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AbSTRACT
ecosystems around the world are threatened by the colossal rate of human deve-
lopment. as a result, sound ecological literacy is necessary for people to make infor-
med decisions that do not endanger the environment. local ecological knowledge, 
innovations and practices of local communities are relevant for the conservation of 
ecosystems and their sustainability. this chapter focuses on ecological education as 
a form of education for sustainable development. the project was carried out with 
schoolchildren from two urban schools in malaysia where the students undertook 
projects to reduce the generation of waste by converting it to organic fertiliser and 
other materials. the project also provided opportunities for students to explore and 
raise their awareness about the heritage related to the local flora and fauna. the 
effect of students’ participation in ecological education activities on their ecological 
literacy, ecological thinking and local ecological knowledge were investigated. 
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INTRODUCTION
the ecological balance of the global ecosystem is under immense threat as a result 
of ever-increasing development and consumption of the world’s natural resources. 
changes in the global ecosystem are largely influenced by human disturbances. due 
to the effect of these disturbances on the diversity of species, renewal of systems 
and the structure and function of ecosystems, the role of humans must be included 
within any consideration of ecological, evolutionary and environmental processes 
(Wallington et al., 2005). humans are thus an integral part of the global ecosystem 
(smith, 2008/9). this relationship between humans and nature is a function of 
the experience and environments within which people live (schroeder, 2007). Yet 
people continue to live unsustainably (deluca, 2005) and rampant use of the earth’s 
resources has seen the exacerbation of natural disasters. 

disturbances to the environment due to development have caused ecological 
imbalances in the global ecosystem. one of the major impacts has been on the 
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vertebrate species population across the world, as demonstrated by changes in the 
living planet Index (lpI). the lpI for vertebrates refers to the percentage of global 
vertebrate species population that have decreased since 1970 to the year of the 
report. the lpI for vertebrates risen from 28% in 1970 to 52% by 2010. this means 
a huge reduction of more than 50% in vertebrate species biodiversity in the past 
42 years. humans also place an excessively high demand on the earth’s resources, 
beyond the capacity of the earth today. this is measured by the global ecological 
footprint, that continues to increase and is estimated to be 1.5 earths in 2014. this 
is the size of the earth that is required to provide  the amount of natural resources 
necessary to satisfy current human consumption (WWf, 2012; WWf, 2014). With the 
current alarming rate of human consumption of natural resources, it is difficult to 
be certain that the generations of the future will have adequate access to these 
resources. development is deemed to be sustainable by giving due attention to the 
economic, social and environmental dimensions.  however, economic development 
seems to be the main focus, to the detriment of the environment (WWf, 2014), yet 
the economic and social domains depend on the ecological systems of the world.  
  
local ecological knowledge (leK) has been described as the knowledge, practices 
and beliefs that a person has about local ecological relationships. leK is a shared 
knowledge within a community  and is acquired as a result of the experiences in, 
and observations made by, an individual about local ecosystems. When this know-
ledge is handed down through generations and then added to the new knowledge 
acquired by subsequent generations, it is known as traditional ecological knowledge 
(teK) (chamley, fischer and Jones, 2008; Gilchrist, mallory and merkel, 2005). 

leK held by young people is important as they will inherit the earth of tomorrow. 
however, changing economies in developing countries have diverted young people 
away from their traditional homes to more urban areas for education and work. In 
developing countries, urbanisation has also caused changes in the livelihoods of 
residents as they move away from the natural resource based lifestyle they used 
to follow. In doing so, there is a decline in the leK they hold, as their new lifestyle is 
no longer based on the natural resources around them (punch and sugden, 2012). 
people in rural areas are able to identify more ecosystem services as their livelihoods 
are closely interrelated with the environment (martίn-lόpez et al., 2012). the rural 
people in this study were mostly from the older generation, while the younger 
generation tend to be located in the urban areas. these young people tend to 
have a perception of the natural environment based on what they learn in schools 
and institutions. a study of young people in australia revealed that those who 



