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In recent years there has been controversy about the purposes of science 
education at schools, and whether it should be a preparation for careers of 
future scientists or whether it should be scientific literacy for all.  A related 
debate has been about the role of philosophy or critical thinking in science 
education.  In this paper I review two approaches to school science education, 
that I have called Traditional Science Education and Humanistic Science 
Education.  I consider objections to both approaches and propose a new 
approach – Ecological Science Education – that places philosophical 
reflection on Science at the heart of science education.     
 
Traditional Science Education 
 
Traditional Science Education is designed to provide training for those wishing 
to pursue a career in the sciences.  It is content driven, focussed on students 
learning a discipline.  Students learn about the products of the science – what 
has been discovered – rather than the process by which it has been 
discovered. 
 
In general, the type of pedagogy used in Traditional Science Education is 
transmissive.  At its best, it involves the teacher setting clear and high 
expectations of students, monitoring student progress towards these 
expectations, providing regular feedback to students about how they are 
progressing in relation to these expectations. 
 
In general, Traditional Science Education does not focus on the process of 
science.  It does not encourage students to reflect on epistemological issues 
(issues about how we know what we think we know).  It is based on an 
empiricist and inductivist approach.  It tends not to recognise that scientific 
knowledge is constructed.  It is based on experience and reasoning on the 
basis of this.   
 
There is little encouragement in Traditional Science Education of critical 
consideration by students of the philosophy or history of science. What history 
is taught tends to be presented from the side of the victors.  As Thomas Kuhn 
observes of science education at the tertiary level “Scientific education makes 
use of no equivalent of the art museum or the library of classics and the result 
is a sometimes drastic distortion in the scientist’s perception of the discipline’s 
past.  More than practitioners of other creative fields, he [sic] comes to see it 
as leading in a straight line to the discipline’s present vantage. In short, he 



comes to see it as progress.” (Kuhn 1970 page 167) Such distortions of 
perceptions of the discipline’s past are reflected in school science curricula.      
 
Traditional Science Education is sometimes characterised as being values 
neutral.  Certainly, students are not encouraged to reflect on or debate 
questions of value.  Science is the realm of fact, and values cannot be derived 
from facts.  Traditional Science Education does, however, involve imparting 
values to students.  Kuhn notes that there are a set of commitments (that 
could be described as values) that a scientist must have.  He writes “the 
scientist must, for example, be concerned to understand the world and to 
extend the precision and scope with which [this understanding] has been 
ordered.  That commitment must, in turn, lead him [sic] to scrutinise, either for 
himself or through colleagues, some aspect of nature in great empirical detail.  
And, if that scrutiny displays pockets of apparent disorder, then these must 
challenge him to new refinement of his observational techniques or a further 
clarification of his theories.” (Kuhn 1970 page 42).  These kinds of 
commitments or values are cultivated in Traditional Science Education, 
whether at the university or school level.     
 
Traditional Science Education tends to dichotomise reason and emotion.  
Emotion, and its cultivation, has little place in Science or in Science 
education.  However, Traditional Science Education does seek to engage 
students in the discipline of Science, and to cultivate interest in a career in 
science. 
 
Kuhn discusses the nature of educational initiation into the professional 
scientific community. He observes that unlike many other disciplines, 
textbooks have a primary role.  Many Science curricula at universities do not 
ask graduate students to read anything other than textbooks designed 
specifically for students.  Kuhn sees certain advantages to this.  He writes “Of 
course, it is a narrow and rigid education, probably more so than any other 
except in orthodox theology.  But for normal-scientific work, for puzzle solving 
within the tradition that the text books define, the scientist is almost perfectly 
equipped.”  (Kuhn 1970 page 166) Insofar as Traditional Science Education in 
school aims to equip would-be scientists for puzzle solving within a text book 
defined tradition – that is, preparing students for a career in science - it too 
reflects the narrow and rigid science education of the science academy. 
 
