and sustainability. The beauty will be brought by the
correct elements put together. 
Construct the garden, prepare the soil and plant the first seeds (70) 
Design and construct the most beautiful herb spiral   

October/November 
The LivingSTEM team starts designing the permaculture school garden. Dependent
on the space and facilities available the garden could take many forms - from very
small pots, containers or even wine boxes for individual or small groups of students,
when there is not sufficient space outside to sophisticated gardens with raised beds,
greenhouses/polytunnels and shelters for animals. For complex projects it would be
useful to involve an expert from the national permaculture association. 

The design process could start with a brainstorming and drafting at each class level.
The Lego® Serious Play® methodology would be a great tool to design the garden,
but paper, cardboard, coloured pencils, scissors and some other creative materials
would also be useful.    

The challenges: 

STE(A)M skills acquired: 
S - conditions for growth - sunlight, water, quality of soil, temperature, ... 
T - constructing the garden 
E - designing the garden with intelligent sustainable energy and water             
 supply/managemnet 
A - creative design, drawing, painting, building, empathy, collaborative learning 
M - measuring, calculating nutrients needed, sun radiation, budget planning  

December/January 
These are months with very short days in the northern countries, where the garden
has a rest. In southern Europe you could plant some seeds. The children learn how
to protect the beds and the plants with a blanket of leaves or straw or sheep fleece.
The time should be used to draw a plan what to plant, to learn about different crops,
order/purchase the seeds, test the viability of seeds.

96



This project has been funded with support from the European Commission. Its content
and material reflects only the views of the authors, and the Commission cannot be
held responsible for any use which may be made of the information contained therein.

Each team of students with a teacher makes the layout of the garden with a plan
for the crops they want to grow 
Animals in permaculture gardens: Needs and benefits  

In class, the students could learn about the role of animals in biodynamic
agriculture and in permaculture. They can learn about the biology of chicken, ducks
and sheep, how to raise them, how to care for them, what they eat, the benefits they
bring for the permaculture garden. The students with their teachers could visit farms
to meet the animals and find out about their needs and benefits. 

The challenges: 

STE(A)M skills acquired: 
S - agricultural skills, biology of chicken, ducks, sheep and their benefits for nature
maintenance 
T - testing the resilience of seeds 
E - drawing a plan for the crops, designing shelters for farm animals 
A - creative design, empathy 
M - statistics (the resilience test), budget for keeping animals (shelters/food/vet) and
their cost/benefit [71] 

February/March 
This is the time for launching the permaculture gardens, i.e. filling the pots or beds
with compost and soil. When it is still cold the first seeds can be started on a sunny
windowsill. In March, when the soil is warming up vegetables can be sown into the
outside beds [72] provides a good list of crops to be sown.  

The challenges: 
Prepare the most beautiful permaculture bed (individual or small group) 
Describe the plants and their needs -- types of soil, light, watering 
Describe their nutrients and what they can be used for  
STE(A)M skills acquired: 
S - agricultural skills, description of the plants and their specificities 
T - water/energy/soil/compost management 
E - building practical water/energy supply devices 
A - creative design, empathy 
M - measuring soil nutrients needed to get good results
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Preparing a party with the most creative delicious local food from the garden
(maybe with some local food supplements) - a competition 
How to avoid or manage food waste
How we contribute to the UN goals

April/May 
This is the high season for gardening. The seeds we have sown are now growing and
filling the beds and pots. There could be some pests emerging - insects, fungus, rots.
We learn about biological methods to protect the plants with insect netting, mulch,
thinning the beds to give the plants more space to grow, hardening vegetables. If
there are animals, they will also be attacked and infested by ticks and worms and it is
lambing time. 

The challenges: 
Develop strategies and tools to cope with pests (without chemistry) Animal care:
Lambing, protection againsts ticks, insects, worms causing diseases  
STE(A)M skills acquired: 
S - making plants resilient, learning about diseases of plants and farm animals 
T - intelligent technologies to defend the plants and animals
E - building/constructing
A - creative design, empathy 
M - health statistics  

 June/July 
This is the time for examinations and lots of festivities and parties before the schools
close for holidays. And it is time for harvesting delicious stuff. The school should
prepare a project week/Bootcamp/party with competition to prepare the most
delicious food from the Permaculture garden. They also learn processes to preserve
food to avoid any food waste. Winter crops can be sown.  Before leaving for a holiday a
to-do list needs to be made how to take care of the garden during the absence. There
should be an evaluation of the whole process and quality of the implemention.  

