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Abstract 
‘Deep ecology’ has the potential to solve the current dilemma facing science and science 
education. In this paper the argument is for a paradigm shift, a move from an outdated 
worldview to a holistic approach, where science embraces an ecological perspective. It is 
argued that an ecological paradigm, inclusive of spiritual and subjective viewpoints, may 
lead to a sustainable future for our planet. Some scientists recognise the spiritual in their 
work and have described a spiritual feeling in their research. One such scientist was 
Barbara McClintock who revealed the ‘participatory’ nature of her scientific investigation 
of the interaction of genetic forces in corn plants. She stressed the need to have a ‘feeling 
for the organism’ and wrote of affection, love and kinship for her plants. This way of 
knowing called ‘participatory knowing’ results when all pre-occupation with self is given 
over to a state of complete attention. Such participatory consciousness was “set aside for 
a hundred years for ideological, political, scientific and technological reasons” 
(Heshusius, 1994:18). It is now time for a science curriculum in schools that fosters 
participatory knowing and science as a way of being. 

 
Introduction: Where has Western science taken us?  
Newspaper headlines (such as those below) indicate one of the complex directions in which Western 
science has taken us. 
 Clones versus Christ (The Australian, December 23-24, 2000:15).  
Miracle or monster Severino Antinori expects to clone the first human within the year. (The Weekend 
Australian, March 3-4, 2001:9). 
Outrage over plan to clone children (The Sunday Age, March 11, 2001:11). 
Human clones outlawed (The Herald Sun, March 13, 2001:12). 
Demographic studies clearly show that one of the major problems in the world today is 
overpopulation. Even though millions of people are dying of starvation in developing countries 
Western science continues to forge on towards human cloning. Heshusius identifies the consequences 
when science alone determines our way of being. 
 

The belief that one can actually distance oneself, and then regulate that distance in order 
to come to know, has also been referred to as alienated consciousness that has led to 
undreamed of technological advances, but has also left us alienated from each other, 
from nature, and from ourselves. (Heshusius, 1994:16) 
 

Conflicting issues arise when scientific endeavours proceed in isolation from the issues facing us – 
when the personal and the public are insufficiently related. 

 
A critical look at Western science 
Cobern (2000) and several science educators (see Weaver, Morris & Appelbaum, 2001) have written 
about the negative outcomes for humanity as a result of unleashed Western scientific and 
technological advances. Cross and Fensham (2000) call for a critical discussion on the nature of 
modern Western science, and critique its application in inappropriate ways. They draw on the work of 
scientists such as Capra and Birch when arguing their position. Capra (1983), in his book The Turning 
Point: Science, Society and the Rising Culture, addresses the nature of science and the future. Whilst 
recognising the remarkable achievements science has made during the last 300 years he raises the 
awareness of the limitations of modern Western science.  
 

We live today in a globally interconnected world, in which biological, psychological, 
social and environmental phenomena are all interdependent. To describe this world 
appropriately we need an ecological perspective, which the Cartesian worldview does 
not offer. (Capra, 1983:xviii) 



  

 

  
Effects of the mechanistic, Cartesian-Newtonian science  
In the sixteenth and seventeenth centuries science was reborn and the concept of a mechanistic 
universe became the dominant worldview (Birch, 1990). What happened during that time divided the 
world into two different realms; the material, dealt with by science, and the spiritual, the domain of 
theology. Descartes (1596-1650), the Mathematician and philosopher who devised the Cartesian co-
ordinates, believed that the universe was made of two different types of substance ‘matter’ and 
‘mind’. In his view it was only humans who had mind; everything else was matter, arranged into 
various types of machines. Scientists now know the ‘mind’ is not a substance, but the working of the 
brain (CSIRO, 2001). Birch questions the impact Cartesian science has had on society and the 
environment. The Newtonian clockwork model of the universe that has dominated our cultural 
worldviews and social interactions, cannot deal with the complexity of the problems in the world 
today. Cross and Fensham (2000) are also critical of the Cartesian-Newtonian worldview that 
emerged from the thinking of earlier times, when scientists used the image of a machine when they 
thought about the universe and how it worked. Heshusius argues that as Cartesian dualism is still the 
dominant discourse, it prevents us from thinking in non-dualistic terms - and this results in science 
becoming a hard-edged mechanistic way of thinking that tends to reify the atomistic approach to 
issues, and ignore the interconnectedness of all living things. 
 
