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ABSTRACT

Indonesia faces major environmental degradation challenges, so students’ interest in nature and environmental
awareness are needed. Permaculture is an artificial ecosystem that promotes sustainable agricultural practice.
Integrating permaculture into education can enhance students’ interest in nature and environmental awareness.
However, a limited study has explored its practical application in educational settings. This study aims to examine
the effect of permaculture integration in education on students’ interest in nature and environmental awareness,
which can support the achievement of quality education according to SDG-4. This study used a quantitative
approach with a quasi-experimental design. The instruments used were a scale to measure students’ interest
in nature and essay tests to measure students’ environmental awareness. Data were analyzed using the Mann-
Whitney U test (U = 0.28) and independent sample t-test (p = 0.40). The results showed that although there was
no significant difference between the experimental and control groups regarding interest in nature and environ-
mental awareness, this study is still important. Based on the scale of interest in nature, most students showed high
emotional, cognitive, and value aspects. However, significant increases in environmental interest and awareness
have not yet been achieved, indicating that permaculture-based learning requires a long-term period to provide
a more tangible impact. It can be concluded that integrating permaculture into education can reinvent students’
interest and environmental awareness.
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INTRODUCTION To overcome or at least reduce the negative im-
pacts of these environmental challenges, it is ne-

Indonesia has abundant natural resources cessary to increase public understanding of the

but faces major challenges, such as increasing
environmental degradation issues (Kurniawan &
Managi, 2018). Various environmental problems
faced include deforestation (Petrenko et al., 2016;
Tacconi et al., 2019), household and industrial
waste (Belinawati et al., 2018; Garg et al., 2018;
Luo et al., 2019), air pollution in urban areas,
smoke from forest and land fires, pesticide con-
tamination, and decreased soil quality (WHO,
2018; EoF team, 2019; Greenstone & Fan, 2019).

*Correspondence Address
E-mail: adenimi@hotmail.com

importance of maintaining environmental quali-
ty and sustainability through education (Nurwi-
dodo et al., 2020). Sustainability issues, primarily
environmental issues, are becoming increasing-
ly relevant in the 21st century (United Nations,
2019; European Commission, 2016).

This situation worsens because students’
access to nature has decreased since the begin-
ning of the 21st century (Gerstein et al., 2021;
Wills, 2024). The transition from face-to-face
learning in schools to distance learning has caus-
ed students to miss important opportunities to in-
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teract directly with nature and communicate with
peers (Prochner, 2021). This challenge further
emphasizes the importance of an educational ap-
proach that can prepare students to face and solve
sustainability issues. In this regard, Education for
Sustainable Development (ESD) is appropriate
to equip students with the necessary knowledge,
skills, and attitudes. As an action-based compe-
tency approach, ESD aims to empower indivi-
duals to take concrete steps in facing sustainable
development challenges, especially in environ-
mental aspects (Sinakou et al., 2019). This state-
ment is reinforced by Wilujeng et al. (2019), who
showed that the ESD approach effectively impro-
ves environmental literacy.

Students’ understanding and skills related
to environmental issues vary across countries and
economies. According to OECD (2019), most
Indonesian students could not respond correctly
to questions on environmental sustainability.
Furthermore, students’ performance on environ-
mental science has not improved over the years
(OECD, 2022). Putri et al. (2025) emphasized
that students’ limited ability to evaluate environ-
mental scientific data should be prioritized. Dji-
rong et al. (2024) found that students’ environ-
mental awareness remains low.

Environmental-based education is needed
as an initiative step to foster students’ interest in
understanding the basic principles of environ-
mental management and increase awareness in
responding to various environmental issues. Edu-
cation can be a solution to address environmen-
tal change and declining biodiversity (Punzalan,
2024). This statement aligns with Karaarslan-
Semiz (2022), who emphasized that students
must be interested in maintaining a balance bet-
ween human and environmental systems. This
understanding can be strengthened through the
guidance of competent teachers in Education for
Sustainable Development (ESD). Furthermore,
integrating hands-on activities and a practical
approach through environmental-based learning
offers students a deeper and more personal con-
nection to nature.

However, education is still developing
quite slowly despite its crucial role in creating a
more sustainable future (Reid et al., 2021). The-
refore, programs must equip students with the
skills to make wise decisions and appropriately
face complex and evolving environmental chal-
lenges (Taylor et al., 2019). Permaculture has
been widely recognized as a sustainable agricul-
tural practice and contributes to biodiversity con-
servation, increasing environmental resilience,
mitigating and adapting to climate change, and
strengthening the social structure of communities
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(Flores, 2018). The permaculture design approa-
ch is inspired by nature to create a sustainable hu-
man living system (Holmgren, 2020; Ross, 2023).
Several countries have integrated the concept
of permaculture into education through nature-
based curricula, such as Kenya (Raynolds, 2022),
the United States of America, and the Philippi-
nes.