The challenges: 

STE(A)M skills acquired: 
S - the biology and chemistry of food 
T - intelligent technologies for preserving food 
E - constructing automatic watering systems 
A - the art of preparing beautiful tasty local food 
M - calculating the nutrients in food
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9.1 How to build a strong partnership for the Living STEM activities 
As clearly emerged in the previous chapters, the activities proposed by the LIVING
STEM project require the collaboration of various professional figures, united by both
an educational and communicative effort. For these and other reasons, one of the
central aspects of this project is to guide educators in building a solid and lasting
partnership.  

In the context of the schools' organization and structure for promoting learning, the
concept of stakeholders andpartners, involves  teachers,  students,  parents,  policy
makers,  school administration authorities (local, regional and state/national),  teacher
training agencies, and academics/researchers within their role to analyse, interpret
and unveil the meanings of undertaken actions. 

These figures may also play a role in community-based learning, which refers to the
practice of connecting what is being taught at school to its surrounding community,
which may include local history, literature, and cultural heritages, in addition to local
experts, institutions, and natural environments. Community-based learning is also
motivated by the belief that all communities have intrinsic educational assets that
educators can use to enhance learning experiences for students, so  many actors  are
necessarily involved in the process. 

For this reason, it’s necessary to analyse the possibilities offered by the territory and
to design new partnership models. Also, one of the basic principles of permaculture
says:Integrate Don’t Segregate. And as well as applying this in the garden, we can also
apply it to communities, groups or organisations. Sustainability is something we
achieve together – through collaboration and cooperation – it’s not something we do
alone.

9.2.  A tool for co-design: the Learning Design Canvas  
In order to design and implement a successful activity we are going to introduce now
a learning design canvas which will guide the local partnership in designing and
effectively implementing the activities and in establishing a strong local partner
network.  Using a canvas for STEM learning projects will help you to understand how 
 the activity fits on the bigger picture of the school strategy, by creating value in short
and long terms. This information is essential to build trust and help convince
stakeholders and partners to support your project.

100

9. Activity Design to Guide the Partnership 



This project has been funded with support from the European Commission. Its content
and material reflects only the views of the authors, and the Commission cannot be
held responsible for any use which may be made of the information contained therein.

Teacher use: A teacher can use it to understand what the project will be and how it
will add value to the school programme, helping her/him  to decide if it is worth
carrying on with or if it needs revisions. 

Group use: Also, it can be used in brainstorm sessions with stakeholders and
partners of your learning project. You can print a large version and use “post it
notes” to distribute ideas over the printed canvas, fostering the team engagement
and the idea’s evolution, without losing focus on the strategic objectives.   

Filling the canvas is quite easy. There are 8 sections: 
•     Problem statement 
•     Partners 
•     Stakeholders 
•     Learning Objectives and activities 
•     Contents 
•     Instructional/Pedagogical Strategy 
•     Target audience 
•     Evaluation plan  

Within each section there is a Label and a brief description on how to fill the
section. Simply provide an answer to the question/s in each section, and you will
have the first draft of your Learning Design Canvas.  The purpose of this chapter is
to help especially in partnership building, so we will focus more on Partners and
Stakeholders. Remember that in Chapter 3 you can find information to better fill in
the part on pedagogical strategy, as well as in chapter 8, you can find information
on learning objectives and in the activities suggested in parts 3, 4 and 7 of this
project you can find the contents.  

The best way is to start from the right side of the Canvas, focusing first on your
Target Audience.
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9.2.1 Partners  
To achieve an effective activity, you must build a strong partnershipinvolving
different entities (depending on your needs) which will have an active role in the
activity implementation.  Each partner involved, brings different benefits: in terms of
competences, skills, audiences, etc. 

Use the next form to choose the right partners for your activity depending on the
type of activity you will develop , which you can check in the second column. Then
follow the suggested actions in the third column. We suggest you that you build a
non-formal network with local non-profits, scientific institutions and local
authorities which can last also after the activity achievement. We also recommend
you to define and sign a common agreement with all the partners where each role
and contribution is defined.    
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Organisation Benefits it brings
Suggested actions

to build the
partnership 

Schools
Provide the target
audience
Has internal STEM skills 

Involve the school in every level:
teachers, directors, internal &
external collaborators, etc. 

