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PREFACE

Science education is a relatively broad and dynamic area. The premium which is 
being placed by humanity on science, technology, and engineering as pivots for 
future growth and development means that science education will, well into the 
future, continue to play a significant role in advancing the frontiers of development 
efforts. Incidentally, while various books abound in support of science education 
programmes, there is a dearth of books that are concise and at the same time written 
to cover much of the contents of science education programmes at undergraduate 
and postgraduate levels. This book, Science Education: An International Course 
Companion, is intended to fill this gap providing introductory readings on topics 
relevant to both undergraduate and post-graduate courses in science education. The 
chapters cover the major course offerings in science education globally. The content 
is therefore suitable for supporting the implementation of various national curricula 
such as the Next Generation Science Standards (NGSS) in the USA. The authors are 
drawn from various countries, and indeed continents, thus making the book uniquely 
international both in content and authorship. The conciseness of the readings in 
the book with each chapter being limited to about 5,000 words in length but at 
the same time containing sufficient material for undergraduate and post-graduate 
programmes makes it a truly comprehensive companion for science education. In 
terms of pedagogy, chapters in the book are arranged in sequence in line with science 
education programmes globally. There is an introductory chapter followed by 40 
other chapters which are arranged in groups of 3–8 around nine themes or sections. 
Within each theme, there is generally a sequencing that ensures a succeeding chapter 
is built on the previous one.

The book opens with an introduction to science education as a scholarly field. This 
is followed by a group of five chapters in Section I which focuses on the nature of 
science and science education and provides a grand reflection of the nature of science 
including beliefs, epistemology, and interdisciplinarity. Section II explores thinking 
and learning in science education through a discussion of the learning theories, 
scientific reasoning, nature of student conceptions and the role of intuition and insight 
in science education. The science curriculum – its development and implementation, 
worldwide initiatives, and integration with mathematics and engineering – is the 
key idea coming through in Section III. Section IV examines science teaching – 
instructional practices, inquiry teaching, models and modelling, context-based 
teaching, assessment, and challenges faced in teaching biology, chemistry, and 
physics. Resources for science teaching are the focus of Section V which discusses 
role of laboratory, practical work, emerging technologies, and 21st century skills.  
The importance of informal science education is highlighted in Section VI through 
a discussion of educational visits and public understanding of science. Section VII 
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PREFACE

explores equity, indigenous and gifted learners, and sustainable development within 
the thematic framework of inclusive science education. The theme of the last section 
of the book is science teacher education. This section highlights pedagogical content 
knowledge, teacher preparation, research perspectives and skills, further professional 
development, and role of science teacher associations in science education.

We commend this book for use by undergraduate and post-graduate students in 
science education and their teachers as well.

Ben Akpan
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KEITH S. TABER

1. SCIENCE EDUCATION AS A FIELD OF 
SCHOLARSHIP

SCIENCE EDUCATION PRACTICE AND RESEARCH

Science education is a key area of activity internationally. Science education is a 
major field of practice, with science (and individual science disciplines) being taught 
and learnt at various levels, both formally (for example in schools) and through 
more informal approaches (such as the learning that takes place when people visit 
science museums) all around the world. In most countries, science is seen as a 
key component of schooling, and higher education in science subjects is usually 
considered of major importance for meeting societal needs such as ensuring the 
‘supply’ of scientists, engineers and other professionals working in scientific fields 
and for ensuring sustainable economic development.

This major field of practice is supported and explored through the academic study 
of science education. Science education research (SER) is a well established, major 
area of research (Fensham, 2004) that can inform the practice of science education. 
This present chapter considers the nature of science education as a scholarly field: 
one that is both about, and looks to inform, the practice of science education. The 
subsequent chapters in this international companion to science education offer 
introductions to some of the key research areas in science education that can inform 
practitioners (such as classroom teachers and college lecturers, education officers of 
scientific societies, outreach officers in university science departments, educators 
working in museums and science centres, subject officers in examination and 
curriculum authorities, and so forth) in their work. In many of the chapters authors 
draw upon research to make specific suggestions for effective teaching practice.

The Focus of Science Education as a Field of Scholarship

Research is the process of developing new public knowledge: knowledge that helps 
us understand phenomena better, and – hopefully – informs actions in the world that 
are more successful in achieving our goals. Science education, as a research field 
is therefore concerned with developing knowledge about the learning of science, 
and the teaching of science. This knowledge helps us better understand phenomena 
such as:
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• why some science topics are usually considered more difficult than others…
• …and why some students do not experience the same learning difficulties as their 

classmates;
• why students often misunderstand some science concepts;
• why some classroom activities undertaken in science lessons are more motivating 

than others;
• the different ways teachers can organise practical work;
• how science textbooks influence teaching approaches in some countries;
• how teaching models and analogies influence students’ developing understanding 

of science concepts.

Science teachers should not only know about the findings of pedagogical 
research, but have some insight into the processes by which such knowledge is 
constructed. This chapter explains how research in science education is similar to, 
and yet different from, research in science, and outlines some key ideas used to 
discuss educational research and the common approaches and tools used.

EDUCATIONAL RESEARCH AND SER

Educational research is primarily concerned with the processes of teaching and 
learning (Pring, 2000), and SER is a subset of educational research where the focus 
of what is being learnt and/or taught is science curriculum content. That may seem 
to suggest that science education as a field is little more than the application of more 
general research in education to science learning contexts. However, that would be 
too simplistic an assumption. Teaching and learning are very complicated processes, 
and because they are complex there are many aspects of teaching and learning that 
we cannot simply treat generically. That is, we cannot simply say that (for example) 
learning happens ‘this’ way and teaching is best done ‘that’ way. As researchers are 
dealing with complex systems, context is often very important. That context can 
involve many components.

So it may make an important difference whether the class consists of 6–7 year 
olds or 13–14 year olds; it may matter whether the class is mixed-ability or a ‘set’ or 
‘stream’ of similar ability students; it might make a difference whether the language 
of instruction is English, or French, or Japanese or some other language (as different 
languages offer different resources for communication and learning); and it often 
makes a substantive difference whether the subject of a class is romantic poetry; the 
causes of the industrial revolution; trigonometry; redox reactions; reproduction in 
flowering plants; electromagnetic induction; or the merits of nuclear power supply. 
It may also make a difference whether the class is taking place in a well designed 
and well resourced classroom in a peaceful and wealthy society or in a hastily put 
together shack, with its corrugated iron roof noisily vibrating in the wind, in a 
poor, war-ravaged country. It makes a difference whether the teacher has minimal 
qualifications, or has earned a subject specialist degree and post-graduate teaching 
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qualification. The reader can readily see that these examples can be multiplied many 
times.

Research can inform all such contexts – but application will not be uniform in every 
context, and research carried out in one place can not always be assumed to tell us 
much about a very different context. Some principles are generally applicable – but 
how they can be applied may still vary according to teaching and learning context. 
What works with a class of 15 high-aspiring, self-assured, fee paying students in 
an elite selective school may not work with a class of 40 students from an area of 
poverty where the children are under-fed, and need to fit school around working to 
help their families. It cannot be assumed that a pedagogy that has been shown to be 
effective when employed by a highly qualified, highly skilled, experienced teacher 
who has been trained in the particular techniques will work when implemented by 
all other teachers. For that matter, an innovative approach may sometimes be more 
effective when used by an enthusiastic novice teacher committed to the pedagogy 
than when employed by a much more experienced teacher who already ‘knows’ it is 
not going to be successful.

Levels of SER

Curriculum area is then one aspect of teaching and learning context that can make a 
difference. Because of this, much general educational research that has been carried 
out in other subject teaching contexts may be relevant to science teaching. Yet this 
cannot be assumed to be so: it is often necessary to test how theories, principles and 
recommendations for practice deriving from other areas of research actually apply 
in science teaching and learning contexts. It is also the case that the unique features 
of science as an area of human activity lead to particular pedagogic issues that may 
not arise in other curriculum areas – so science education has its own specific foci 
and emphases. An obvious example is that of practical work in science and the 
science teaching laboratory which is a particular focus that only arises in science 
teaching. A less obvious example perhaps, but an important one nonetheless, is the 
extent to which learners who come to science classes often have existing alternative 
conceptions of science topics which are often inconsistent with the ideas they are 
expected to learn.

It has been suggested (Taber, 2013) that educational research carried out in 
science teaching and learning contexts can be considered to fit one of three levels of 
SER (see Table 1). This typology is of course just a model, and it is not suggested 
that all studies obviously and unambiguously fit into one of the categories. However, 
it may be a helpful way of thinking about SER.