151

reported strong, positive environmental intention and behaviour, had a higher level 
of environmental knowledge and concern. they also reported less environmentally 
harmful behaviour by this group (fielding and head, 2012). however, people who 
are knowledgeable about the environment do not necessarily display good envi-
ronmental behaviour.

the leK held by a community is often different to views about biodiversity held 
by other groups. however it is important that sharing of leK with other concer-
ned parties is encouraged to facilitate more effective biodiversity conservation 
(chamley, fischer and Jones, 2008). teK is also deemed important in the utilisation 
and management of natural resources for sustainability (phuthego and chanda, 
2004). leK is gaining importance as it is seen to be an essential component in the 
documentation of environmental change (beaudreau and levin, 2014) and planning 
of urban land use (Yli-pelkonen and Kohl, 2005). 

as a result, every effort should be taken to reduce biodiversity loss and to conserve 
natural ecosystems. Improved ecological literacy and ecological thinking among 
the public may help reduce the problems of biodiversity loss and local ecological 
knowledge may be important to understand the ecology of different localities and 
in placing local problems in an appropriate context.

ECOLOGICAL EDUCATION  
ecological education is a pedagogical approach that is continuously evolving 
through the inclusion of ideas and values held by different communities (duenkel 
and pratt, 2013). the authors propose that this approach be governed by certain 
principles including the infusion of key ecological concepts across different educa-
tional settings and the ecological identities traditionally held by local communities. 
some of the key ecological concepts are inter-relationships and interactions within 
ecosystems, diversity, communities and ecosystem change. ecological identity 
refers to views held by people about their role on this planet. another principle 
is that ecological education should be context based, be it cultural, locality based 
or through inter – and intrapersonal contexts. thus ecological education is seen 
to place importance on the relationships that exist between specific biomes and 
cultures. cultures that have developed practices that are compatible with the 
specifics of the ecosystem they are part of, tend to be more sustainable (smith and 
Williams, 1998). ecological education can be a plausible approach to educate people 
on ecosystems and the effect of human influence on them. Its design should include 
ways to improve ecological literacy and ecological thinking.
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Ecological literacy
there are different but related approaches to ecological literacy. an extensive review 
by mcbride et al. (2013) suggested that ecological literacy can be described in 
terms of a framework that encompasses three components: ecological knowledge, 
cognitive skills and systems thinking. ecological knowledge refers to a knowledge of 
ecology, socio-politics and environmental issues. cognitive skills are those skills ne-
cessary in ecological literacy and encompasses scientific enquiry. systems thinking 
as a component of ecological literacy involves understanding the workings of the 
ecosystem, the dynamics within an ecosystem and the interrelations between the 
bio-physical and social components of particular environmental situations. In this 
case, ecological literacy refers only to ecological knowledge.  

ecological literacy is found to be low among many sections of society, from primary 
school children (cutter-mackenzie and smith, 2003) to adult teachers. hashimoto-
martell, mcneill and hoffman (2011) also reported below average ecological literacy 
among urban youth. however a high level of ecological literacy is necessary for peo-
ple to make informed decisions that do not endanger the environment. ecological 
literacy is a key concept that necessitates a change of worldviews. In view of this, 
education at all levels should integrate ecological consciousness into the education 
agenda (hampson, 2012). powers (2010) recommends that young people should be 
taught ecological literacy so that they can be equipped with the necessary tools 
and knowledge when dealing with environmental issues. In malaysia ecological 
consciousness and ecological literacy is incorporated into environmental educa-
tion initiatives, the main pathway to raising environmental awareness (unescap, 
2000). some initiatives are carried out in informal settings such as museums 
(ng, 2008), nature parks (sabah Wetlands conservation society, 2012; Yusof, 1999) 
and non-governmental organisations (singh and Rahman, 2008, sabah Wetlands 
conservation society, 2012).  environmental education has also been implemented 
in formal settings such as schools. although labelled as environmental education, 
aspects of ecological education are embedded in the initiatives (Kamidin et al., 2011).  