Criticisms of Traditional Science Education 
 
Traditional Science Education has been criticised for three connected 
reasons.  The first is that fewer students are choosing science as a career.  In 
fact enrolments in Science courses in the senior secondary schooling, where 
students have a choice of subjects, have been steadily declining.  This is of 
particular concern in a knowledge economy, where globally there is an 
increasing demand for scientific work.  Declining enrolments in Science, and 
fewer choosing a career in Science result in skill shortages or lost 
opportunities for generation of high-wage/high skill positions.  School science 
is not entirely responsible for the reduced interest in science as a career.  As 
Peter Fensham notes “Guaranteed employment at higher than usual salaries 



would probably attract more students to stay with the enabling sciences in 
Years 11 and 12, and undertake science-based university studies, especially 
if science was promoted like sport in the Australian media.” (Fensham 2006 
page 71)  However, Traditional Science Education appears to have failed to 
deliver on its aim, to train more would-be scientists.  It would appear to be 
unable to engage a sufficiently large number of students to the extent 
necessary to train a desirable number of scientists.   
 
This brings us to the second criticism of Traditional Science Education.  While 
in Australia and many other countries, Science is compulsory in the primary 
years and in junior secondary years, not all students, in fact decreasing 
numbers of them, will choose a career in science.  So why should school 
science curriculum aim to prepare students for a career in Science? Many 
Science educators would claim that school Science should aim at scientific 
literacy for all rather than preparation for scientific careers of a few.  What 
does scientific literacy – or science education for citizenship - involve?  
Jonathon Osborne suggests that it involves a consideration of “the 
developments of science and technology which are most likely to pose 
political and moral dilemmas for generations to come.  The question of how 
we address climate change; whether we replace ageing nuclear reactors; 
invest more heavily in energy conservation; or how to minimise the effects of 
flu pandemics are just some of the examples that are currently confronting 
contemporary society.  And since answering such questions makes demands 
on the finite and precious resources available to a given society, the public 
have a right to be part of the decision-making process.” (Osborne 2006 page 
3).  School science needs to inform students so as future citizens they can 
make these decisions. Fensham suggests in a similar vein that “all young 
Australians should study science based issues (contexts) that impinge 
strongly on their lives as they move through the compulsory years, such as 
obesity, water availability, energy conservation, biological, chemical and 
nuclear weapons of mass destruction, and safe sex are just four of these key 
issues in Australia, with genetic engineering, nano-technologies, 
communication technologies also of significance.  (Fensham 2006 page 73)   
Cultivating scientific literacy would be a suitable aim of school science for 
those who eventually choose a career in science and for those who do not. 
After all, we would want our future scientists to be scientifically literate, just as 
much as those who do not pursue, and who have no wish to pursue, a career 
in science. 
 
A third concern about Traditional Science Education limits the development of 
students’ understanding of the scientific enterprise – the nature of Science.  
Traditional Science Education oversimplifies and distorts the practices and 
processes of Science resulting in students having limited skills and knowledge 
to interpret contemporary accounts of Science, scientists and their findings.  
Students have limited understanding of the nature of science beyond naïve 
empiricist ideas.  Most are poorly educated about Science. (Osborne 2006 
page 3) 
 
 
 



Humanistic Science Education 
 
Humanistic Science Education aims at scientific literacy for all.  A school 
science curriculum dedicated to this aim, is likely to be more engaging to 
students than Traditional Science Education.  Humanistic Science Education 
aims to address the shortcomings of Traditional Science Education.   
 
Humanistic Science Education has four elements, succinctly summarised by 
Osborne. 
 
The conceptual relates to the content of science – the body of domain-specific 
knowledge – scientific facts - necessary to understanding the discipline.  
 
The epistemic and social practices of science relates to the processes of 
science. A core feature of school science should be “careful consideration of 
the practices that lead to secure and reliable knowledge.”  This would involve 
“an exploration of some of science’s crowning achievements” (Osborne 2006 
page 3) that “would permit science teachers to show  
 

x that scientific knowledge was hard won – the product of imaginative 
and creative endeavour, derived often in the face of fierce opposition.” 

x How science uses a range of methods 
x The features that demarcate science from non-science 
x The social and scientific practices that both sustain the scientific 

enterprise and lead to the production of reliable knowledge 
x The moral and ethical issues raised by the application of scientific 

knowledge 
x The relationship between science and technology. (Osborne 2006 

page 4) 
 
The Cognitive Science education must show how argument and its evaluation 
– in short, critical thinking – is a core feature of science, for two reasons: 
 

x “from a liberal perspective one of the goals of education is to develop 
the autonomous individual who is capable of making rational decisions.  
It is, for instance, almost a commonplace assumption of post-
Enlightenment ethics and political theory that individual autonomy is a 
necessary condition of human fulfilment.”  (Osborne 2006 page 4) 
Cultivating critical thinking is crucial to this. 

x The increasing evidence that learning to argue is learning to think and 
that knowledge and understanding can be facilitated by collaborative 
work with peers. 