In this scheme some research carried out in science classrooms (labelled collateral 
SER) is about general educational issues, and the choice of a science teaching 
and learning context is often little more that a convenience. Imagine a researcher 
interested in a general educational question who asks teachers at a school to volunteer 
to take part in a study. Perhaps the science teacher is interested in taking part, and 
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the history teacher is not. In another school it may have been the geography teacher 
or maths teacher who offered to help. Surveys that are carried out in large numbers 
of classrooms may include some science classes as part of a more diverse sample. 
It may be then that there can then be some analysis by subject – but only when the 

Table 1. Research carried out in science learning contexts varies in the  
extent to which it is specific to science education

Level of SER Focus Examples Comment

Collateral General educational 
issue

Does how long a teacher 
waits after asking a 
question, before selecting 
a student to respond, 
influence the quality of 
response?

Can peer tutoring be used 
as a means of challenging 
the most able learners in 
a class?

These are relevant to 
science teaching, but 
findings are likely 
to apply to other 
curriculum subjects just 
as much.

Embedded Wider educational 
issue to be understood 
within the context of 
science teaching and 
learning

How can dual-encoding 
theory (about the 
cognitive processing 
of verbal and visual 
information) support 
learning about the 
circulatory system?

How can tasks with higher 
order cognitive demand be 
incorporated into studying 
the classification of living 
things?

These are principles 
relevant to teaching 
across the curiculum, 
but where application 
needs to be related 
to the specifics of 
disciplinary subject 
matter.

Inherent Issue arising from the 
specific of science 
teaching and learning.

Do students appreciate 
the affordances of 
chemical equations 
in linking between 
laboratory phenomena and 
submicroscopic models of 
matter?

What are pupils’ moral 
and aesthetic responses 
to dissection in school 
science?

These are questions that 
only arise in science 
education, as they 
relate to something 
specifically about 
subject content.
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sample size and method used to build the sample allow meaningful comparisons of 
that type.

Embedded SER

Other research may explore more general educational issues, but in such a way that 
the location of the research in the science class is a principled choice. So there are 
many educational theories, principles and ideas which are quite general, but which 
could be tested in regard to their value in specific (science) teaching and learning 
contexts. So the notion of ‘scaffolding’ learning is a general idea about how to 
support learners in gaining competence in new areas – but the idea needs to be 
operationalised in particular contexts. We might ask how to effectively scaffold

• learning about the theory of natural selection;
• learning to undertake the calculations needed when using titrations in quantitative 

chemical analysis;
• learning how to test the principle of conservation of momentum in the school 

laboratory.

and so forth.
Another example is the general principle that teachers should include tasks 

requiring higher order cognitive skills (such as synthesis and evaluation) in their 
lessons. SER might look at what that means when teaching 7 year olds about types 
of animals, or 13 years olds about the periodic table, or 18 year olds about nuclear 
reactions, or setting up a museum exhibit about the extinction of the dinosaurs.

There are many such areas of general educational theory that are believed to apply 
widely in teaching but where more specific research (embedded SER) is needed to 
see how they might be best applied in particular science teaching contexts. However 
there are also issues that arise specifically from the teaching and learning of science 
that would not be directly relevant elsewhere in the curriculum. Thus some studies 
in science teaching and learning contexts can be considered inherently science 
education studies (inherent SER).

Inherent SER

For example, there are many common alternative conceptions about science topics 
that learners bring to science classes. Most people have an intuitive notion of how 
forces are related to the motion of objects. These ideas are often very similar, and are 
at odds with the formalism of physics taught in school science and college physics 
courses. Research suggests that not only do pupils often enter school with these 
ideas already established, but they very often retain the ideas despite teaching. That 
presents a very specific (but rather important) science teaching challenge, that is 
reflected in many science topics in the curriculum. This has motivated a great deal 
of research about the nature of learners’ science ideas (see Chapter 9: ‘The Nature of 
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Student Conceptions in Science’), how these might change over time, and the kinds 
of teaching able to bring about desired conceptual change.

Another major issue in science education concerns how to organise science 
practical work such that it is a ‘minds-on’ and not just a ‘hands-on’ activity (see 
Chapter 29: ‘Minds-on Practical Work for Effective Science Learning’) as often 
during school laboratory work students are too busy thinking about the organisation 
and safe manipulation of materials to actually reflect very much on the purpose of 
the activity and the theoretical significance of their observations. This has become a 
major focus of concern in science education.

Other examples of foci of inherent SER would be

• how to teach learners about the nature of scientific ideas such as theories, 
principles and laws – for example, that theories can be well-evidenced, robust, 
explanatory schemes, and yet should be considered as provisional, theoretical 
knowledge;

• how to teach students about the affordance of particular representations such as 
chemical equations, and circuit diagrams, or the kinds of ‘tree’ diagrams used in 
cladistics;

• how to best teach evolutionary ideas to students from communities which reject 
evolution on religious and cultural grounds;

• how can teaching models of energy be developed which offer authentic reflections 
of the scientific concept, but are not too abstract for lower secondary school 
students to engage with…

Issues such as these arise from the specifics of teaching and learning science, and 
so are intrinsic to the professional concerns of science teachers, whilst being of little 
direct relevance to teachers in other curriculum areas.

SCIENCE TEACHER CLASSROOM RESEARCH

It is the existence of topics motivating inherent SER that supports the existence 
of a distinct scholarly field of science education. Such a field is both dynamic 
and permeable. It is dynamic because active topics of interest change over time 
(Fensham, 2004; Gilbert, 1995), and it is permeable both in terms of ideas and 
scholars. Ideas from many academic fields become adopted and adapted in SER, 
and ideas first developed in the field may come to be used more widely. Some 
people who contribute to SER spend their entire careers doing so. Others may shift 
into or out of the field to and from cognate areas (such as educational psychology, 
sociology of education, mathematics education). Some researchers continue to 
work in the field in parallel with working on projects in other areas. There are also 
subfields, such as physics education research, chemistry education research, biology 
education research, astronomy education research, etc., within SER, and a wider 
field of ‘STEM educational research’ which encompasses issues of interest across 
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teaching subjects such as science, technology, engineering and mathematics (often 
collectively known as STEM).

A very important, if less obvious, part of the field comprises of classroom teachers 
who carry out research motivated by issues arising in their own science teaching 
practice. There are barriers to teachers and other professionals making major 
contributions to the field. An obvious one is time, as busy teachers often have very 
little capacity to undertake research on top of their teaching and pastoral duties. 
Teachers may also find it difficult to access research literature, much of which is 
behind paywalls: although increasingly material is available through open or free 
access. Another potential barrier is lack of knowledge and skills in research methods – 
although this is now often recognised as something that should be included in science 
teacher education.

Furthermore much research carried out by teachers is context-directed. That 
means that rather than seeking to explore a major theoretical issue in the field that 
might apply widely, the teacher is primarily concerned to address an immediate 
problem or issue in practice: why do these students not ‘get’ conservation of energy? 
Why is this class not motivated to study molluscs? How can I teach my students 
about climate change in a way that is informative, but allows them to make up their 
own minds about what needs to be done?

Often the teacher’s issue or problem would be shared by many others around the 
world, and perhaps their solution may work elsewhere – but their motivation and 
focus is appropriately on changing their own practice rather than claiming a new 
generalisable theory or approach. Often very useful teacher research is of the form 
(Whitehead, 1989):

a. recognising I am not happy about some aspect X of the science teaching and 
learning here;

b. finding out what existing research suggests might work;
c. trying out some promising ideas;
d. finding something that seems to work better to incorporate in classroom practice 

from now on.

It may be that much context-directed research of this kind offers little that is new 
to inform other teachers, but it can still make a real difference to students in the 
specific research context. Some research undertaken by science teachers in their 
classroom however does offer new ideas and deserves to at least be reported to 
colleagues at science teacher association meetings and in practitioner journals (such 
as School Science Review) or more specific disciplinary teaching magazines (such 
as Education in Chemistry).

WHAT MAKES A FIELD?

A scientific or academic field is an area of activity having a sufficient level of 
organisation and coherence to have become widely recognised as an entity. So the 
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field of science education is a social construct – it exists to the extent that enough 
people considered to be authoritative about such matters (which is itself a matter of 
social agreement) consider it exists. If a scholarly field is a social construct, it does 
not exist in the same way that perhaps a tree, or a mountain or the planet jupiter 
exist. These things exist as natural objects independently of whether people know of 
them and how they think about them. Social constructs depend on a kind of social 
consensus that could disappear.