The old, mechanistic paradigm no longer serves us  
In the early 1900s new discoveries in physics rela ting to the structure of the atom led to profound 
changes in worldview and challenged scientists to acknowledge the delicate balance in which all life 
exists. Quantum physics, has opposed a Cartesian approach for at least 50 years. Protons are now 
viewed as packets of energy (quanta) that behave like particles or waves, depending on the approach 
being taken. The observer becomes very much part of the phenomenon being studied. 
 

Quantum theory thus reveals a basic oneness of the universe. It shows that we cannot 
decompose the world into independently existing smaller units. As we penetrate into 
matter, matter does not show us any isolated ‘basic building blocks’, but rather appears 
as a complicated web of relations between the various parts of the whole. These 
relations always include the observer in an essential way. (Capra, 1991:6) 

 
Quantum physics and chaos theory challenged the mechanistic view of the universe, giving rise to the 
intellectual crisis of the 1920s that is mirrored by the cultural crisis of today (Capra, 1996). Science is 
not value- and culture- free because it depends on people, places and politics. In dialogue with Capra 
about the cultural imbalance generated by today’s competitive technological society, Henderson said: 
 

Current technology, which I call ‘machismo technology’, or ‘big-bang technology’, 
certainly has to do with the rewarding of competitive activities and the disincentives to 
cooperative activities. All my models are ecological models, and I know that in every 
ecosystem competition and cooperation are always in dynamic balance. (Henderson, 
cited in Capra, 1988:267) 

 
Simonelli (1994), who contends that Western science has an unbalanced epistemology, looks for a 
sustainable science that incorporates life’s emotional and spiritual dimensions.  
 

It requires that the world and our activities be viewed as sacred. What is meant by sacred 
in a scientific context is something science professionals must deal with as soon as 
possible. Expressing spirituality and feeling within science is needed if we are to have a 
sustainable science. (Simonelli, 1994:110)  

 
Alfred North Whitehead (1933) made the point many years earlier when he emphasised the enormous 
gap between what natural science describes and what we know as living, sensing, experiencing human 
beings. 
 



  

 

The Newtonian universe and elaborations that followed were a brilliant abstraction from 
nature. Its failure was to identify the abstraction with reality. This is Whitehead’s (1933) 
‘Fallacy of Misplaced Concreteness’ (p.64), to mistake abstractions for concrete 
realities. (Birch, 1990:59)  

 
Some scientists are not afraid to recognise the spiritual in their work and have described a spiritual 
feeling in their research. Barbara McClintock revealed the ‘participatory’ nature of her scientific work 
on the interaction of genetic forces in corn plants. She stressed the need to have ‘a feeling for the 
organism’ and wrote of affection, love and kinship for her plants (Keller, 1983 cited in Heshusius, 
1994). Other scientists have also recognised the deeper kinship between the other and us. This way of 
knowing called a ‘participatory knowing’ results when all pre-occupation with self is given over to a 
state of complete attention. However, Heshusius (1994:18) asserts that such ‘participatory 
consciousness’ was “set aside for a few hundred years for ideological, political, scientific, and 
technological reasons”. The important question that arises is: Can science educators develop science 
curricula that foster sustainable science that reflects participatory knowing? 
 