 
The affective and social: The education of young people in science “should 
afford experiences that generate inspiration at the achievement of their 
scientific culture” – and “fascination at what it has to offer”. (Osborne 2006 
page 4)     
 
An examination of values is an explicit part of Humanistic Science Education.  
It provides opportunities for students to examine moral and ethical issues 



raised by the application of science – more specifically – its impact on human 
society.  Such consideration is a key to science education fulfilling its primary 
focus: as education for citizenship or scientific literacy.  This involves a 
consideration of the developments of science and technology which are most 
likely to pose political and moral dilemmas for generations to come – issues 
requiring informed decision making by all citizens.  Note that Humanistic 
Science Education allows a consideration of values in relation to the 
processes and social impacts of science – but not in relation to the actual 
content of science.  Humanistic Science Education shares with Traditional 
Science Education an assumption that the content of science is fact.  Values 
are a separate realm – arising from the impacts of science on human society.  
One cannot derive values from fact – or an “ought” from an “is”.   
 
Criticisms of Humanistic Science Education 
 
I have a number of criticisms of Humanistic Science Education.  The first is 
Osborne’s claim that a core feature of school science should be “careful 
consideration of the practices that lead to secure and reliable knowledge.”  
While school science should consider epistemic issues, to describe this as 
“consideration of practices that lead to secure and reliable knowledge” does 
not reflect the diversity of epistemological positions.  Positivists would argue 
that scientific knowledge is based on observation and inductive reasoning 
from these observations.  Falliblists such as the late Karl Popper would deny 
that scientific knowledge can be “secure and reliable”.  He would argue that 
science proceeds by scientists making bold, content-full conjectures and 
setting out to devise critical tests to refute these conjectures.  Theories can be 
refuted by deduction, but they can never be confirmed. It may be rational to 
retain content-full theories that have not yet been refuted. Other philosophers, 
influenced by Thomas Kuhn, such as Imre Lakatos, would claim that scientists 
do not set out to refute their bold conjectures.  They set out to protect their 
theories and develop research programs to address puzzles that arise within 
their theories.  Some of these research programs flourish.  The less promising 
research programs degenerate.  The result is scientific progress.  
Epistemological anarchists, such as Paul Feyerabend, argue that science is 
an irrational or a-rational process.  There is no rational scientific method to 
decide between competing scientific theories.  Any consideration of epistemic 
questions in school science should reflect this diversity of views.  The jury is 
still out as to which position is correct.        
 
My second objection to Humanistic Science Education concerns Osborne’s 
claim that the education of young people in science “should afford 
experiences that generate inspiration at the achievement of their scientific 
culture” – and “fascination at what it has to offer”.  I would suggest that it is 
more important for science to afford experiences that generate inspiration and 
fascination at the natural world.  Science may or may not be “one of the 
greatest cultural achievements of western society.”  However, Science is first 
and foremost about the natural world, and only secondarily about the 
processes of science.  Thus, if science at school should aim to generate 
inspiration at the achievements of scientific culture it should even more seek 
to generate wonder at the natural world.   



 
My third objection is related to the second.  Humanistic Science Education is, 
as its name suggests, human centred.  It puts humans at the centre of 
science education.   
 
This is evident from the fact that a key feature of Humanistic Science 
Education is “Science as a Story involving persons, situations, action.” 
(Fensham 2006 page 71)  Glen Aikenhead defines “Humanistic” in terms of 
“values, the nature of science, the social aspects of science, the culture of 
science, the human character of science revealed through its sociology, 
history and philosophy.” (Aikenhead 2006 page 2) 
 
Proponents of Humanistic Science Education tend to define notions of 
scientific literacy and science education for citizenship – the primary aim of 
Humanistic Science Education - in human terms (though they need not do 
so).  Osborne talks about science education for citizenship in terms of a 
consideration of “the developments of science and technology which are most 
likely to pose political and moral dilemmas for [human] generations to come.  
The question of how we address climate change; whether we replace ageing 
nuclear reactors; invest more heavily in energy conservation; or how to 
minimise the effects of flu pandemics are just some of the examples that are 
currently confronting contemporary society.”  (Osbourne 2006 page 3) Not 
mentioned are issues such as habitat loss, species extinction, rainforest 
conservation, animal welfare (eg battery farming of chickens, experimentation 
on animals). 
 