Moreover many of the objects of research in education are also social constructs 
that do not have an independent physical existence. Think about such notions 
as exemplary teaching, an orderly classroom, a productive group discussion, 
effective learning, a good classroom environment or a naughty child. Such things 
‘exist’ but how they are understood depends upon the perceptions of those who 
construe them in particular ways. The child who interrupts learning activities to 
ask awkward questions may be seen as disruptive and naughty, or as gifted and 
inquisitive, perhaps depending on cultural or institutional norms. That is, the 
same child, doing the same things, could be construed very differently. A school 
science lesson where all the children sit quietly in rows and write down what the 
teacher says would in some cultural contexts (in particular places and at particular 
times) be seen as a good lesson, when at other times and in other places this would 
be seen as unsuitable for promoting effective learning. In some contexts such a 
classroom would be assumed to be demotivating for the children – but that need 
not necessarily be the case, as this depends upon children’s expectations and the 
norms they have assimilated.

All research has to engage with issues of ontology (the nature of things that we 
might investigate), epistemology (how we come to knowledge about those things) 
and axiology (the values that inform our choices of action in the world). This 
applies to research in natural science as much as in science education (see Table 2), 
although because science disciplines are often organised into well established 
research traditions (Kuhn, 1996) the novice researcher gets inducted into the shared 
assumptions of those already working in the field and comes to take much for granted. 
In educational research these issues tend to be more often explicitly discussed when 
writing about research.

As research is progressive (that is as what is found out in research today suggests 
questions for further enquiry), questions that may be considered things to think about 
when designing research today, may have themselves been the subject of enquiry 
previously. The ontological and epistemological questions in Table 2 are matters 
that can be informed by empirical research (and the axiological questions may be 
explored through philosophical enquiry). To adopt these technical terms, a reader 
might pose the question that: whilst it might seem a good idea that there should 
be a field of research to support science teaching (an axiological consideration), 
if research fields have the rather tenuous status of being socially constructed (an 
ontological claim), how can we know it is reasonable to talk of there really being 
a field of science education (an epistemological matter)? This is a reasonable 
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question, but there is a good deal of evidence that the SER field is a meaningful and 
useful construct for making sense of much scholarly activity (Fensham, 2004). For 
example, we might take the following as useful indicators:

Table 2. Research (in science, and in science education) raises questions about  
(a) the nature of things we might enquire into; (b) how robust knowledge  

can be constructed; and (c) how we should act in the world

Type of issue: Relates to: Examples from science Examples from education

Ontological The nature of 
things

How should an acid be 
understood (e.g. Brønsted-
Lowry, Lewis model)?
Are atomic orbitals real or 
just useful fictions?
What is dark energy?

What is learning?
How is knowledge 
represented and structured 
in a person’s mind?
What is effective 
teaching?

Epistemological How we know 
things

Does preparing samples 
for observation under 
the electron microscope 
modify the sample and 
change what is there to be 
seen?
How can we deduce 
the existence of very 
short-lived particles from 
patterns seen in high 
energy collider detectors?
How can we identify 
functional groups in 
organic chemicals from 
absorption patterns in 
spectra?

What counts as evidence 
of learning?
When do researcher 
beliefs and expectations 
get communicated to 
teachers and learners 
and influence research 
outcomes?
Are classrooms that are 
observed by researchers 
changed by the presence 
of the observer?

Axiological Acting in ways 
informed by 
our values

Is it right to induce or 
breed disease in animals 
for purposes of medical 
research?
Should scientists 
undertake research 
intended to develop lethal 
weapons?
When is it fair to study 
participants to run clinical 
trials on unproven drugs 
to test their efficacy?

When is it fair to teach 
children using unproven 
techniques/resources to 
test their efficacy?
How much do we need 
to tell people about a 
study to consider they 
have given us informed 
consent?
Is it fair to use classes as 
controls in research when 
they cannot benefit from 
the intervention being 
tested?
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• There are national and international associations concerned with science 
education;

• People can take degrees in science education – including both taught and 
research—based postgraduate (‘higher’) degrees;

• There are specified posts in the field (such as lecturer in science education; 
professor of science education) and sometimes university departments of science 
education;

• There are national and regional research associations specifically concerned 
with SER (for example the European Science Education Research Association; 
the Australasian Science Education Research Association; and the National 
Association for Research in Science Teaching based in the United States);

• There are quite a number of research journals in science education, and a major 
journal devoted to publishing reviews of research in the field (see the further 
reading at the end of this chapter);

• Major publishers produce book series in science education;
• There are regular national and international conferences in science education;
• There are established ‘handbooks’ as key reference works in the field (see the 

further reading at the end of this chapter).

Such indicators show that much scholarly activity is commonly recognised 
as an entity, SER. Moreover, just as in the natural sciences (Lakatos, 1970), it is 
possible to find evidence of specific research programmes within science education 
(Erickson, 2000; Gilbert, 1995; Solomon, 1993; Taber, 2006) where research topics 
are addressed over series of studies that adopt the same set of starting points, and 
build iteratively on each other.

HOW IS RESEARCH CARRIED OUT IN SCIENCE EDUCATION?

According to the historian of science Thomas Kuhn, science is characterised 
by communities which share a ‘disciplinary matrix’ – which includes such 
features as common assumptions, key discipline-specific exemplars, theoretical, 
methodological and analytical tools. Scientists working in the same field and 
within related research programmes are likely therefore to agree on core concepts 
for making sense of the field, general experimental or observational approaches, 
the kind of instrumentation that is useful and how to analyse data sensibly. So 
particular techniques (e.g., electron microscopy, high energy particle colliders; 
genomic sequencing; PET scans, etc) may tend to become recognised as standard 
approaches in a field. Knorr Cetina (1999) has characterised the very different 
ways that scientists work in the two different fields of molecular biology and high 
energy physics – where the different nature of the subject matter and the consequent 
epistemological challenges lead to different ways of organising laboratories (and 
even understanding what a laboratory is), as well as distinct sets of core concepts, 
core assumptions, and core techniques.
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Science education is not as finely structured as many areas of the natural sciences. 
Often problems are not as well defined, and researchers may work across a range 
of problems and kinds of research questions. A wide range of methods are used in 
science education (National Research Council Committee on Scientific Principles 
for Educational Research, 2002), and because the phenomena being studied are 
often complex, it is sometimes considered that methodological pluralism and/or 
analytical pluralism is needed to address problems – so complementary methods of 
data collection (National Research Council Committee on Scientific Principles for 
Educational Research, 2002) and analysis (Taber, 2008) may be used in the same 
study.

Experimental Research in Education

Some SER uses experimental methods. A common (but often quite weak) form of 
educational experiment involves teaching two parallel classes by different methods 
to see which approach produces the better educational outcomes. There are a number 
of serious problems with this kind of research design. For one thing there are so 
many uncontrolled and often unknown variables. Any experienced teacher knows 
that parallel classes can be very different to teach as every student is unique and 
classes behave in ways that depend upon the complex interactions between the 
individual students. Moreover teachers with similar qualifications and levels of 
teaching experience cannot be assumed to be ‘equivalent’. Having the same teacher 
teach both classes does not solve this challenge as few teachers are equally as skilled 
at (or committed to) several different teaching approaches. Even such factors as the 
time of day when classes are scheduled (which may be different for the classes) or 
the teaching rooms used (different levels of light, noise, arrangement of resources, 
etc) can make a difference – although such details are seldom reported in studies.

To some extent these problems can be reduced if research is carried out on a large 
scale, with many classes randomly assigned to the two different conditions, as most 
of the incidental factors will (probably) largely cancel out if the sample of classes is 
big enough. But such studies are difficult to organise (and expensive to resource). 
They still can not allow for such factors as teacher and student beliefs about which 
approach is better (expectancy effects that can influence outcomes) or problems of 
allowing for the novelty of an innovation – which might be motivating for students, 
or may sometimes seem to threaten familiar routines.