Turning to Indigenous cultures for that new paradigm is insufficient 
In recent years there have been efforts made to incorporate Indigenous peoples’ perspectives in 
science curricula. Supporters for this trend base their argument on the premise that Indigenous 
worldviews are more harmonious with the land and encourage sustainable practices. (It is not 
meaningful to talk in general terms of an ‘Indigenous worldview’ because there are many Indigenous 
communities with different views of the world.) In this paper worldview means “a descriptive-
interpretive mental model of the universe and its phenomena” (McGinn, 1991:130). There is always 
the danger of romanticizing one cultural group over another when it comes to sustainability. Is it 
appropriate to  compare Western and Indigenous cultural groups when the population ratio and size of 
these social groups are vastly different? Nonetheless, science educators in many countries (Aikenhead 
& Huntley, 1999; Cooper, 1999; Michie & Linkson, 1999; Nobbs, 1999; Read, 1999; Sang-Woo Park 
& Sung-Jae Pak, 1999; Scantlebury, Tobin, Butler Kahle & Ague, 1999) are focusing on the 
relationship between Western science and Indigenous knowledge in order to integrate the two in 
science curricula.  
 
One of the main reasons for the increased interest in devising ways to include Indigenous peoples’ 
perspectives in science education is that Western science is considered a cultural barrier for students 
with cultural backgrounds and experiences different from Western culture (Aikenhead, 1997). The 
argument is for ‘border crossings’ so that students from both Western and non-Western traditions can 
develop substantial knowledge of both ‘cultures’ (Aikenhead & Huntley, 1999). ‘Two-way border 
crossing’ is also influenced by the belief that Western science has led humanity to the brink of 
destruction, and that our cultural salvation depends on finding more harmonious ways of living, both 
on our planet and with each other. In other words, adopting a more ‘Indigenous’ epistemology to the 
cosmos (Aikenhead, 1997; Knudtson & Suzuki, 1992). I contest this argument on the grounds of my 
personal teaching experiences with Aboriginal pre-service teachers in Australia (Blades & Jane, 
2000). Whilst supporting a more culturally sensitive and inclusive approach to science education, the 
problem I came up against when teaching stemmed from the false assumption that non-indigenous 
people can in reality ‘know’ Indigenous perspectives sufficiently to ‘teach’ from them. My experience 
of trying to incorporate a limited understanding of ‘Indigenous perspectives’ in science education 
opened a Pandora’s box of issues.  
 
What are some of the difficulties of teaching using a holistic approach reflected in non-western 
traditions such as the Indigenous people of Australia? I found that when I used teaching strategies 
designed to facilitate Aboriginal students in border crossing some misunderstandings arose because of 
cultural differences and cultural protocols (Jane & Blades, 2000). My encounter with these problems 
and the struggle to address them has been a catalyst in altering my view of science education and 
indeed science itself. I now view science as ‘a way of being’ in the world.  
 



  

 

Science is a human experience that offers a particular ontological approach to the natural 
world distinct from but complementary to other ways of knowing and being. As one 
facet of the human experience, science has values and cultural expressions that have 
subsequent consequences. To understand science as lived and expressed, a multitude of 
voices should be part of the science education of world citizens, where difference and 
debate enrich the human experience. (Jane & Blades, 2000:7) 

 
In the context of environmental education, Beringer supports Indigenous and non-indigenous writers 
who criticise educators who base their environmental education programs on Indigenous philosophies 
and traditions in order to make a sacred connection to the land and nature. Beringer argues for true 
‘eco-spirituality’ that aims to create, or recreate, an eco-centric worldview by putting forward the 
ancient ‘doctrine of the world soul’ as inclusive teaching because it is affiliated with Western, Eastern 
and Indigenous traditions. This doctrine derives from the view that the planet Earth is a living entity 
comprised of the planetary body, soul and Spirit. The soul of the world (anima mundi) doctrine offers 
a worldview beyond the one promoted by modern Western science; and that contains attractive 
teachings of a living cosmos imbued with Spirit (Beringer, 2000:20). 
 