Nature-based education provides an in-
novative approach to sustainable learning by in-
corporating natural environments and sustaina-
bility principles into active learning experiences
(Tobroni et al., 2022). Accessible educational
resources ensure quality education (Saini et al.,
2023). Integrating permaculture into education
can promote the achievement of Sustainable De-
velopment Goal 4 (SDG-4) for quality education,
which focuses on ensuring inclusive, equitable,
and lifelong learning opportunities for all. Perma-
culture as a learning resource offers the perspecti-
ve that education can be acquired through various
elements in the surrounding environment, provi-
ding active and contextual learning experiences
(Ozturk & Forsythe, 2024). This is particularly re-
levant considering that current learning processes
tend to be theoretical, which leads to low student
engagement and limited improvement in acade-
mic achievement (Rasmini & Antara, 2023). This
condition highlights the need for a more relevant,
practical, and sustainability-oriented learning ap-
proach, such as permaculture.

A limited study has explored the permacul-
ture-based learning impact on students’ interest
in nature and environmental awareness in educa-
tional settings. Therefore, this study aims to exa-
mine the effect of integrating permaculture into
education on students’ interest in nature and en-
vironmental awareness, which can support quali-
ty education according to SDG-4. Through this
study, it is hoped that individual environmental
interests and attitudes will become apparent, en-
couraging active participation in environmental
protection (Kaiser et al., 2023). Recalling that the
foundation of pro-environmental attitudes begins
to form in childhood (Evans et al., 2018; Chaw-
la, 2020), it shows a general commitment from
all levels of society to protect the environment
(Byrka et al., 2017; Sharpe et al., 2021). By analy-
zing the impact of permaculture-based learning,
this study will provide valuable insights into how
permaculture learning promotes students’ inter-
est in nature and environmental awareness. The
findings contribute to developing more effective
permaculture-based learning to promote various
competencies for students across various educa-
tional contexts.
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METHODS

This study uses quantitative methods
within an experimental framework (Creswell &
Creswell, 2020). The population of this study was
10th-grade students at a high school in Bandung.
The sampling method used was cluster sampling,
where each group was treated as one cluster (Elfil
et al., 2017). Two groups were randomly selected
to represent the population. The sample in this
study consisted of 24 males and 26 females aged
15-16 years. This study was conducted from Oc-
tober to December 2024. This study focused on
biodiversity and ecosystem topics related to en-
vironmental issues. In the biodiversity material,
students learn about flora and fauna in the perm-
aculture system, identify problems, and find solu-
tions to environmental damage that can cause the
loss of flora and fauna. In ecosystem learning,
students learn about ecosystem components,
species interactions, and biogeochemical cycles,
which are important for understanding and over-
coming environmental challenges.

This study used a non-equivalent (pretest
and posttest) control-group design. This design
has experimental and control groups; both take
a pretest, and the experimental group receives the
treatment. The posttest-only design was applied
specifically for environmental awareness (Fraen-
kel et al., 2023). Thus, students from both groups
took the test only after completing all learning
sessions. This study involved one control group
and one experimental group, each participating

Table 1. Nine Aspects of Interest in Nature

in two different learning settings. The control
group followed regular learning methods, while
the experimental group engaged in permaculture-
based learning.

The instruments used in this study were
a scale to measure students’ interest in nature and
essay tests to assess their environmental aware-
ness. The instrument selected for this study was
developed and validated rigorously to ensure vali-
dity and reliability (Arnold & Kaiser, 2016; Neu-
rohr et al., 2024). The measurement of interest in
nature was designed based on the main aspects
outlined in Table 1. The aspects of interest in
nature include emotional, cognitive, and value-
based components, each represented by three
items, which meet the minimum requirements
per factor (Whitburn et al., 2020). The scale of
interest in nature consists of 9 items administered
to tenth-grade students. Participants were asked
to rate their level of agreement with each state-
ment using a 5-point Likert scale (0 = strongly
disagree, 1 = disagree, 2 = somewhat agree, 3 =
agree, 4 = strongly agree) (Neurohr et al., 2023).

The N-Gain value and statistical t-test
were used to analyze the research data. Students’
interest in nature improvement was analyzed
using the N-Gain of both groups. A t-test was
applied to analyze the difference in posttest out-
comes between both groups for interest in natu-
re and environmental awareness data. Due to its
non-normal distribution, the Mann-Whitney U
test was used for students’ interest in nature data.