Another problem with many studies evaluating new teaching approaches, 
curriculum or resources is the tendency of teachers to need to have taught something 
new several times through with different classes before they become proficient and 
outcomes reflect the full potential of the approach. Often studies are comparing 
teachers trying something new with teachers carrying out their normal practice – 
carefully honed teaching routines. Teaching and learning are complex, and teachers 
refine their skills over time based on – sometimes subtle – feedback on how students 
respond to different approaches, sequences, models, activities etc. Teachers also 
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develop a better understanding of pedagogies as they reflect on trying things out 
with a variety of classes, and gradually come to optimise a fit between teaching style; 
personal repertoire of anecdotes, examples, and teaching skills; pedagogy; local 
resources; and student characteristics. Evaluations of innovations then often suffer 
from either being enhanced by the enthusiasm of pioneers, or being handicapped by 
the unease of seasoned professionals moving out of their comfort zone to work in 
ways they have not yet been able to practise and mould.

There are also ethical issues to be considered. Children (and teachers) cannot be 
assumed to be available as research subjects. Rather, participants must offer informed 
consent to be part of a research project, especially where their talk or written work 
may be published. Usually when children are involved parental permission is 
needed before children can be closely observed or interviewed or tested for research 
purposes.

A particular problem occurs when researchers claim to be comparing some 
innovative approach (constructivist/progressive/reform-based teaching) with 
‘traditional’ teaching – if traditional teaching involves asking teachers to teach in 
ways research already suggests are less effective. This may sound fanciful, but 
it is not unusual to see studies where it is reported that the control class did not 
involve discussion work, or access to multimedia resources, or hands-on practical 
work, etc., but was restricted to listening to a teacher, reading a text book, and 
making notes or answering written questions. Perhaps sometimes that genuinely 
is the typical practice in the research context and so provides a fair comparison 
condition – but it is not acceptable to set up such a situation in the hope of showing 
that an alternative approach is more successful, when there is already a great deal 
of evidence suggesting that this will be the case. This can be avoided by testing 
innovative approaches against pedagogy that is already recognised to be effective. 
Rather than ask ‘is this approach better than a stereotype of unsatisfactory outdated 
pedagogy?’ the question becomes ‘how well does this innovative approach compare 
with other pedagogies known to be effective?’

Teachers testing out new ideas in their own classrooms often adopt an ‘action 
research’ approach where new ideas are tried out, and carefully evaluated, then 
modified if need be, then evaluated again (as many times as seems appropriate) 
to inform future practice. The lack of a control or comparison condition limits the 
inferences that can be drawn from this kind of research, but the teacher-researcher 
is aware of the provisional nature of their findings, and will not assume that what 
has worked well with one class will always work well in the future. The attitude 
here is to adopt evidence-based practice, but to always be open to collecting further 
evidence. As in science itself, we should always be open to new information that 
may change our minds.

There are approaches, such as design research and lesson study, that allow 
teachers to work together, sometimes with specialist researchers, to test out teaching 
approaches and resources that may be generalisable across classes – at least within 
certain bounds (in teaching a certain topic; in working with pupils of a certain age; 



SCIENCE EDUCATION AS A FIELD OF SCHOLARSHIP

15

etc.). These approaches also tend to use iterative cycles of research, where repeated 
modified applications help optimise instructional design or resources. However, the 
science teacher is in clinical practice in the sense that, like a doctor treating patients, 
every case is somewhat idiosyncratic. The teacher needs to be alert to the sense in 
which every new class presents a new test of teaching practice and a potential reason 
for seeking to develop that practice further.

Alternatives to Experimental Research

Experimental research is a major tool in the natural sciences where it is often possible 
to identify, measure and control potentially confounding variables. Educational 
phenomena are seldom easily subject to laboratory-type testing and researchers 
in science education have other kinds of research tools more suited to exploring 
complex phenomena. Researchers can use methodologies such as surveys, case 
studies, ethnography and grounded theory to develop new knowledge (Taber, 2014).

Surveys sample a population to answer a research question of some generality. 
For example surveys might be developed to answer questions such as:

• how many years of classroom teaching do science teachers typically have before 
being made heads of school science departments – and does this vary by gender?

• what proportion of 16 year old students understand the nature of ionic bonding?
• which science topics do primary school children most enjoy?
• how much time is typically given over to group discussion in secondary school 

biology lessons?
• to what extent do school textbooks offer historical context to scientific discoveries?
• to what extent do students see college teaching about atomic structure (or 

photosynthesis, or genetics, or…) as building upon, rather than contradicting, 
school science?

Questions such as these require data to be collected from either an entire population 
(which is seldom possible) or a sample considered representative of that population. 
This type of (‘nomothetic’) research is focused on what is usual, normal or typical. 
Sometimes it makes sense to look for the average or typical in this way, but sometimes 
research is focused on the complex nature of teaching and learning – with many 
interacting factors at work – which cannot be meaningfully characterised through 
averages. Here ‘idiographic’ approaches such as case studies may be used to explore 
individual cases in great detail, and report them with ‘thick description’ so the reader 
appreciates the context of the case. The case is one unique example among many:

• the science curriculum in one country or region;
• the marking scheme for a particular physics paper;
• the presentation of atomic structure in one textbook;
• the teaching of acids by one teacher to one class;
• one student’s ideas about the nature of the world at the micro-scale.
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Findings may not be generalisable in the sense that they can be assumed to apply in 
other contexts, but may be informative because they highlight nuances and subtleties 
that can only be identified through detailed study of individual cases. Sometimes 
cases are deliberately chosen NOT to be typical, as when an exemplary teacher might 
be studied to find out what make them such a good teacher. For example, when 
Karina Adbo interviewed Swedish upper secondary students about their thinking 
about the chemistry topics they studied in school she chose to report a case study of 
a student with an atypically rich conceptualisation because this provided particular 
insight into how a students’ initial ideas channelled the way his thinking developed 
in response to teaching (Adbo & Taber, 2014).

Researchers may adopt ideas and approaches from anthropology if they are 
exploring a cultural issue. One example would be a book by David Long (Long, 
2011) reporting an ethnographic account of how students in the USA responded 
to scientific ideas about evolution when these were widely rejected in their local 
communities. Another strategy, grounded theory is a coherent research approach 
that tests and retests ideas and theory developed in a particular context until 
there is strong evidence that key issues are well understood. It requires extensive 
engagement in the research context and an open-ended evolving research design. 
Unlike in experimental research where samples and instruments and endpoints 
are determined before starting data collection, grounded theory research lets 
ongoing analysis of data inform decisions about what new data to collect, and 
the research continues until this process no longer provides substantially new 
insights.

These research methodologies then offer diverse types of research strategy. There 
is also a wide range of specific research methods or techniques adopted in SER, and 
some of these are used (but in somewhat different ways) across methodologies. For 
example, surveys may use observation or written instruments. The latter may be 
questionnaires to survey opinions, perceptions and the like, or assessments (tests) to 
explore levels of scientific knowledge.

Observation in a survey is likely to use a structured format – with fixed categories 
and indicators for coding what is seen. Because a case study would normally have 
a more open-ended research question, observations of the case are more likely to 
allow the observer to decide what it is pertinent to record. In both approaches there is 
inevitably a level of interpretation in making observations based on what is seen: but 
in the former case it has been previously decided what indicators are likely to reflect 
features of interest. In grounded theory studies, research observation may shift from 
being open-ended to more structured during the research as initial analysis suggests 
conjectures to test out.

Surveys may use structured interviews, but more often educational research uses 
less structured interviews where the researcher probes the participant using a more 
conversational approach. A conversation is less reproducible between participants, 
but may be needed to find out about the complexity of someone’s ideas, especially 
when they may not have mastered a canonical use of scientific terminology. Much 
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of the work into learners’ ideas in science has used more open ended interview 
approaches. There have new techniques developed for this kind of work, such as 
the interview-about-instances (Gilbert, Watts, & Osborne, 1985) which used a pack 
of visual images as foci for prompting thinking about situations (“is there any force 
here…?”) This is an example of a research technique developed in science education 
which can be used much more widely.

CONCLUSIONS

Science education comprises a major area of professional activity concerned with 
teaching, supported and informed by an active field of scholarship and research. SER 
is well established as a field, employing a diverse range of research methodologies, 
and has led to a great deal of knowledge about student thinking, common learning 
difficulties, effective teaching approaches and so forth – albeit in some science 
topics more than others. Effective science teachers seek to make sure their work is 
informed by this research. However, every institutional context has its own quirks, 
every class is different, and every student is unique. Each teacher has their own 
strengths, weaknesses and style. So even when relevant research is available to 
inform our teaching, there is a sense that every lesson is potentially a further field 
trial of the research results we seek to apply. That is something science teachers 
should appreciate – if they adopt evidence-based teaching, then their professional 
work takes the form of a personal research programme within the scholarly field of 
science education.