Deep ecology: New paradigm, holistic, includes spiritual and subjective viewpoints that foster 
sustainability  
A ‘sustainable society’ can be defined as one that meets its need without diminishing future 
generations’ prospects. As the different problems in the world are interrelated, they can only be 
overcome by ‘sustainable’ solutions, whereby we satisfy current needs without compromising future 
generations’ way of life. Such a change will require a paradigm shift by the whole scientific 
community. In order to solve the world’s major problems there must be a radical change in our 
perceptions, our thinking and our values (Capra, 1996). Solutions to the many issues societies 
currently face can only occur if there is a fundamental change in worldview to one that encompasses 
deep ecology. ‘Deep ecology’, generated in the early 1970s by Naess, is: 
 

A philosophy of environmentalism that encourages us to ask basic questions about the 
place of our species in nature, in the hope that deeper questioning will lead to more 
profound solutions to the growing environmental crisis faced today. ‘Shallow ecology’ 
fights against pollution in wealthy countries alone, while ‘deep ecology’ looks for the 
fundamental roots of ecoproblems in the structure of societies and cultures around the 
world. (Rothenberg, 1993:126) 
 

The platform of deep ecology is a starting point to focus our thinking. George Sessions and Arne 
Naess agreed on the key terms and phrases of the platform consisting of the following eight points. 
 

1. The well-being and flourishing of humans and non-human life on Earth have intrinsic value 
or inherent worth in themselves. These values are independent of the usefulness of the non-
human world for human purposes. 

2. Richness and diversity of life forms contribute to the realization of these values and are also 
values in themselves. 

3. Humans have no right to reduce this richness and diversity, except to satisfy vital needs. 
4. The flourishing of human life and cultures is compatible with a substantially smaller human 

population. The flourishing of non-human life requires a smaller human population. 
5. Present human interference with the non-human world is excessive, and the situation is 

rapidly worsening. 
6. Policies that affect basic economic, technological, and ideological structures must therefore 

be changed. The resulting state of affairs will differ considerably from the present. 
7. The ideological change will be mainly that of appreciating life quality (dwelling in situations 

of inherent value) rather than adhering to an increasingly higher standard of living.  
8. Those who subscribe to the above points are obliged directly or indirectly to try to implement 

the necessary changes. (Naess, 1986) 



  

 

These points reveal that deep ecology is a holistic, ecological worldview, where the world is regarded 
as an integrated whole. This new paradigm calls into question the modern, scientific, industrial, 
growth-oriented, materialistic, economic rationalism approach to the world. Deep ecology is in 
contrast to every aspect of the old paradigm. Instead of viewing the universe as a mechanical system 
consisting of elementary building blocks, deep ecology “recognizes the fundamental interdependence 
of all phenomena and individuals and societies embedded in (and ultimately dependent on) the 
cyclical processes of nature” (Capra, 1996:7). Whereas in the old paradigm the human body was 
regarded as a machine, in deep ecology “humans are not separate from the natural environment and 
are just one strand of the web of life”. Capra describes this view as spiritual or religious awareness, 
recognising the intrinsic value of all living things and the world as a network of interconnected and 
interrelated phenomena. Deep ecology, with its eco-perspective, considers our relationship to one 
another, to future generations and to the web of life. Deep ecology can be considered a spiritual 
perspective because it discovers a sense of selfhood beyond the ego. “Deep ecology asserts the direct 
and ultimate importance of humanity’s connection to and identification with other forms of life and 
being” (Gottlieb, 1996:516). This paradigm challenges the notion that human beings are solely 
defined by their individuality and the social groups to which they belong. In contrast, deep ecology is 
bio-centric or eco-centric, and if adopted by societies they could better deal with the problems in our 
overpopulated and globally inter-connected world.  
 
As mentioned above, deep ecology’ is very different to the paradigm that has shaped the Western 
world and is influencing developing countries. Rather than developing countries trying to ‘catch up’ 
to developed countries the task is to find an appropriate model for sustainability (Parkinson, 1997). A 
positive step is the new perspective called ‘eco-development’ (Mitsch & Jorgensen, 1989) that has 
generated eco-technology or ecological engineering as a consequence of shifting from ‘economic’ 
fitness to ‘ecological’ fitness. One example of eco-development is the production of food, energy and 
chemicals using integrated agro-industrial ecosystems and environmentally responsible methods 
(Tiezze, Marchettini & Ulgiati, 1991). Sustainability requires a rethinking of the way all of us assess, 
choose and use technology (Kinnear, 1994). A three-tiered level of change is required: locally, 
nationally and globally. “Although action in local communities may influence institutional change, 
there must also be national policies and expenditures which encourage the innovation of sustainable 
technologies. (Kinnear, cited in Fleer & Jane, 1999:115) 
 