Indicator

References

Aspect

Content Description

Emotional Emotional

Cognitive

Value

Tendency
Towards Nature

Concern for Nature
Environmental Identity

Connectedness to Na-
ture

Environmental
sion

Inclu-

Connectedness to the
Environment Index

Commitment to the
Natural Environment

Connectedness to the
Environment

Natural
Empathy

Dispositional

Emotional disposition towards
including responsible ownership

nature,

Awe, wonder, and concern for nature
Connectedness to nature from experience,
self-concept, and perception

Actions based on drive, desire, and experi-
ence with environmental activities
Response to statements that appreciate the
environment

Appreciation of nature, compassion for liv-
ing things, and oneness with nature
Satisfaction and involvement with nature
lead to good action for the environment
Relationship with the land, animals, and
plants and respecting and treating them as
fellow beings

The role of the individual as a recipient of
the impacts experienced by the environment

Miller et al.
(2009)

Perkins (2010)

Clayton &
Opotow (2003)

Nisbet et al.
(2009)

Briigger et al.
(2011)

Cheng and
Monroe (2012)

Davis et al.
(2011)

Pretty (2002)

Tam (2013)
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RESULTS AND DISCUSSION

Biology learning in nature through the
permaculture program is designed to support the
achievement of the Sustainable Development
Goals (SDGs) under the Indonesian curriculum
in phase E of the Ministry of Education, Cultu-
re, Research, and Technology in 2024. This effort
focuses on achieving sustainable development
goals. Permaculture is an approach designed for
sustainable development by emphasizing the qua-
lity of students. This aligns with Spangler et al.
(2021), who stated that permaculture education is
student-centered and has social and environmen-
tal insights. This education aims to support indi-
viduals in recognizing and utilizing their unique
potential to the maximum so that they can contri-
bute significantly to meeting the needs of society.
In permaculture activities, students are involved
in location-based and behavioral management
practices in local vegetable fields whose activities
encourage sustainability (Holmgren, 2020).

Furthermore, permaculture learning is
not isolated or limited to a particular context.
Instead, it is a fundamental and ongoing quality
in all permaculture practices, individually and so-
cially. It is relevant for both beginners and lifelong
practitioners. One of the main focuses of lear-
ning is understanding issues such as biodiversity

Table 2. Students’ Interest in Nature
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loss and food waste. UNESCO (2014) explains
that the learning areas in Education for Sustai-
nable Development (ESD) include key themes
such as climate change, disaster risk reduction,
sustainable consumption and production, and bi-
odiversity. The learning stations in permaculture,
such as fruit and vegetable gardening, aquaponic
systems, composting sites, and black soldier fly
farms, help students understand the core con-
cepts of biodiversity and ecosystem while promo-
ting sustainable agricultural practices.

During the learning process in the perm-
aculture environment, teachers guide students to
realize and understand the systemic relationships
between humans, plants, animals, water needs,
and other environmental interactions. This ap-
proach helps students make decisions indepen-
dently to balance healthy ecosystems, sustainable
and equitable economies, and inclusive social
systems for all parties (Wibowo et al., 2023). The
permaculture system also encourages students to
recognize their position in the environment and
build strong motivation or interest in addressing
various environmental problems, as described in
Table 2. In addition, outdoor permaculture edu-
cation can broaden students’ understanding of
the complex structure of the planet and strengt-
hen their relationship with the environment whe-
re they live (Habib & Fadaee, 2022).

No Data Control Experimental

1 Respondent (n) 23 25

2  Mean 83.61 89.20

3 Standard deviation 6.73 4.24

4  Minimum value (min) 71 88

5 Maximum value (max) 100 100

6 N-gain Value 0.5 0.6
Interpretation Medium Medium

7  Normality Shapiro-Wilk 0.007 0.031
Interpretation Data is not normally ~ Data is not normally

distributed distributed

8 Homogeneity Homogeneity 0.34
Interpretation Data variances are homogeneous.

9 T-test Mann-Whitney U 0.28
Interpretation Not significant

The scale of interest in nature includes
emotional, cognitive, and value interests in stu-
dent involvement in environmental issues. This
interest can encourage them to participate in
activities that support environmental sustainabi-
lity and conservation. The results of the Mann-