Ecological thinking
ecology as a science is evolving and undergoing several changes in emphasis and 
perspective (Wallington et al., 2005). a study on the ecological thinking among eco-
logists by moore et al. (2009) revealed a diversity of views and approaches. General-
ly, there was widespread agreement on ecosystems being in non-equilibrium. they 
also agreed that there are multiple organisational levels and the role of functional 
diversity in changes to the environment. however there were disagreements about 
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predictability of succession, the concept of patchiness, and the shift of focus from 
species to ecosystem processes. central to the thinking about ecology is the place 
of humans. changes in  ecosystems are largely influenced by human disturbances. 
due to the effect of disturbance on the diversity of species, renewal of systems and 
the structure and function of ecosystems, the role of humans must be included as a 
necessary part of ecological, evolutionary and environmental processes (Wallington 
et al, 2005). thus there is a need to include values held by society, indigenous and 
local knowledge in ecology. this view is congruent with the frame of mind in 
sustainability that humans are connected with their origins and with what sustains 
them (bonnett, 2002).  It also reflects the ecological thinking that sees humans as 
being an integral part of the ecosystem (smith, 2008/9). this relationship between 
humans and nature is a function of the experience and environments within which 
people live (schroeder, 2007). 

ecological thinking has been described as a combination of ecological under-
standing, environmental awareness and the ability to discern the influence of 
human action on the environment (balgopal and Wallace, 2009). It is also about 
the decision making that applies ecological understanding, and it consists of four 
factors (mcbride, 2011). the first is critical thinking and its application, meaning 
that an individual is able to identify, evaluate and apply ecological evidence in 
decision making related to ecological issues. the second factor is understanding 
the uncertain nature of ecological science. this means that ecological patterns and 
processes occurring in nature vary according to space and time, are probabilistic, yet 
are inter-dependent and interrelated. the third factor is biogeography. this refers to 
appreciating ecology at different scales in time and space. the individual is able to 
think in terms of historical time and evolutionary time, and that the environment 
changes according to scale of space. the fourth factor refers to the ability to make 
connections that occur in ecological processes and systems. 

Local Ecological Knowledge
as already stated above, traditional ecological knowledge (teK) refers to knowledge 
embedded in the culture of local communities for centuries, having been passed 
down and applied by these communties through generations (mamun, 2010). local 
ecological knowledge (leK) is often used interchangeably with teK. however leK 
has a shorter history in that it does not involve so many levels of intergenerational 
transfer, but will become teK as communities continue to use it over many genera-
tions. communities use leK to source  ecosystem services and natural resources, and 
to respond to fluctuations that occur in the ecosystem. thus leK is cumulative in 



154

nature, but remains dynamic as local communities adapt to environmental changes. 
extracting leK from these communities is valuable in conservation.   

transferring leK to the younger generation is an important conservation action. It 
can help improve knowledge of local ecosystems, their functions and local traditions 
that use these resources and at the same time help protect and preserve them. 
many of today’s young people have limited or no knowledge of leK for various 
reasons. development, urbanisation and modernisation has caused a diminishing 
of leK. this is further exacerbated by the passing away of  older generations that 
hold this leK not being replaced by a younger generation that has this knowledge. 
a study by pilgrim et al. (2008) across three countries indicated that leK is higher in 
lower income communities compared to their wealthier counterparts. as the eco-
nomic status of communities improve, they become less reliant on local resources. 
thus leK becomes concentrated among those with personal interest  due to their 
resource dependent career, lifestyle or study field. the loss of leK is also found to 
be faster in more economically endowed communities. With higher incomes, com-
munities have greater access to, and dependency on, commodities available in the 
markets. they are less reliant on local resources, thus have less need to acquire leK 
for their survival. this also leads to reduced sharing of leK between the older and 
younger generation. pilgrim et al. (2008) raised concerns about the threat to leK due 
to improved economic growth across the globe, leading to the declining capacity 
of local communities in the management of the also diminishing  environmental 
resources in their locality. 
 