Implications of deep ecology: the interconnections  
‘Values’ is the central defining characteristic of deep ecology. A shift to this paradigm will require a 
change in our perceptions, ways of thinking and values. Self-assertive values and ways of thinking 
will be replaced with integrative ones. In the values column in Table 1 ‘domination’ is a self-assertive 
value that only exists in the old paradigm.  
 
WAYS  
OF THINKING 

 VALUES  

Self -assertive Integrative Self -assertive Integrative 
(Old) (New) 

 
(Old) 

 
(New) 

Rational Intuitive Expansion Conservation 
Analysis Synthesis Competition Cooperation 
Reductionist Holistic  Quantity Quality 
Linear Non-linear Domination Partnership 

 
Table 1  Opposite tendencies (Capra, 1996:10) 

 
In the out-dated paradigm, technology is not shaped by the needs of the human community and 
ecosystem as a whole, and the powerful multinational biotechnology companies are allowed to 
‘dominate’ nature and human beings. In contrast, deep ecologists focus on ‘partnerships’ and eco-
technology that is environmentally friendly and sustaining. If an ecological paradigm is universally 



  

 

adopted, the current power system will become obsolete and be replaced by the ‘network’ (the central 
metaphor of ecology). In terms of social organization, in an ecological worldview, these networks 
replace the hierarchies and multinational corporations. When a society begins to operate according to 
an ecological worldview its members think and act in ways that are holistic, systemic, connective and 
participatory. They see the world in terms of networks, lattices, patterns and processes. An eco-
perspective will require our current economic -rationalist societies to adopt and respect intuitive and 
holistic ways of thinking.  
 
An eco-perspective might enable science educators to deal effectively with questions posed by the 
changing world in which we live. A productive starting point could be to encourage learners to focus 
on the ‘nature of science’ and examples of scientists’ at work. Female scientist, Barbara McClintock, 
went against the main dogma of genetics at the time, which was that no outside information could 
penetrate the inheritable genetic message. McClintock’s attentiveness to her corn plants led her to the 
idea that they changed their genes in response to their environment. Her ‘love’ for these corn plants 
enabled her to propose a theory of ‘jumping genes’ or transposition of genes. She spoke of her corn 
plants as her friends, as if they were real. Some of McClintock’s important hypotheses emerged after 
she had experienced periods of meditation. 
 

McClintock was frustrated by her inability to see the transposition of genes under the 
microscope. She retreated to sit under a eucalyptus tree and meditate. There she ‘worked 
on herself’. When she felt she was ready, she returned to the microscope, and the 
chromosomes were now to be seen. (Lebacqz, 1997:24) 

 
In her 1983 Nobel lecture, Barbara McClintock spoke prophetically, predicting the mapping of the 
human genome and its implications. 
 

In the future, attention undoubtedly will be centred on the genome, and with greater 
appreciation of its significance as a highly sensitive organ of the cell, monitoring 
genomic activities and correcting errors, sensing the unusual and unexpected events, and 
responding to them. (McClintock cited in Capra, 2003:146) 
 