Whitney U study showed 0.28 (not significant).
The influence of students’ interest in nature was
not significant enough to produce differences bet-
ween the tested groups, as both studied outdoors
but only in different locations. The students in
the control group explored the school surroun-
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dings (fish pond and mini garden), while the ex-
perimental group explored the learning stations
in the permaculture. Vasilaki et al. (2025) stated
that most studies have shown that outdoor lear-
ning can improve students’ attitudes towards
the environment. This suggests that, in general,
outdoor learning as implemented in control and
experimental groups can contribute equally to
improving students’ attitudes towards the envi-
ronment, meaning that both groups learn in an
outdoor environment that effectively represents
the main aspects and components of the natural
environment. The outdoor learning setting in the
permaculture system is inherently more comp-
lex, as it has specially designed learning stations
that represent various aspects and concepts of the
environment in an integrated manner. However,
the short time allocation for outdoor learning bet-
ween the two groups seemed to have little impact
on the differences in students’ interest in nature.
Mann et al. (2022) argued that a longer interven-
tion duration is needed to gain a more compre-
hensive understanding of the impact of outdoor
learning.

Students’ interest in nature responses in
the experimental group can be influenced by va-
rious factors, such as lack of understanding of the
concept of sustainability (Zhao & Cheah, 2023),
ignorance of the importance of sustainability
education for motivation, and as many as 63-99%

of students making mistakes in writing biological
terminology (Rogers et al., 2025). These factors
highlight the complexity of fostering environ-
mental interest in students and underline the need
for a more comprehensive approach, such as di-
rect involvement in permaculture design practices
for sustainability or plant planting simulations to
familiarize themselves with plant types better to
foster their interest during outdoor learning.

However, this learning is still important,
as evidenced by the Likert scale data analysis
students filled out in Figure 2. The experimental
group showed a better outcome in some aspects
than the control group. Therefore, additional ap-
proaches are needed to increase students’ interest
in nature. If students spend less time outdoors,
their bond with nature weakens, decreasing inte-
rest in nature (Mann et al., 2022). Students can
reduce their environmental impact and support
biodiversity recovery (Richardson et al., 2020).
Students’ activities in nature can influence their
interest and relationship with environments
(Chawla, 2020), nature exploration with such
activities mentioned by Mohamed et al. (2021):
jungle trekking, camping, trail walking, practi-
cing outdoor sports, and playing near forest areas.
Neurohr et al. (2024) suggest that these activities
appear important for developing a stronger rela-
tionship with nature.

Nature Interest Scale

74%

70
60
50
30
19%
20
7%
0% 0%
0

Emotional

52%

Percentage
£
o

-
o

26%
22%
0% 0%

Responses
Strongly Agree
Agree

Somewhat Agree
Disagree
Strongly Disagree

19%

0% 0%

Cognitive Values

Categories

Figure 1. Students’ Interest in Nature

The study showed that the permaculture
program significantly impacted students’ emotio-
nal, cognitive, and value relationships with natu-
re. In the emotional aspect, 74% of respondents
strongly agreed, 19% agreed, and 7% somewhat
agreed to have a high emotional closeness to na-
ture. These results are reflected in their respon-
sibility and concern for the environment during
field practice. Caring for plants and understan-

ding ecosystem cycles create profound emotio-
nal experiences. This aligns with Johnstone et al.
(2022), who found that students’ engagement in
nature-based learning can influence their emotio-
nal perceptions of nature.

In the cognitive aspect, half of the students
strongly agreed, 26% agreed, and 22% somewhat
agreed that natural experiences and activities di-
rectly increase their knowledge. Students learn to
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understand the systemic relationships between
humans and the environment through perma-
culture practices, such as biodiversity, water con-
servation, and organic waste management. Wills
(2024) also argues that nature-based learning in-
creases students’ understanding of the intrinsic
value of the environment. Further studies are
needed to identify what types of knowledge are
most effectively taught through the permaculture
approach.

The value aspect also showed positive re-
sults, where 59% of respondents strongly agreed,
22% agreed, and 19% quite agreed to have a high
commitment to nature conservation. Students
showed a deep appreciation and empathy for li-
ving things and the environment. Sustainability
values integrated into the permaculture encoura-
ged the students to take real action, such as ma-
king compost and managing gardens organically.
The lack of data and research on the effectiveness
of permaculture education for students is an ob-
stacle to its widespread implementation. Torsdot-
tir et al. (2024) stated that students’ values and
understanding of sustainability influence their
actions in supporting sustainable practices.

Learning through a permaculture program
aligns with the concept of ESD, which emphasi-

197

zes integrating social, environmental, and econo-
mic aspects in the learning process. The permacul-
ture approach supports students in understanding
the systemic relationship between humans and
the environment while teaching holistic thinking
in achieving sustainability (Leni-Konig, 2020).
Nature-based learning plays an important role
in creating balance between healthy ecosystems,
sustainable economies, and equitable social sys-
tems. For the permaculture program to run opti-
mally, active support is needed from educational
institutions and partnerships with organizations
working in the environmental field.