FURTHER READING

There are quite a number of research journals concerned with science education. 
Among the most highly thought of are:

International Journal of Science Education
Journal of Research in Science Teaching
Research in Science Education
Science Education

There is also a journal devoted to in-depth reviews of areas of research in science 
education

Studies in Science Education

There are also more specialist journals such as

Chemistry Education Research and Practice
Journal of Biological Education
Journal of Geoscience Education
Physics Education
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There is also a number of standard reference works in science education that include 
scholarly articles on a range of topics:
Fraser, B. J., Tobin, K. G., & McRobbie, C. J. (Eds.). (2012). Second international handbook of science 

education. Dordrecht: Springer.
Gunstone, R. (Ed.). (2015). Encyclopedia of science education. Dordrecht: Springer Reference.
Lederman, N., & Abell, S. K. (Eds.). (2014). Handbook of research in science education (Vol. 2,  

pp. 457–480). New York, NY: Routledge.
Matthews, M. R. (Ed.). (2014). International handbook of research in history, philosophy and science 

teaching. Dordrecht: Springer.

An introduction to educational research written with classroom teachers and 
preparing teachers in mind is:
Taber, K. S. (2013). Classroom-based research and evidence-based practice: An introduction (2nd ed.). 

London: Sage.
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KEITH S. TABER

2. REFLECTING THE NATURE OF SCIENCE IN 
SCIENCE EDUCATION

WHY TEACH SCIENCE?

Science is now an accepted, indeed often a core, part of the school curriculum around 
the world. However, no matter how much time is put aside for teaching science, 
there always has to be a severe selection of material as there is much more potential 
science content than could realistically be fitted within a pupil’s school career. In 
selecting curriculum, we should always keep in minds our purposes for teaching 
science. There are a number of good reasons that might be suggested for teaching 
science. In particular it is worth considering the following arguments:

• It is important to teach science because of the need for future scientists, engineers, 
technologists, and others who will need a strong science background for their 
work.

• It is important to teach science as it is an important aspect of modern culture and 
everyone should appreciate this aspect of culture.

• It is important to teach science because a knowledge of science is needed for 
citizenship in modern technological societies.

The first argument has two aspects. Societies need a supply of suitably qualified 
people to work as scientists, doctors, engineers and so forth, and that requires 
sufficient pupils completing school who are qualified and motivated to enter science 
and related areas in further and higher education. The other aspect of this is that 
many young children do aspire to be scientists, or to work in areas applying science 
such as medicine and engineering. Perhaps not all have the potential to fulfil their 
aspirations, but schools should give pupils suitable opportunities (through suitable 
science and mathematics teaching, for example) such that those with the desire and 
aptitude are able to progress to scientific careers.

The second argument is related to the importance of a liberal education. School 
should introduce young people to all of the important elements of their culture, so 
they are in a position to engage with that culture through their lives. This would 
include such areas as music and fine art (which in some educational contexts might 
include both indigenous traditions as well as those of more Western ‘classical’ 
traditions), but would also include such areas as politics and science. The idea here 
is that schooling should enable anyone to feel enabled to visit an art gallery, or attend 
a concert, or to visit a natural history museum or read an article in a popular science 
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magazine, and to have sufficient background to appreciate and not feel alienated 
by that aspect of culture. It could be suggested that a ‘liberal’ education enables a 
person to feel they can join in with an intelligent conversation about different aspects 
of a society’s culture. In modern societies, that would include aspects related to 
science and technology.

The final argument to be considered here goes beyond feeling able to join in a 
conversation about science, but rather is based on the assumption that to function 
effectively in a modern democratic industrially advanced society – or indeed in 
a society aspiring to be democratic and/or technologically advanced – the citizen 
needs to have a basic understanding of science. The citizen who is advised by a 
doctor about treatment options for themselves or a sick relative can only make an 
informed decision if they understand some basic science. The citizen who wishes 
to live their life in an environmentally responsible way (without producing undue 
waste and pollution) needs a basic understanding of some science so they can make 
choices about their purchases and sensible recycling behaviour. The citizen asked 
to vote in an election where different options are presented as best meeting future 
power supply needs (e.g. should the country invest in new nuclear power stations?) 
can only make an informed choice when they understand some basic science.

These different purposes are not necessarily contrary to each other, but they do 
bring different emphases. Ideally a good science education is meeting all of these 
needs by providing a curriculum which allows some students to qualify for higher 
level study, and leads all students to know enough basic science to make informed 
choices, and to feel comfortable with engaging with science-based issues when 
they arise.

BALANCING SCIENCE PROCESS AND SCIENCE  
PRODUCT IN THE CURRICULUM

Given that the development of a science curriculum necessarily involves a selection 
of content from the vast amount of science that could be taught, it is important 
to make principled choices (see Chapter 13: ‘Curriculum Development in Science 
Education’). Indeed, there is evidence that in some ways ‘less is more’. This has 
been seen for example in England where a prescribed National Curriculum set out 
a large number of topics from across the sciences that all students should study 
during their schooling. This was seen to ensure that everyone knew something 
about what were considered important topics in biology, chemistry, physics, and 
earth and space sciences. Yet with so many topics to ‘cover’ teachers had limited 
time to delve into topics in any depth. Often students who found science difficult 
tended to feel they were always moving onto new material before they had really 
got to come to terms with the previous topic. Those students who performed at high 
levels, the ‘gifted’ learners, tended to feel that science was a subject where they 
were constantly being given more material to learn – but with limited opportunity 
for the kind of in-depth treatments needed to challenge them. Unfortunately the 
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curriculum tended to deter a lot of pupils from wanting to study science further 
once they reached the end of compulsory schooling. Of course that did not apply 
to all students: but many of those potentially suitable for scientific careers thought 
other academic areas offered more opportunity for deep engagement, and many of 
the rest left school bewildered by science rather than enchanted with it. So a very 
dense curriculum seems to generally fail in meeting the key purposes for science 
education discussed above.

The other aspect of this particular curriculum that did not meet its designers’ 
intentions concerned the extent to which it enabled learners to develop a feel for the 
nature of science. That is, a good science curriculum needs to not only teach some 
science, but also teach about science. There needs to be a balance between teaching 
some of the products or outcomes of science (such as the periodic table; the theory 
of natural selection; the ideal gas law) and teaching about the processes of science – 
how science goes about producing new knowledge.

This is important in terms of our reasons for teaching science. A young person 
who aspires to be a scientist or work in a related field (as a doctor, or an engineer) 
certainly needs to know some science. Universities and other advanced educational 
institutes will expect to select students who already have a good background in key 
basic science, and who have demonstrated they are able to learn and apply scientific 
ideas. The more science students know at the end of school, the easier it is for those 
teaching on advanced courses. However, as long as students are carefully selected 
for the subject they go on to study, it is not actually difficult for the university to 
teach material not covered in school. A good understanding of fundamental ideas that 
demonstrates strong interest and aptitude is more useful than a broad, but shallow, 
knowledge across a wide range of topics.

However, as well as some background knowledge, the future scientist should 
have a good feel for the nature of the work they will do if they qualify in and enter 
a scientific field. That is school science should give them a feel for what it is to 
be a scientist and do science. This consideration also applies in terms of a liberal 
education. Scientific knowledge moves on very quickly. Some of the science a 
person learns in school will be discredited or substantially modified during their 
adult life. During that life, quite a lot of the science learnt in school will be of 
limited importance to new developments, and whole new areas of science with 
major applications will open up that were never mentioned in school as they 
were unanticipated. What will not substantially change is the nature of science as 
a cultural activity which produces, evaluates, develops and sometimes demotes, 
scientific knowledge.

This argument becomes even more important in terms of the third purpose 
of science education discussed above – to prepare young people for citizenship. 
Inevitably most of the ‘products’ of science in the school curriculum tend to be 
pretty secure knowledge claims that are no longer the subject of active disagreement. 
Yet the science that people are asked to take a view on in the political or civic 
realm tends to be in areas where there remains controversy. One example, nuclear 
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power, has already been mentioned. Other areas include such important themes as 
global warming, deforestation, and biodiversity, where even when there is a clear 
majority of scientists arguing that science suggests urgent and new policies are 
needed, some other scientists will appear in the media denying that this is the case. 
If school science is presented as a ‘rhetoric of conclusions’ (Schwab, 1962) – as a 
series of accounts of consensual, settled science – then students are not prepared to 
understand how they should respond to bitter arguments between different scientists 
who are each claiming the scientific evidence supports their view. Yet, actually, 
that kind of argumentation is typical of the scientific process – which is quite 
unlike the straightforward accretion of successive models, theories, laws, etc., that 
science education can easily portray with the benefit of decades or even centuries 
of hindsight. In science, the account presented in school can reflect the ‘winners’ of 
various scientific debates rather than the argumentation that was at the heart of the 
scientific process itself.