Permaculture
Farm/LAND

Skills in permaculture
education
Collaboration with internal
experts/farmers
Knowledge of the
typicality/characteristics of the
territory
Hosting part of the activities

Define the collaboration in a
formal agreement 
Choose the farm taking into
account logistic issues (local farms
easily reachable from your school)
and certificated competences
(check the farm curriculum and its
previous experiences

Local non-profit
organization
(ecology,
permaculture, ethical
consumerism, 
mindful gardening,
etc.) 
  

Collaboration with internal
experts 
Knowledge of the typicality of
the territory 
Hosting part of the activities

Define the collaboration
related to the activity in a
formal agreement

Scientific
institutions &
Centres of
excellence  
  

Collaboration with internal
experts 
Knowledge of the typicality of
the territory 
Hosting part of the activities
Provides different knowledge

Define the collaboration related
to the activity in a formal
agreement 
Choose the centre of excellence
to involve taking into account
logistic issues (locations easily
reachable from your school) and
certificated competences

Municipality and 
local authorities 
  

Institutional patronage 
Support for spreading the
experience in your local
environment 
Support for mapping and
networking permaculture
gardens and similar educational
activities Support for mapping
scientific institutions and
associations in the area which
will be involved in the activity

Define the collaboration related
to the activity in a formal
agreement

Private Sponsor
Cover costs and/or supply
tools and materials

Define the collaboration related to the
activity in a formal agreement
Try to involve sponsors whose regular
activities conform with the main
permaculture principles you are going
to share/spread with your activity
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9.2.3 Stakeholders
If you are setting up this activity, your priority is for sure to impact on your target
group (pupils) in order to improve STEM competences through Permaculture. [Saut
de retour à la ligne]But you might be interested on affecting different stakeholders
too. We selected three main stakeholder groups:

Families 
Making the children families active stakeholders of the activity brings several
benefits: it Influences also positively the familiar environment of your target group,
spreads the knowledge about STEM and Permaculture on a larger scale, gives the
children the chance to be leader in this knowledge-sharing activity, valorising their 
 experience. It is recommended to plan 3 family days (the last one at the end of the
educational experience) specifically dedicated to parents and grandparents, who
will be welcomed for example in the garden and led by the children in planting
seeds, taking care of the garden and attending workshops.  

School system 
The school system is an educational community which benefits from this learning
experience. In order to do it, you need, of course, to share the experience outside
your target group. Organise one open day, inviting different classes and different
schools in the permaculture garden. Make your target group leader and protagonist
of this sharing session. Remember to prepare specific documentation and
information documents for teachers and to share this guide.  

Your environment (neighbourhood, town/city) 
If you want to impact on your local area, you should involve the local authorities.
Ask them to sponsor the educational experience and to support you in promoting
and sharing the results. Invite some delegates from the local authorities to an open
day and try to raise their awareness about your objectives and methodologies. In
order to design and implement an enriching activity, please identify your
stakeholders and follow the related suggestions in the next form: 
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9.3 Safe and security activities to share with the partners
As we have seen in Chapter 8, The Pedagogical Guide for on-site facilitators, there
are certain risks, when working in nature, which also exist, when children play
outside.  The risks and the solutions adopted to reduce them must be communicated
and shared with the network of Partners and Stakeholders, so that in carrying out
the various activities each one knows his role and what behavior he must maintain.
We suggest two different but equally useful activities:
•     compilation of a safety checklist
•     conducting an educational activity dedicated to the safety topic

9.3.1 Safe and Security Checklist 
Before starting the planned activity, a teacher and/or an on-site facilitator should go
through the Safe and Security Checklist table presented in the next page.

Invite periodically the families to share the learning
process 
Create workshops specifically designed for families
Invite families to the final event and let them act in the
garden managed by the children

Organise one or more open days 
Share the experience outside your target group, inviting
more children and more schools to the open days
Prepare specific documentation to share your
experience. A project’s sheet could be useful.

Share your vision with the local authorities since the first
steps  
Ask formally for sponsorship and/or support in logistic,
communication,etc. Invite the local community and
some delegates to your open day

Children's families 

School system 

Your environment
(neighbourhood,
town, city) 

Stakeholders you
want to involve

Recommended Actions 
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9.3.2 Take a lesson on security 
Students should be aware of the rules to follow during the activity in order to play
safe. Regardless of the teaching activity you have chosen for your class, it is
important to dedicate the first lesson to the topic of safety.We suggest to approach
this lesson with a teaching method that stimulates students’ questions. An excellent
way to conduct this type of lesson is to group the students in a circle around the
equipment (which may  be placed on a table, in a container or on the floor ). The
teacher or expert can illustrate the name, use and dangers of each tool and then ask
the students to do the same in turn. Since it is useful to appoint a tool keeper
among the students, you can make this activity more stimulating by having the  the
children vote for the keeper. In turn, each student can take turns to play this role
during the training sessions that will follow.