Ecological spirituality 
Carolyn Merchant’s (1980, 1989, 1992, 1994) writing includes the fields of science critique, 
ecological revolution and partnerships ethic work. In her search for a liveable world she examined the 
ideas related to ‘spiritual ecology’ by drawing on the work of Dominican priest, Matthew Fox. He 
focused on the mystics of the eleventh to thirteenth centuries when writing about ecological 
spirituality. Fox (1985) shed light on the ideas of the patron saint of the environment and the 
ecological movement, Hildegard of Bingen (1098-1179). Greening power or viriditas was her most 
important idea. She painted her visions in wonderful mandalas of the cosmos depicting the greening 
power as being female. “To Hildegard, God’s perfect power is the ‘green freshness of life’, which he 
pours into the hearts of women and men so that they may bear good fruit” (Finch, 2001:97). In 
Germany she was called the Grandmother of the Rhineland mystic movement, a movement of 
creation-centred spirituality. “Hildegard was an abbess, a scientist, a leading medical woman, a 
scholar, and a visionary. She conceived the universe holistically and emphasized the inseparability of 
the physical and the spiritual” (Chicago, cited in Uhlein, 1983). Even though she was an abbess, 
Hildegard did not withdraw from the world, because she saw her mission as instructing others about 
the relationship between God and creation, disease and their cures (Fanning, 2001:84).  
 
The main aspects of Hildegard of Bingen’s worldview are:  
 

1. A psychology of Microcosm/Macrocosm  
Relationships are essential and the wonderful harmony and balance of things in creation is 
‘sufficient’. “The air, blowing everywhere, serves all creatures. The WORD is living, being, 
spirit, all verdant greening, all creativity.”  

 



  

 

2. A grounding in earth and earthiness.  
Trust the Earth, including my own earthiness and sensuousness. There is no spirit/matter dualism. 
What is important is the ‘sweating power’ of the Earth, of the need to stay juicy, wet, green, moist 
and also good humoured. 

 
3. A non-trivial understanding of sin.  
Creation is a cosmic blessing. Sin is a rupture in that cosmos, a rupture in relationships, with the 
ultimate sin being ecological. A sin against the Earth, against the air, against the waters is against 
God’s creation – for in injuring creation’s interdependent balance we are destroying all life 
including our own. (Fox, cited in Uhlein, 1983) 

 
Hildegard’s thinking was holistic and healing. She celebrates the cosmos and seeks compassion, 
justice and peace. Her words below warn humanity of the consequences of ecological 
degradation.  

 
As often as the elements 
The elements of the world  
are violated  
by ill treatment, 
so God will cleanse them. 
 
God will cleanse them  
thru the sufferings, 
thru the hardships 
of humankind. 
 

Her visions gave her the strength to exercise her own leadership and initiative in the Church and thus 
to be in conflict with her Bishop because her horizon of meaning was more expansive and inclusive. 
Her visionary creations are only now being drawn upon as the threat to our environment makes us 
seek new spiritual resources for nurturing a deeply reverential attitude to the sacredness of life” (King, 
1998:84). Consistent with Hildegard’s worldview is the notion of ‘science as a way of being in the 
world’ that embraces both rational knowledge and the intuitive. Passive intuition is prior to, and 
essential to, the active rational intellect. A positive response to the mystic Hildegard’s ideas that the 
wonderful harmony and balance of things in creation is ‘sufficient’ would lead us to change our 
lifestyles. When will we know enough is enough? Restraint, rather than a desire for more, must be an 
immediate response if our planet, as we now it, is to survive.  
 
Conclusion 
I began this paper by questioning Western science and the ethics of human cloning in an already 
overpopulated world. However, I do not mean to forsake all the beneficial aspects of Western science, 
such as research into cures for disease, life threatening illnesses and senility etc. I have argued that 
Western science’s outdated worldview can no longer be the predominant worldview if life on our 
planet is to be sustainable. For our planet to survive in the future there must be a paradigm shift to 
deep ecology, which holds nature and humans as being interdependent and connected. As with all 
scientific revolutions, this new paradigm will call us to a deeper re-evaluation and re-imagination of 
human behaviour. It will require us to transform our attitudes, values and behaviours toward each 
other and the world. We must be willing to let go of ego concerns and become bio-centric, sensing 
our participation in the web of life. ‘Participatory consciousness’ can transcend the outdated 
Cartesian-Newtonian worldview, freeing science to become a ‘way of being’ which is open and 
receptive, and turned toward the ‘other’, both human and non-human. When science is viewed as a 
‘way of being in the world’ science teachers allow students to take ownership of what they do and 
give them time to meditate and ponder about the wonders of the natural world. 
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