The argument here is not that school science education should be about the 
processes of science instead of the content – even if that were possible (as some 
contexts are needed to effectively teach about the processes). The argument is that 
teaching about the nature of science is essential to a science education that wishes 
to prepare future scientists, cultured members of society, and informed citizens, and 
that accordingly great care is needed to balance the teaching about science itself 
as a cultural and intellectual activity, and teaching about some of the important, 
fascinating, and highly applicable, scientific knowledge that this cultural activity we 
call science has produced.

THE NATURE OF ‘THE NATURE OF SCIENCE’

Having established that there are good reasons to teach students about the nature of 
science as a key part of school science, it is important to acknowledge a number of 
potential problems. These issues may explain why despite many high profile calls 
for the importance of teaching about the nature of science (e.g., Clough & Olson, 
2008; Duschl, 2000; Matthews, 1994), the nature of science is still not well reflected 
in the school curriculum in some countries. These issues are:

• science is a broad area of activity, so it is not always very obvious what is common 
to all of science;

• there is not always strong consensus on how to best understand, and so represent 
in teaching, the nature of science;

• scholarship about the nature of science from areas such as philosophy, history, 
psychology and sociology can be quite technical and specialised, and is often too 
sophisticated for most school learners;

• there is less expertise amongst science teachers, curriculum developers and 
textbook and other resource authors, regarding the nature of science compared 
with the level of expertise in areas of science themselves.
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The last point is something that can be overcome in time, if teaching about the 
nature of science within the school curriculum is recognised as a priority (as argued 
here). The other points are important, but need not be major impediments. Indeed 
the diversity of science may be seen as a positive feature in a sense, as it implies 
that teaching about the nature of science should focus on features that are common 
across the wide range of sciences.

The lack of consensus on some aspects of the nature of science (for example, 
exactly how to distinguish scientific fields from activities we would not consider 
science) is important, but actually there seems to be a widespread agreement on those 
key features of science that need to be represented in school science (as discussed 
below). The issue of the sophistication of the level of professional scholarship in 
areas related to the nature of science does present a challenge, but in principle this 
is no different than when teaching about scientific content itself. School science 
includes many content areas where scientific thinking is nuanced and where the 
detailed scientific theory or model is too sophisticated for school age students.

In developing curriculum, complex and abstract scientific ideas are represented 
in curricular models that offer learners the essence of those ideas at a suitable level 
of complexity to allow them to be grasped as meaningful. Topics such as the theory 
of natural selection, the nature of chemical bonding in metals, or the formation of 
heavier elements in stellar nucleosynthesis – to offer just a few examples – are not 
suitable for teaching in school at the level of current scientific knowledge, but can 
be taught through appropriate simplifications that are accessible to learners whilst 
offering an authentic basis for later progression in understanding. Finding the 
optimal level of simplification (Taber, 2000) for presenting such topics is a key task 
for science education, and this is true of representing aspects of the nature of science 
as well as aspects of science content knowledge (Taber, 2008).

KEY ASPECTS OF THE NATURE OF SCIENCE

There is a vast literature on the nature of science or what is sometimes called ‘science 
studies’. The aim in school science is to get across a flavour of some key features 
of our understanding of the nature of science. This brief introductory account is 
intended simply to alert readers to some important topics and ideas. There are 
many good sources for learning more (see the list at the end of the chapter for some 
examples), and other chapters in this section fill out much more detail on some of 
these themes. The focus here will be on:

• The nature of scientific knowledge
• The nature of scientific method
• The limits of science
• The cultural embeddedness of science
• Logic and creativity in science
• The human aspect of science
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• The institutional aspect of science
• The rhetorical nature of science

These are presented below as short vignettes on distinct themes, but the astute 
reader will notice many areas of overlap and connection. As a teacher, it is important 
to remember that in teaching about these areas the aim is to introduce students to 
perspectives, rather than to seek to teach models and theories from science studies 
as if they are facts. In effect, the teacher should try to adopt a social sciences or 
humanities pedagogy where the am is to help students understand the different 
perspectives, rather than to accept them as ‘true’ accounts.

THE NATURE OF SCIENTIFIC KNOWLEDGE

If this approach to teaching seems outside the normal way of working for science 
teachers, then it may be useful to bear in mind that an appreciation of the nature 
of science suggests that a common problem with school science teaching is that it 
often presents science content as true accounts of nature, so that students see science 
as about facts (see Chapter 4: ‘Beliefs and Science Education’). Yet primarily 
science is not factual in nature, but theoretical. The essence of science is developing 
explanatory schemes that make sense of extensive volumes of data and that have 
predictive value. Scientists often talk as if they are describing how nature is, but they 
are actually presenting theories and models and other kinds of constructs that derive 
from the human imagination. Scientists invent categories such as acids and stars 
which helpfully put order into how we can think about a very complex universe. 
But often these categories only approximately work. Think about a category such 
as homo sapiens. A little thought suggests that although we have little difficulty 
telling humans from non-humans today, it is not always so clear cut whether hominid 
fossil remains belonged to individuals we would consider part of our own species. 
Chemists have changed their minds over time in how best to characterise acids and 
oxidising agents. Physicists have changed their minds about the nature of time and 
space and for many purposes use Newtonian models they now believe to be flawed 
(but still very useful) representations of reality.

Scientists refer to laws as if they are universally applicable descriptions of aspects 
of nature – but usually on the basis of data collection that is limited. (The evidence 
that ‘universal gravitation’ applies across the universe is necessarily indirect given 
how little of the universe we have been able to visit.) Students often think that theories 
are scientists’ guesses or hunches that they are waiting to prove by experiments. Yet 
actually theories are the very basis of scientific knowledge. They are far more than 
guesses, as they must be based on extensive evidence, but they are always open 
to being surpassed when new data or a new interpretation of existing data comes 
along. All scientific knowledge is technically provisional – that is, in principle open 
to re-examination in the light of new information. This leads to one of the major 
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challenges in teaching about the nature of science – how science offers knowledge 
that is generally robust and reliable, yet always somewhat tentative in nature.

THE NATURE OF SCIENTIFIC METHOD

A simplistic account of science has scientists testing their ideas by doing experiments 
that will prove or falsify their ideas. An experiment ideally explores a phenomenon 
under laboratory conditions, where variables of interest can be manipulated and 
measured and the potential effects of confounding variables controlled by keeping 
values constant. This is a problematic simplification in at least two regards. For 
one thing, not all scientists do experiments as such. In some branches of science 
it may be impractical or unethical to undertake experiments. It is not possible to 
manipulate the conditions at the centre of stars, or compare how life develops on a 
planet under different starting conditions. It is not generally considered acceptable to 
subject people to potentially dangerous conditions to see how their physiology reacts 
(although such research has been undertaken in the past).

So often scientists working in some scientific disciplines use observational 
approaches, looking for ‘natural experiments’ where features of interest naturally 
vary and allow conditions to be compared. Scientists also use simulations and models 
to test their ideas, being aware that the results are only as good as the (inherently 
uncertain and limited) simulation or model. One well known philosopher of science, 
Paul Feyerabend (1975/1988) argued that there is no such thing as the scientific 
method, but rather than scientists have to develop their own customised methods that 
will work in their own areas of research.

Even where genuine experiments are possible, the simple logic of ‘proving’ or 
refuting a hypothesis is over-simplistic. An experimental prediction may be correct 
for a reason other than the verisimilitude (closeness to the truth) of the hypothesis 
that led to its prediction. It is always possible to produce alternative theories to 
explain any set of data (even if sometimes the alternatives seem cumbersome and 
forced). Any experimental data set intended to test some general hypothesis is 
necessary sampling a very small proportion of the population of possibly relevant 
events. (Consider how you would test for certain that adding salt to water always 
lowered its melting temperature; or that the human heart always has four chambers; 
or that the electron always has a charge of magnitude 1.6×10−19C.)