Tool Safety for gardening activity 
The activity illustrated in this paragraph shows how to conduct the lesson on safety
using work tools for cultivation or gardening activity (or similar activities) at school.

Check if for your specific activity ask for  specific security rules
and be sure to apply them (e.g. specific security rules related to
beekeeping activities)
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Check National and Regional Law

Your envir
(neighbourh
town, city) 

Safety and Security Checklist 

Check school guidelines for outdoor activity 

Check for allergy sufferers in the group

Check individuals who need specific assistance

Check the availability of an emergency box

Produce and share guidelines with students (about the use and
storage of tools , about hygiene standards, etc.)

Be sure your target is covered by specific insurance for this
outdoor experience

Check possible specific security alerts for your specific activity
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9.3.3 Build a Timeline with all the partners
"He who fails to plan is planning to fail.”  Winston Churchill
Once you have completed the design activity with all the details we have illustrated,
you can move on to the implementation phase. What is needed here is an action
plan where the following elements are evident:

Identify a range of tools 
Use tools correctly and safely 
Choose the correct tool for the task

A simple activity to raise awareness
of tools, their use and how to work
with them safely. 

Learning
Objectives

Explain that gardeners need tools to
help them with their gardening tasks.
Ask a learner to pick up a tool and
guess what it is used for in gardening. 
Let them have a practice with it in a bed
or growing area. 
Name the tool and its gardening uses -
ask a pupil to demonstrate how it is
used. •     Repeat this with other tools
and let other children have a turn. 
Discuss why it is sensible to have a safe
area where tools are stored when not
in use, located by a tool stop sign.
Demonstrate how to carry and work
with tools safely, and to clean off tools
with a brush at the end of a session.
Ask learners to pick out the broken tool
and state why it is unsafe to use.

Your environment

Tool Safety

Estimated time: 30 minutes
Location: Outdoors & Indoors School
term: All year round 
Level of experience: No experience
needed

Preparation: 
Gather pupils together in a circle with
the tools in middle either stored in a
bucket or wheelbarrow, or on a nearby
garden bed.

A range of hand or full size tools,
including one that is unsafe or
broken 
A bucket, tray or wheelbarrow to
store tools safely  
A cleaning brush and gloves 
Paper and pens or pencils

Equipment Needed: 

We recommend that you review the
safety rules of your tools every time a
session is held in the garden.

Timing
Responsibility 

Resources required
Desired outcome

Evaluation Plan 
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Remember that you will need the collaboration of all partners to get a realistic
timeline. Therefore, take advantage of all the remote collaboration communication
tools (which we also talked about in Chapter 8) to carry out this activity as a team.

Furthermore, the action plan and the resulting timeline must be discussed and
shared with the various stakeholders, including the students who will participate in
the activity.It is an excellent idea to print and hang the action plan in class or where
didactic activities take place, so that it is clearly visible to everyone.

Each type of didactic activity chosen to reinforce the STEM skills will have a more or
less lasting timeline. In any case there will always be preliminary activities, properly
didactic activities and finally follow-up activities. Don't forget to include in the
action plan and timeline all the communication activities that you have planned
during the planning phase.  

Getting students to participate in the construction of the action plan is an excellent
opportunity to introduce project management skills. Here is an example of an action
plan that you can fill in and use for your educational activities.

ACTION PLAN
ACTIVITY :

ACTIONS RESPONSABLE
PARTNER/PERSON

FROM TO NOTES
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Progress mechanics (points/badges/leader boards); 
Narrative and characters;

10.1. Background
The problem of declining student engagement and waning student interest
associated to conventional schooling has been affecting learning and motivation in
general. The continuous search of educator for novel instructional technique found
answer in the use of educational games for learning.  Games are found to be
effective in improving skills such as problem-solving and they also teach and
reinforce knowledge.[69]  Gamification is a digital media term, defined as “the use
of game design elements in non-game contexts”.[70]Gamification is distinguished
from educational games that are perceived to be serious in the sense that unlike the
latter, gamification simply uses the elements of a game.  