 
INTEGRATING LOCAL KNOWLEDGE IN ECOLOGICAL EDUCATION  
an ecological education project was carried out in two schools located in two 
different urban areas in malaysia. participation in this project was initiated by 
the schools, as part of their Green school activities and their collaboration with 
higher education Institutions. the school administration approached the researcher, 
and after discussion, both parties agreed on the project. the research approach 
incorporated in this project utilised the quasi-experimental method applying the 
one sample non-equivalent group design technique. a pre-test and a post-test was 
conducted to collect data on students’ ecological literacy and ecological thinking, 
using a questionnare adapted by the research team. the questionnaire consists 
of a section on demography, and sections on ecological literacy and ecological 
thinking consisting of five point likert scale items. Interviews that focused on local 
knowledge were also held at the end of the project. after the administration of the 
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pre-test, a workshop was carried out to train students to produce vermicompost – a 
worm produced organic compost. students were also briefed on the tasks they were 
to complete in this project.   
 
a total of 108 students aged between 14 and 16 years from the two secondary 
schools participated in this project. two teachers from each school co-ordinated 
the project in their respective schools. from time to time, the research team visited 
the schools to follow up on their progress and to provide help, particularly in the 
vermicompost production. the project was conducted as a co-curricular activity run 
by the students outside school hours. this meant that the students stayed on after 
school for about two hours for this activity. this arrangement work in malaysian 
schools as co-curricular activities are compulsory for all students. the ecological 
education project was linked to the school science curriculum as observations are 
made on plant growth, other living things associated with the plants student grow, 
the role of the associated plants and animals and the identification and uses of 
these plants. the project was also linked to bahasa melayu,the national language.

In the project, students worked in groups of ten, and each group was allocated a plot 
of land in the school grounds to grow plants of their choice. students were tasked 
to grow plants based on a chosen theme. the themes related to the local culture, 
such as local food, traditional remedies, and local sayings such as proverbs. some 
of the themes were a Jam garden, an Indian herb garden, skin care garden, laman 
peibahasa (proverb lawn) and so on. the plants grown in these plots were local 
plants. for example, in the Jam garden, students planted sugar cane, the peanut 
plant, pandan (screwpine) and roselle. thus students needed to research  the local 
plants they should grow to fit with their chosen theme. they learned to identify the 
plants and find out the method for growing the plants. When their gardens were 
ready, members of each group took turns to care for the garden including daily 
watering and observation.
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Image 1. Students showing the plants in their plot

Image 2. The jam garden

Image 3. The Chinese herb garden and skin care garden
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Image 4. The Heritage garden (Laman Warisan) and the Proverb Lawn (laman Peribahasa)

       

Image 5. The passion fruit vine and fruit

plants were fertilised using organic fertiliser that the students had made them-
selves. they used food scraps, lawn waste and cow dung to produce vermicompost. 
they also composted some of the organic waste generated within their schools. 
composting and vermicomposting are natural processes that occur in undisturbed 
forests, contributing to the nutrient cycle that nourishes the flora. by replicating 
these processes, students were able to see the interrelationship between elements 
in the ecosystem and how the ecosystem provides services through the processes 
that occur within it. It is hoped that such an experience will have some influence on 
their ecological thinking.

as part of their project, students were also required to investigate local knowledge 
about the plants in their garden. apart from sourcing information from books and 
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the internet, they also interviewed  people in their community who had knowledge 
about these local plants, particularly the older generation. they also gathered 
information from their respondents about the benefits and use of these plants by 
the local people.