The difficulty of proving general statements from a limited sample of instances 
(known as ‘the problem of induction’) led the famous philosopher of science Karl 
Popper to recommend that scientists focus more on refutations which at least seemed 
to rule out hypotheses where experiments did not agree with theoretical predictions 
(Popper, 1989). However, this is just as problematic. Experiments can go wrong for 
all kinds of reasons – impure chemicals, laboratory (e.g. technician) error, instrument 
error, faulty power supplies, unexpected and unnoticed temperature fluctuations, and 



K. S. TABER

30

so forth. Moreover, most modern science uses complex apparatus of measurement 
and analysis that relies on its own theory of instrumentation. A hypothesis that is 
correct may seem to need to be rejected if the theory behind the instrumentation is 
flawed – so scientists need to be wary of too easily rejecting ideas as well as being 
careful about when considering them to be supported. Science is a more complex 
business that many school practical activities would suggest!

THE LIMITS OF SCIENCE

One key question in the philosophy of science is the demarcation of science: how 
we can distinguish what is and is not science. It is fairly straightforward to list some 
good candidates: physics, chemistry, biology, astronomy, geology, etc. It may be less 
obvious if we should include psychology (certainly some parts, but all?). For example 
there has been discussion over whether Freud’s theory and practice of psychoanalysis 
should count as scientific. Claims that aspects of the social sciences are genuinely 
scientific also lead to debate. Marx suggested he had a scientific take on history (but 
many commentators would not consider his research programme as scientific), and 
there have schools of sociology set up to adopt a model based upon natural science. 
Given that natural sciences do not seem to have a common characteristic method 
(see above), it does not seem reasonable to exclude other scholarly areas on grounds 
of methodology. By its nature, history does not involve the setting up of controlled 
experiments – but it does present theories which can be tested against new data and 
cases. That is not so different from some work in astronomy.

One philosopher of science, Imre Lakatos (1970), has suggested that the 
criterion for scientific work is the existence of what are referred to as ‘progressive’ 
research programmes – where there is a programme of activity informed by a 
set of pre-established tenets (core commitments) and where the interplay between 
the development of theory and collection of new data continues to be productive. 
Although applying this criterion requires judgement and is not straightforward, 
this does offer an inclusive approach that allows areas of work which admit 
diverse methodologies, such as science education (Taber, 2014), to be considered 
scientific.

One contentious question is whether aspects of indigenous cultures should be 
included as scientific. Such cultures often have long-standing traditions of using 
traditional ecological knowledge to harvest nature in sustainable ways: yet unlike 
in Western science, such knowledge is not separated out from other aspects of 
culture. So often this knowledge is learnt through legitimate peripheral participation 
in cultural activities (such as farming), as knowledge in action, and is commonly 
integrated with strong spiritual values reflecting the assumption that people, the rest 
of the biota, and the land (and seas and rivers) are spiritually connected as part of 
an interdependent creation. The atheoretical nature of this traditional technological 
knowledge, often learnt through practice and through the use of narrative and ritual, 
makes it quite distinct from how scientific knowledge is understood in formal 
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scientific traditions (this issue is explored further in Chapter 34: ‘Science Education 
and Indigenous Learners’).

Another, related, issue is the limits of science itself. Some scientists seem to 
feel that science can (and perhaps will) ultimately explain everything, whilst other 
scientists see science as an important way of knowing, but one that has a limited 
range of application (so that there are some aspects of human experience that will 
always be beyond scientific explanation). There is a sense in which anything in the 
natural world could be reduced to a description in terms of particles, forces, energy 
etc. So – in principle at least – it may be possible one day to explain why a person 
falls in love with one suitor and not another in terms of physics: however, even if 
such an account was feasible, it would not be presented in terms that would seem to 
relate to the human experience of love.

This links to an important issue in the philosophy of science – how sciences 
‘reduce’ to each other. Even in chemistry, a discipline closely linked to physics, there 
are concepts which could (in principle) be redescribed in purely (but in some cases 
necessarily convoluted) physical terms but which reflect emergent phenomena at the 
‘level’ of chemistry and which are useful as chemical concepts in their own right 
(acidity, oxidation, resonance, hydrogen bonding, electrophile, halogen, indicator, 
nucleophilic substitution, covalent bond, etc., etc). A reductionist perspective has 
historically proved very valuable in science. Yet increasingly scientists are recognising 
that complex systems often need to be studied at different levels, and that important 
new phenomena can arise when systems become complex. A particularly important 
example might be life itself emerging from the evolution of increasingly complex 
physico-chemical systems and providing the phenomena studied in biology.

Science teachers should be careful not to imply in their teaching that science (the 
best means we have of developing knowledge of the natural world) is able to tell us 
everything about everything. There may well be areas that will always be outside the 
effective remit of science, and features of human cognition may limit how well we 
can understand even the natural world.

THE CULTURAL EMBEDDEDNESS OF SCIENCE

An important debate about the nature of science is the extent to which scientific 
discoveries are dependent on the cultures that produce them. Ideally science is 
independent of culture, as it is intended to be an objective quest for discovering 
true knowledge of the natural world. However, we have seen above that scientific 
knowledge is theoretical, and so based on constructs humans have developed to 
best describe and explain observations and measurements of nature. As there is 
no foolproof method of developing scientific knowledge that is absolutely certain 
(again, see above) all scientific knowledge is limited by human understanding and 
the available data.

Scientists are people who use their imaginations to develop ideas that might 
represent aspects of nature – ideas that they then test as best they can. Inevitably 
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scientists’ thinking is influenced by the widespread ideas in the society where they 
they live. So, for example, scientists often develop metaphors and analogies as a 
basis for scientific conjectures – but they are limited to drawing upon sources they are 
already familiar with. Thomas Kuhn, a physicist who moved into historical studies 
of science, argued that once a particular way of thinking about the world became 
familiar, and its affordances had been worked out in detail by scientists, it became 
much harder to see how some alternative scheme might be at least as useful – even if 
it dealt better with known flaws in existing theories (Kuhn, 1970). Kuhn suggested 
that different theoretical frameworks, with their different ways of seeing the world, 
were incommensurable (could not be measured against each other). He meant it was 
difficult to evaluate different frameworks objectively, as the evaluator would always 
be working from within their own existing worldview. Kuhn thought that science 
could make progress towards knowledge that better represented the true nature of 
things: but that this process was difficult because scientists can never completely 
step outside of the assumptions inherent in their habitual ways of making sense of 
the world.

LOGIC AND CREATIVITY IN SCIENCE

Science is often associated with logical thinking, and this is indeed an important 
feature of science (see Chapter 8: ‘Scientific Reasoning During Inquiry’). Logic is 
needed to work out predictions consistent with particular hypotheses or models, 
and logic is needed to interpret data in terms of different principles, laws and 
theories, and to construct arguments to persuade other scientists of the validity of 
conclusions.

Yet science relies on creative thought as well as logic. Logic is needed when 
testing out ideas, but first scientists have to come up with the ideas to test. It is 
naive to think that scientists can move directly from data to scientific knowledge, 
as data always have to be interpreted in terms of some conceptual scheme. That 
scheme is an imaginative construction of the human mind. Science proceeds though 
the complementary roles of creative (expansive, imaginative, divergent) and logical 
(rational, closed, linear) thought (Taber, 2011).

Often the scientists who become most well known do so not because they were 
more logical than other scientists, but because they were able to use their imaginations 
to develop possible new ways of thinking which could then be compared to data. 
For some scientists, such as Einstein, this imaginative process is primarily visual – 
they are able to imagine pictures that represent novel relationships and concepts. 
Visualisation is also important in running thought experiments (mental simulations) 
that may be useful in ruling out some options without needing to run real experiments, 
and which may help predict the outcomes to be expected in experiments according 
to particular hypotheses.

Much human knowledge is tacit in nature, and this includes much of the 
knowledge of professional scientists (Polanyi, 1962). Scientists develop intuition 



REFLECTING THE NATURE OF SCIENCE IN SCIENCE EDUCATION

33

based upon their implicit knowledge (see Chapter 10: ‘Tacit Knowledge in Science 
Education’). Imaginative processes, such as visualisation, can be very important 
in providing explicit awareness of a scientist’s tacit knowledge (see Chapter 11: 
‘Developing Visual/Spatial Thinking in Science Education’).

THE HUMAN ASPECT OF SCIENCE

Science is in principle an objective activity. There is a stereotype of the scientist who 
has put aside personal feelings to focus on scientific work – sometimes to the neglect 
of such personal needs as sleep and food. Many scientists see their work as in the 
interest of wider humanity and/or for the joy of better understanding nature – and at 
times they will become engrossed to the exclusion of distractions.