10.2. Facilitation[71] 
The gamification in education activities requires the educator or facilitator to utilize
game-design mechanics to non-game contexts. Permaculture can be a perfect area
to apply gamification tool. It is a perfect technique to add in a challenge. Game-
based teaching is focused mostly on motivating participants towards a goal, in
expectation of a reward; be it the learning itself or some type of incentive for
achieving the goal. While this is more typical on a “gamified” system, in learning it is
discouraged to have a winner or a loser, maintaining the main objective, which is to
keep the group of participants motivated to learn the subject and arrive -more or
less- at the same point, at the same moment. 

The game-based teaching methodology addresses three main subjects: the rules, the
goals and the rewards. In these, all of the step-by-step completion of the game is
defined a-priori by the educator/facilitator. It is important therefore, to define in
detail what the goal of the game is, what will the rules be, how will the students
achieve the rewards. The key objective to gamifying a learning experience is the
design and incorporation of game elements to the activity and increasing student
motivation to learn and know more. Some elements of games that may be used to
motivate learners and facilitate learning include:[72]· 

10. Gamification& the LivingSTEM IO's 
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Progress mechanics (points/badges/leader boards); 
Narrative and characters;

10.1. Background
The problem of declining student engagement and waning student interest
associated to conventional schooling has been affecting learning and motivation in
general. The continuous search of educator for novel instructional technique found
answer in the use of educational games for learning.  Games are found to be
effective in improving skills such as problem-solving and they also teach and
reinforce knowledge.[73]  Gamification is a digital media term, defined as “the use
of game design elements in non-game contexts”.[74] Gamification is distinguished
from educational games that are perceived to be serious in the sense that unlike the
latter, gamification simply uses the elements of a game.  

10.2. Facilitation [75] 
The gamification in education activities requires the educator or facilitator to utilize
game-design mechanics to non-game contexts. Permaculture can be a perfect area
to apply gamification tool. It is a perfect technique to add in a challenge. Game-
based teaching is focused mostly on motivating participants towards a goal, in
expectation of a reward; be it the learning itself or some type of incentive for
achieving the goal. While this is more typical on a “gamified” system, in learning it is
discouraged to have a winner or a loser, maintaining the main objective, which is to
keep the group of participants motivated to learn the subject and arrive -more or
less- at the same point, at the same moment. 

The game-based teaching methodology addresses three main subjects: the rules, the
goals and the rewards. In these, all of the step-by-step completion of the game is
defined a-priori by the educator/facilitator. It is important therefore, to define in
detail what the goal of the game is, what will the rules be, how will the students
achieve the rewards. The key objective to gamifying a learning experience is the
design and incorporation of game elements to the activity and increasing student
motivation to learn and know more. Some elements of games that may be used to
motivate learners and facilitate learning include:[76]· 

10. Gamification& the LivingSTEM IO's 
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Player control;
Immediate feedback;
Opportunities for collaborative problem solving;
Scuffled learning with increasing challenges;
Opportunities for mastery, and levelling up or identify skills and competences
acquired;
Social connection;

To illustrate the way gamification system works, we use the “Gamification Design
Framework” in order to better understand, plan and design specific gamification for
the permaculture activities that will be created in the framework of this project.

10.3. The Gamification Design Framework
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The different step by step process is
divided in two parts: 

Define part: 
In the step where we connect the
activity with the users.
In the centre, we define what's going to
happen.

Design part: 
It’s a big step with all the concepts
involved in the designof the
gamification

10.4. The LivingSTEM Gamification
The Living Stem project has produced tools and activities in the form of educational
games to assist in the effective learning of STEAM curricula through Permaculture
Design. There are four Intellectual Outputs (IOs) that go with this Manual.
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10.4.1. The Gamification System–Learning Games and Activities (IO2)
Lead: Citizens in Power

The Gamification System offers exciting activities that facilitate the
learning/teaching of STEAM. Through the games, Permaculture is integrated into the
interdisciplinary approach of STEM’s formal curriculum but non-formal and informal
methodologies are introduced. The objective is to be more effective in drawing
interest and enthusiasm from the students thereby deepening their learning
experiences.