Christopher Newell in an article in The Australian Science Teachers Journal 
on ethical dimensions of science and science education discusses the 
following issues: 

x genetic determinism 
x using genetic technologies for screening purposes 
x use of embryonic stem cells 
x wheelchair access 

 
Non-human living systems did not rate a mention in the discussion except for 
calls for “far more animal experimentation before human trials (of stem cells) 
begin.”  Dr Peter McCullagh is cited as saying “In every other area of 
research, except IVF, animal experiments for efficacy and safety are 
supposed to precede human experiments.” Not mentioned in the article is any 
perspective on animal experimentation from the point of view of its impact on 
the non-human animals that are the subjects of the experimentation. 
 
A fourth objection is that Humanistic Science Education appears to be 
embedded in a liberal account of education.  Osborne reveals some of the 
anthropocentric commitments of this account of education.  Recall that he 
writes “from a liberal perspective one of the goals of education is to develop 
the autonomous individual who is capable of making rational decisions.  It is, 
for instance, almost a commonplace assumption of post-Enlightenment ethics 
and political theory that individual autonomy is a necessary condition of 
human fulfilment.”  (Osborne 2006 page 4)  Such a view appears to imply a 



separation between rational, autonomous, human beings and the natural 
world.  It appears to imply a dualism of rational mind and body.  Contrary to 
the liberal perspective, I would argue that a necessary condition for human 
fulfilment is a sense of connection with all living systems.  Without this, 
humans suffer a sense of alienation from the natural world. 
 
A fifth objection to Humanistic Science Education is that, because of its 
anthropocentrism, it is not able to effectively deliver on its aim of scientific 
literacy and citizenship.  The first point to note is that Humanistic Science 
Education is based on a narrow view of citizenship.  The aim of Humanistic 
Science Education is to educate citizens of human societies rather than 
citizens of the biotic community as a whole.   
 
But even allowing for this narrow account of citizenship, educating students 
for citizenship of human societies requires enabling students to be part of the 
decision-making process in developments of science and technology which 
are most likely to pose political and moral dilemmas for generations to come. 
These include decisions about how we might live within the limits of the earth.  
They include issues such as world human population; the need to reduce the 
emission of greenhouse gases, which threaten to change the climate, perhaps 
disastrously; protection of biological diversity; destruction of forests 
everywhere; and conservation of soils; the use of energy and materials with 
great efficiency and the use of solar energy in all its forms; and the 
management of renewable resources for the long run. (Orr 1994 page 26)  
   
The decisions we make with respect to each of these matters impact on non-
human living systems as much as human ones.  For example, global warming 
from greenhouse gas emissions impacts on many species.  For example, the 
increasing rate of extinction of certain types of frogs is attributable to global 
warming.  The decisions we make about these issues will depend upon our 
views of the ethical considerability of non-human living systems.  Thus in 
preparing students for participation in decision making on issues that pose 
ethical dilemmas – such as greenhouse gas emission levels – we need to 
enable them to be conversant in matters relating to the ethical considerability 
of all living systems – for example, whether non-human living systems – 
individuals or species - have interests, intrinsic value, and/or rights.  To do 
this, we need to move beyond the implicit anthropocentrism of Humanistic 
Science Education.  The quality of the decisions that citizens make will be 
greater if they have wrestled with the issues of the interests, intrinsic value, 
and ethical considerability of all living systems – whatever conclusions they 
come to.   
 
Ecological Science Education 
   
Ecological Science Education would include consideration of 
 

x Synergies in physics, chemistry, biology 
x the relationship between living and non-living systems – the water 

cycle, the carbon cycle, the nitrogen cycle 
x the relationships between living systems  



x the levels of life (eg bio-chemical, cellular, multi-cellular, societal, 
species, ecosystemic) and the relationships between these levels 

 
Furthermore, it will include a consideration of philosophical and ethical 
questions arising from the content of science.  Questions that students might 
discuss  
 