ECOLOGICAL EDUCATION, LOCAL KNOWLEDGE AND CHANGES IN STUDENTS’ 
ECOLOGICAL LITERACY AND ECOLOGICAL THINKING.
as shown in table 1, students’ ecological literacy and  ecological thinking was less 
than 80 percent of the total score for each category before the start of the ecolo-
gical education activity. however, participation in the ecological education activity 
showed improved results. there was a 5.7% increase in the mean score for ecological 
literacy and a 5.6% increase in the mean score for ecological thinking after the 
project. the gains in ecological literacy and ecological thinking are statistically 
significant, at the p < .05 level with an effect size of 0.28 and 0.22 respectively. It 
can be inferred that the students’ experience in the ecological education activity 
has contributed to their improved ecoliteracy by 28 percent, and their ecological 
thinking by 22 percent. 

Table 1  Changes in students’ ecological literacy and ecological thinking

a closer look at a few of the questionnaire items show the nature of these changes. 
table 2 and table 3 list selected items for ecoliteracy and ecological thinking, re-
spectively.

Item Test N Mean Total 
score

Mean 
as % of 
total 
score

Std. 
Deviation

t p Ƞ2

Ecological 
Literacy

pre-
test

108 184.47 240 76.86 10.61 -9.15 .01 0.28

post-
test

107 198.07 82.53 11.17

Ecological 
thinking

pre-
test

108 90.81 120 75.68 6.56 -7.76 .01 0.22

post-
test

107 97.54 81.28 6.15
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Table 2  Example of ecological literacy items and students’ responses

In the examples given in table 2, a greater proportion of the students agree to 
the statements given after the project. this is probably due to their experience of 
working in their own gardens and sourcing  information about the plants they grew 
in their garden. In preparing their garden, students had to clear the plot of land 
allocated to them and most of them started planting on bare soil. they also became 
more alert to the plants and trees that they saw around them, as for instance, more 
students knew that rubber trees shed their leaves when there is prolonged absence 
of rain. 

Table 3  Example of ecological thinking items and students’ responses

as shown in table 3, students demonstrated an improved understanding of certain 
phenomena and the reasons behind certain occurrences.  
Interviews with students at the end of the project revealed that they have local 
knowledge about the plants they grew in their garden plots as well as about some 
of the animals that visited their gardens. the interviews were carried out in two 
phases. In the first phase, the research team visited the garden and interviewed 

Item Test Frequency of responses (%)

Strongly 
disagree

Disagree Agree Strongly 
agree

X2 p

Matter present in a tropical 
rainforest is recycled

pre-test 3.8 34.6 49.0 12.5 14.01 .01

post-test 1.9 16.0 54.7 27.4

The first plants to grow on bare land 
will change the soil properties

pre-test 3.7 24.3 56.1 15.9 12.52 .01

post-test 0.9 8.4 68.2 22.4

The leaves of rubber trees will fall 
during drought season

pre-test 12.4 37.1 43.8 6.7 21.45 .01

post-test 0.9 23.6 56.6 18.9

Item Test Frequency of responses (%)

Strongly 
disagree

Disagree Agree Strongly 
agree

X2 p

Vegetables that are grown 
alternately with legumes can protect 
soil fertility

pre-test 2.8 21.3 55.6 20.4 10.75 .01

post-test 0.9 12.1 47.7 39.3

Excessive fertilisers washed into 
rivers by the rain can cause more 
kiambang to grow

pre-test 11.3 22.6 57.5 8.5 9.53 .02

post-test 9.4 22.6 44.3 23.6

Leaves that fall in the yard and 
allowed to rot there will increase the 
soil nutrients