Here are 20 games to choose from:
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Games for 
Ages: 10-12 

Subjects/Disciplines Prepared by 

Permaculture &
Renewable Energy 

Permaculture, Engineering,
Technology & other Sciences 

Citizens in Power- Cyprus 

Permaculture & Natural Sciences Citizens in Power- Cyprus 

Citizens In Power- Cyprus

Animals in Nature
Maintenance: Chicken
& Sheep

Permaculture & Biology Ed Consult - Denmark 

Junk Food vs. Healthy
Food

Nutritional sciences Ed Consult - Denmark 

The Spider Web of
Biodiversity 

Natural sciences,
Permaculture & Ecology

EDU Lab - Italy 

The Food Journey Natural science &
Permaculture 

Logopsycom-Belgium 

The Children's Honey
Knowledge Workshop 

Entomology, Ecology &
Permaculture 

Polish Farm Advisory- Poland 

Chemistry, Biology & Arts Polish Farm Advisory- Poland The World of Natural Colours 

Games for 
Ages: 10-14 

Subjects/Disciplines Prepared by 

Observation of
Biodiversity in a Local
Park/Forest with Treasure
Hunt 

Permaculture & Natural
Sciences 

Trànsit Projectes- Spain
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Games for 
Ages: 10-14 Subjects/Disciplines Prepared by 

The Golden Ratio,
Fibonacci & the Bees
+ Permaculture
Design 

Permaculture & all STEAM
disciplines 

Citizens in Power- Cyprus 

Permaculture & Natural Sciences Citizens in Power- Cyprus 

Générations.Bio- Belgium

Permaculture & Biology Ed Consult - Denmark 

Entomology, Ecology &
Permaculture 

Vertical Garden
Permaculture, Ecology,
Science & Arts

Trànsit Projectes-Spain 

Games for 
Ages: 13-14 Subjects/Disciplines Prepared by 

Fractals & Nature
Permaculture & all STEAM
disciplines 

Générations.Bio- Belgium

The Fibonacci Series 
 in Nature

Permaculture, Mathematics &
Arts

Générations.Bio- Belgium

Analysis of different
Terrarium

Permaculture & STEAM Trànsit Projectes-Spain

Bird Boxes: Building &
Learning

Engineering & Technology Polish Farm Advisory- Poland

Permaculture &
Biology

Permaculture & Natural
Sciences

Citizens In Power- Cyprus 

Climate Change & the
UN Global Goals:
What can we do?

Permaculture, Engineering &
Technology

Ed Consult- Denmark

Design an Eco-
Sustainable City

Permaculture, Engineering &
Technology

EDU Lab- Italy

PermaculturART EDU Lab- ItalyArt & Permaculture

Building an Insect
Hotel

Logopsycom-Belgium Permaculture & Biology

Designing a Mandala
Garden

Logopsycom-Belgium Permaculture & STEAM
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10.4.2. The Deck of Cards (IO3) 
Lead: Logopsycom 

The Deck of Cards consist of more than a hundred cards with information on select
plants, animals and converted products. They are beautifully designed using well-
thought of block colours that capture children’s attention. Accordingly designed to
complement the different activities of LivingSTEM, these tools are not only useful in
simplifying complex information for the young students but also in reinforcing the
STEAM subjects that they learn all through the different activities.

IO4. The Ideal Kitchen Garden
Lead: EDU Lab 

The Ideal Kitchen Garden is an intensive learning of permaculture and STEAM laid
out in a playful way. Intertwined with both outdoor and indoor games as well as
classroom learning, the students’ excitement will be pumped up as they design their
own garden. Team work, hands-on and peer-learning, creative-thinking, problem-
solving skills, among others, will be the focus of this activity. The Ideal Kitchen
garden is an activity where ecological topics can be integrated while the students
deepen their appreciation of STEAM subjects while learning permaculture. 

IO5. The Ideal Menu Game
Lead: Ed Consult 

The Ideal Menu game blends serious and timely topics such as the global food
policy and the eating habits of children and breaks them down into more digestible
and creative way of learning. It has comprehensive tools that can be useful for the
educators and exciting for the students: Methodology booklet for teachers, Creative
Activity Pack for the students and Canvas for the Ideal Menu that will help the
students chart the food calories as well as the ecological footprint of their food. 
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IO6. Scientific Videos
Lead: Transit Projected

This activity where practical STEM and Permaculture relevant videos will be
produced by the students themselves, is loaded with technology, creative-thinking 
 and peer-learning methods. A step-by-step guide will help students learn or
enhance their filming skills. The challenge before them is to produce their own
videos, not only as a testimony for their newly acquired STEM and permaculture
knowledge but also to help their classmates deepen their understanding of a
concept through their video. As the videos will be featured in the LivingSTEM
website, it can double the thrill in this activity because the students will realise the
possibility for their film to be used by students  within the international community.
The Scientific Video manual will contain thirty concepts that the students can
choose from as a theme for their film.
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