What is matter?  What is energy? 
What is life?   
How do living systems differ from mechanical systems? 
Which living systems have interests – or a good of their own? 
If all living systems have interests – or a good of their own – do some have 
different kinds of interests to others? 
Do living systems have purposes? If so, what are they?  
Living systems have the appearance of having been designed for a purpose.  
Does this entail they are designed? 
Are all living systems competitive by nature and cooperate only in special 
circumstances? Or is the reverse true? 
Does evolution (natural selection) depend on competition?  
Are humans naturally competitive/cooperative?  If so, what are the 
implications for how we should live? 
Are values (good, bad, beauty,) part of the fabric of the world? 
When did values come into the world?  
Which living systems have intrinsic value?  Is there a connection between 
value, purpose and interests? 
What does intrinsic value mean? 
Do different living systems have intrinsic value to different degrees?  Are 
some more valuable than others? 
If all living systems have interests, and have intrinsic purpose and value, what 
follows about how we should live? 
We all regard killing a human as being more ethically more serious than killing 
an ant.  Why so? 
Do humans have a nature?  If so, or if not, what are the implications for how 
we should live? 
Are humans more like Chimpanzees, Bonobos or ants? 
Are human societies super organisms – like insect societies? 
If so, what are the implications for how we should live?  Do super-organisms 
generate obligations? 
Are human societies separate from nature?  (Are insect societies separate 
from nature?) 
Is culture confined to human beings? 
Is culture separate from nature? 
Do living systems have separate selves?  Do human beings have separate 
selves? 
What is human well-being or flourishing? 
What role does the perception of beauty play in evolution? 
 
There are many different answers that may be given to these questions, and 
students would be given opportunities to discuss their own answers and other 
answers.  Students would be encouraged to take a position on these 



questions and to argue for that position, taking account of differing points of 
view.  It matters less what their view is and more how they argue for it.    
 
Note that Ecological Science Education need not involve confronting students 
with frightening predictions and environmental problems and either asking 
them to come up with solutions or to tell them what the solutions are.  The 
approach of Ecological Science Education is more positive though indirect.  It 
involves teaching students about the Science they will need to make 
decisions to address the need for humans to live within the limits of the earth 
– and to explore some of the ethical issues they will need to bring to bear in 
making these decisions.    
 
The aim of Ecological Science Education is ecological literacy – and the 
development of citizens of the biotic community. 
 
The elements of Ecological Science Education include 
 
The conceptual: There would be more of a focus on biology and in particular 
ecological issues in Ecological Science Education than in Humanistic and 
Traditional Science Education.    
 
The epistemic and social practices of science: Ecological Science Education 
would involve a consideration of a range of views about the philosophy of 
science – from positivist, through fallibilist to anarchist positions.  Students 
would be invited to draw their own conclusions. 
 
The Cognitive: There would be as much emphasis, if not more emphasis, on 
critical thinking (the development of and evaluation of argument) in Ecological 
Science Education, compared to Humanistic Science Education.  Critical 
thinking is a tool to understanding the content of Science.  Discussion with 
peers, in pursuit of a philosophical/scientific enquiry is an excellent means for 
cultivating thinking skills. 
 
The affective and social: The education of young people in science should 
afford experiences that generate wonder at the natural world and (hopefully) 
reverence for life. 
 
The exploration of values (right, wrong, good, bad, beautiful, ugly) is a core 
component of Ecological Science Education.  Whereas Humanistic Science 
Education focuses on the moral and social implications of the application of 
Science and Technology, Ecological Science Education also looks at issues 
of value that arise from the content of Science – for example the purpose of 
life, the interests of living systems, the intrinsic value of living systems and 
implications of this for how we should live. 
 
Humanistic Science Education and Traditional Science Education appear to 
make a sharp dichotomy between fact and value, or “is” and “ought”.  
Ecological Science Education would not draw such a sharp dichotomy 
between the two.  For example, a statement such as “My health is very good” 
is clearly a value statement, but it is also a factual statement that would be 



verifiable by a doctor.  The claim that one cannot derive an “ought” from an 
“is” is incompatible with the claim that “ought” implies “can”.  Facts about 
human nature have implications for how we should live.  If humans are 
naturally selfish (and I would not argue that they are) then it is not the case 
that they ought to behave altruistically.   
 
Ecological Science Education does not attempt to indoctrinate students with 
scientific truth.  It encourages students to come to their own conclusions 
about the philosophical issues relating to Science.  It may be our best chance 
to cultivate in students a wonder at the living world, and a respect for life that 
informs the daunting issues that face us in the 21st Century of humans living 
within the limits of the earth.    
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