Students’ involvement in permaculture
activities positively impacts the development of
their exploration, creativity, and imagination.
This helps to foster a deep love for the environ-
ment from an early age. As expressed by Colla-
do et al. (2020), nature-based activities have the
potential to create sustainable environmental
awareness, as displayed in Table 3. Overall, the-
se findings suggest that permaculture is an inno-
vative and effective approach in supporting the
achievement of SDG-4, although a more planned
strategy is needed to increase its implementation
and impact in the long term.

Table 3. Posttest Data of Students’ Environmental Awareness

No Data Control Experimental

1 Respondent (n) 25 25

2 Minimum value (min) 27 36

3  Maximum value (min) 91 91

4  Mean 60 67

5  Normality Shapiro-Wilk 0,05 0,05
Interpretation Normally distrib- Normally distrib-

uted uted

6  Homogeneity Levene Test 0,11
Interpretation Homogenous

7  T-Test Independent Sample T-Test 0.40

Interpretation

Not significant

The results showed that the control and
experimental groups demonstrated a high level
of environmental awareness after learning. Desc-
riptive statistical analysis showed a difference in
mean scores between the two groups, although
the difference was insignificant. Boermans et al.
(2024) suggest that the impact of interventions
on improving environmental awareness may vary
among students and can be influenced by their
initial awareness. These results reflect that both
learning strategies can promote environmental
awareness for the students. However, the inde-

pendent sample t-test results revealed a p-value
of 0.40, higher than the significance threshold of
0.05. These results indicate no statistically signi-
ficant difference between the control and expe-
rimental groups, even though the permaculture
program had been applied to the experimental
group. In other words, the permaculture appro-
ach has not significantly impacted the short term
compared to conventional learning methods.
These findings provide several important
implications. One is that the impact of the perm-
aculture program requires a longer time to show
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statistically significant results. A longer interven-
tion duration allows students to explore perma-
culture concepts further and internalize them in
their daily behavior. This statement is supported
by Andriansah and Irianto (2024), who stated
that the intensity and duration of experimental
treatment in learning affect learning outcomes.
In addition, the program implementation met-
hod needs to be more effective, such as increa-
sing direct practice activities involving students in
interactions with the environment, such as pro-
per games and active learning tools, to provide
sustainability knowledge and skills (Kioupi et al.,
2021). External factors play an important role in
shaping environmental awareness, so there needs
to be a collaborative approach involving various
parties, including parents and society.

Although the results of this study did not
show a statistically significant difference, this fin-
ding is still relevant to support Polikovsky et al.
(2018) and Khoiri et al. (2021). Previous studies
have shown that environmental competence is
actively dedicated to a higher purpose: balancing
a better quality of life and environment. Envi-
ronmental awareness develops through students’
direct experiences in interacting with nature.
Students have direct experience interacting with
nature during field learning because the perma-
culture program has a field-based practice appro-
ach. This program can be an effective strategy for
developing environmental awareness if applied
continuously. Environmental awareness develops
students’ knowledge and fosters essential compe-
tencies for sustainability practices.

A more systematic, holistic, and sustai-
nable approach is needed to ensure success in
arousing students’ interest and environmental
awareness through biology learning. This appro-
ach should include a more profound integration
of permaculture programs into the curriculum.
The ecopedagogy curriculum in Kenya (Epstein,
2022) may be an example of how educational in-
stitutions support nature-based learning by pro-
viding appropriate facilities and collaborating
with environmental organizations to offer richer
experiences. As stated in the 2030 SDGs Agen-
da, awareness and knowledge are key elements
of education that must be developed to achieve
the SDGs. Thus, efforts to develop environmen-
tal awareness through permaculture programs are
relevant and important in building a generation
that cares more about and is responsible for the
environment.

CONCLUSION

This study shows that integrating perm-
aculture into education can promote students’
interest in nature and environmental awareness.
Although there were no significant differences
between the experimental and control groups,
permaculture holds great potential for sustainab-
le education. Challenges such as cost and lack
of implementation data remain barriers. This
finding suggests that permaculture-based lear-
ning offers a new hands-on activity to enhance
students’ interest in nature and environmental
awareness. Integrating permaculture in educa-
tion could become a key and innovative tool in
shaping students’ interest in nature and environ-
mental awareness. Further research on the effecti-
veness of permaculture-based learning in various
contexts is also needed.
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