pre-test 2.8 25.9 49.1 22.2 14.12 .01

post-test 1.9 9.3 48.6 40.2
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the students on site. students explained the theme they had chosen and the plants 
they grew. In the second phase, the students talked about their project as a whole. 
this was conducted in the school building. before the start of the programme, very 
few of the students could name the plants and animals that they saw around them. 
this was also true for other organisms that were present in their environment. fur-
thermore before the project they did not know much about the local plants around 
them or their ecology. for example, many of them did not notice that certain bird 
species frequented the school yard or their homes. In terms of ecological literacy, the 
project has encouraged students to be keener observers of what takes place in their 
garden and to identify visitors to their garden. as they progressed with the activities 
in this project, they began to make a greater note of the biodiversity. they could see 
that certain insects visited the plants they grew, and went on to investigate the 
role of these insects in their garden plots. they became more aware of the insects 
that frequent the plants they grow, and went on to discover whether these were 
beneficial or detrimental to their plants. they made similar investigations about 
other animals and new plants that appeared among their plants. they also identi-
fied other invertebrates and birds they saw in their garden and school grounds. to 
support their observations, they included photographs of the birds in their report. a 
few even reported that they had civets as visitors and showed the objects that they 
claimed to be the civet droppings. students became more aware of the role of these 
organisms and the interrelationships between them. 

Image 6. Visitors to the compost heap
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Image 7. Roselle jam in the bottle and in jam sandwich

Image 8. A Roselle fruit and the sugarcane plant from the Jam garden

through the project, students also discovered new knowledge, especially about the 
plants in their locality. one example of this is that they learned about the healing 
properties of certain herbs they planted. for instance, the students  learned that 
turmeric can be used in treating pimples and to reduce the amount of body hair. 
to do this the rhizome of the turmeric plant is crushed to a pulp and applied on 
the face or other parts of the body. one of the students even tried it on herself to 
test the claim and gave a positive testimony to this healing property. the curry 
leaf, commonly used in the food of the Indian and malay community, is also said 
to reduce hair fall and strengthen the hair. curry leaves are documented as having 
antimicrobial and medicinal properties, apart from being an ingredient in food 
(malwal and sarin, 2011; suman singh et al., 2014; vandana et al., 2012). according 
to harish et al. (2012), poisonous animal bites can be treated with curry leaf paste. 
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lemongrass is also a plant commonly used in the daily cooking by locals and the leaf 
broth produced from this plant is used to relieve stomach pains. another local plant, 
citronella, is used as an insect repellant. 

CONCLUSION
local ecological knowledge will soon disappear if there is no concerted effort to 
preserve and ensure its continued existence. modernisation and development, alt-
hough beneficial for human progress, can erode leK. as more of the older generation 
pass on there is a reduced inter-generational transfer of leK and therefore ecological 
education becomes an important tool for the conservation and preservation of 
leK. opportunities provided through ecological education can provide real life 
experience of growing plants and caring for them. observing what happens in the 
garden including the unintended growth of other plants, visitations by animals and 
studying  these organisms can help in improving ecological literacy and ecological 
thinking. 

once the students in the project looked at gardens and plants, and saw them as part 
of the landscape, they then began to see that a plant is a thriving organism and has 
interactions with other organisms. as a result they then began to know more about 
these organisms through the study required of them in the project.

Knowledge of the living components in the garden include the interrelationships 
that occur between them. students will see that any human action can cause 
changes in these relationships and as a result begin to develop their ecological 
thinking. choosing particular themes for their gardens encouraged students to 
give more attention to the plants that they use in their own lives. tasking them 
to select local themes and local plants helped students to become more aware of 
the local biodiversity, and to learn more about the local ecological knowledge in 
their community. In carrying out this task their interactions with other members of 
their family and community brought them closer to local biodiversity, gaining leK 
in the process. they began to appreciate local flora and fauna, and understand the 
importance of conserving local biodiversity. although most students live in urban 
areas, local natural resources are still valued by these communities, for example as 
the components of their food system. Integrating leK into ecological education can 
help to educate young people about local biodiversity. the aim is that the real life 
experience they gained from the project will influence their future action towards 
sustainability.
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