Realistically, though, scientists are human with all the usual flaws. They may cling 
to their pet theories in the face of contrary evidence. They often seek professional 
advancement if not financial rewards. Some covet awards and titles and prestigious 
honours. Sometimes some scientists may show prejudice – towards their close 
colleagues, or to their co-nationals, or against those of different faith or ethnicity.

There is a major literature on issues around gender and science – both questions 
of whether Western formal science is inherently masculine in nature (for example in 
focusing on controlling nature, rather than relating to it), to the exclusion of women 
and the detriment of science, and whether female scientists today still regularly face 
sexism from individual scientists and institutions.

There are many historical cases that can illustrate these themes. An especially 
potent one concerns the discovery of the double helix structure of DNA. As well 
as relating to a iconic scientific discovery this work has been much documented. It 
illustrates the extent of co-operation within science (with and between institutions: 
Crick, Watson, Wilkins) as well as competition (again within and between institutions: 
Wilkins with Franklin; Crick and Watson, with Pauling). It reveal how prejudices, 
friendships, and chance, can play a role in science. It also reveals how science can 
proceed through examining mistakes (such as Linus Pauling’s three strand structure 
for DNA) and through the interaction between creative exploration and tedious 
laboratory work (relating results from Franklin’s meticulous preparation and analysis 
of X-ray photographs to Crick’s theoretical work on helical diffraction and Watson’s 
exploratory model building).

THE INSTITUTIONAL ASPECT OF SCIENCE

The same case study can illustrate some of the institutional features of modern 
science, where the work of individual scientists relies upon institutional support in 
a laboratory, and may be subject to local norms and practice – as when Rosalind 
Franklin (co-discoverer of the structure of DNA, see above) discovered she was not 
allowed to take refreshments in the same common room as her male colleagues, 
and was therefore excluded from the informal professional conversations that 
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inevitably take place in such settings. That particular indignity is less likely today. 
However, modern scientific research laboratories are places of hierarchy, protocols 
and procedures, and financial restraints (Knorr Cetina, 1999; Latour & Woolgar, 
1986).

From an anthropological perspective, science is a sub-culture with its own 
rituals and priesthood. The scientific societies, the journals, the research funding 
councils and the formal conferences, are essential institutions in supporting scientific 
debate and in ultimately recognising what counts as successful science. Science is a 
relatively democratic enterprise in the weight given to the peer review process (such 
that anyone can publish in the top journals if their work is judged as original and 
rigorous), but inevitably as a human activity can only take place within a supporting 
structure of formal institutions. The stereotype of the lone scientist making great 
breakthroughs in their shed or basement is – with the very occasional exception like 
James Lovelock (who invented the electron capture detector, surveyed the levels of 
chlorofluorocarbons (CFCs) in the atmosphere, and proposed the Gaia theory of the 
biosphere) – now a historical anachronism.

THE RHETORICAL NATURE OF SCIENCE

It follows then that success in science does not in practice mean discovering the 
truths of nature (as we can never be sure how well our theories give an account 
of nature, and how long they might go unchallenged) but rather persuading the 
scientific community, or that part of it working in the same field at least, that 
particular scientific results and ideas are important and progress the field forward. 
This then depends upon argument: making a case that data can be best interpreted 
in a certain way, and persuading those who may currently think quite differently 
about certain natural phenomena (see Chapter 5: ‘Epistemic practices and scientific 
practices in science education’). In recent years it has been increasingly recognised 
that authentic science education needs to have a strong focus on engaging students in 
argumentation (see Chapter 12: ‘Language, Discourse, Argumentation, and Science 
Education’).

Given human nature, once scientists are convinced of some idea or some particular 
interpretation of data, they will tend to want to persuade others to their way of 
thinking. The scientific paper is in effect a rhetorical structure for best presenting 
a particular interpretation of certain data such that it seems to offer evidence for a 
particular model, theory, principle, or other such construct (Medawar, 1963/1990). 
In presenting this argument, the author(s) will select and sequence material to make 
a case, and will necessarily exclude much information (possibly including some 
collected data) that is considered less relevant to the knowledge claims being made. 
Even when scientists are scrupulously honest in their attempts to be objective, other 
scientists approaching the same evidence base from different perspectives might 
have made different judgements about what was relevant and should be included, 
and how the presented data should best be interpreted as scientific evidence. Peer 
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reviewers generally do not have access to omitted details that authors feel should be 
excluded from their papers.

The scientific literature should therefore not be seen as a series of factual and 
objective accounts of nature, but rather as a cumulative collection of knowledge 
claims, each based on some limited data, interpreted through particular frameworks 
of understanding, and evaluated as of merit by referees chosen as suitable experts 
by journal editors. Scientific knowledge is therefore not only uncertain, but in areas 
of current research still in flux. Only in retrospect, once research activity in some 
programme is long exhausted, can observers start to see that area of knowledge as 
relatively unproblematic.

Teaching science involves helping learners to appreciate the value of the 
unfamiliar constructs used in science. Just as scientists orchestrate evidence and 
present carefully structured arguments to persuade their colleagues of claims made 
in scientific papers, so similar rhetorical moves are made by science teachers in 
reconstructing scientific concepts with their students (Lemke, 1990; Ogborn, Kress, 
Martins, & McGillicuddy, 1996). Science teachers can reflect the nature of science 
in their teaching by giving learners insight into those rhetorical processes.

CONCLUSION

In many countries, school science tends to focus on areas of well-established 
science, where scientific knowledge appears firm and not currently under debate. 
Such knowledge is still provisional rather than absolute (as new evidence could be 
uncovered and presented at any time) but can too easily be presented as factual 
(rather than theoretical) and obviously following from data (that is the data presented 
as evidence in the papers now seen, after the event, as most significant) rather than 
being an interpretation based on human imagination.

Many areas of science that have reached such impasses can contribute to a useful 
science education, but if they are taught as unproblematic they are stripped of the 
nature of the very scientific activity which produced them. This can be avoided 
by careful presentation and phrasing, and the inclusion of some of the debate and 
uncertainty that led up to their wide acceptance as robust scientific knowledge. 
Science teaching that meets our key aims needs to give students an authentic feel 
of scientific processes, whether through historically contextualising established 
science; through authentic enquiry activity in the classroom; or the inclusion in 
the curriculum of examples of current scientific controversies where there is not 
yet any wide consensus, and so where competing knowledge claims, based on 
incommensurate interpretations of data, invite genuinely open-ended consideration. 
Ideally school science education will include all three of these elements to allow 
learners to learn about science itself, alongside learning some science. Science 
teachers need to regularly consider how they will represent the nature of science in 
their own science teaching – a theme developed in the next chapter (on ‘History and 
Nature of Science in Science Education’).
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FURTHER READING

Brown, S., Fauvel, J., & Finnegan, R. (Eds.). (1981). Conceptions of inquiry. London: Routledge.
Chalmers, A. F. (1982). What is this thing called science? (2nd ed.). Milton Keynes: Open University 

Press.

Useful Classroom Resources

Allchin, D. (2013). Teaching the nature of science: Perspectives and resources. Saint Paul, MN: SHiPS 
Educational Press. (This book presents a strong argument for teaching case studies about the nature of 
science, and includes examples that can be used in the classroom.)

Osborne, J., Erduran, S., & Simon, S. (2004). Ideas, evidence & argument in science: In service training 
pack. London: Kings College London.

Taber, K. S. (2007). Enriching school science for the gifted learner. London: Gatsby Science Enhancement 
Programme. (This book and resource pack includes activities around several nature of science themes.)

REFERENCES

Clough, M. P., & Olson, J. K. (2008). Teaching and assessing the nature of science: An introduction. 
Science & Education, 17(2–3), 143–145.

Duschl, R. A. (2000). Making the nature of science explicit. In R. Millar, J. Leach, & J. Osborne (Eds.), 
Improving science education: The contribution of research (pp. 187–206). Buckingham: Open 
University Press.

Feyerabend, P. (1975/1988). Against method (Rev. ed.). London: Verso.
Knorr Cetina, K. (1999). Epistemic cultures: How the sciences make knowledge. Cambridge, MA: 

Harvard University Press.
Kuhn, T. S. (1970). The structure of scientific revolutions (2nd ed.). Chicago, IL: University of Chicago.
Lakatos, I. (1970). Falsification and the methodology of scientific research programmes. In I. Lakatos & 

A. Musgrove (Eds.), Criticism and the growth of knowledge (pp. 91–196). Cambridge: Cambridge 
University Press.

Latour, B., & Woolgar, S. (1986). Laboratory life: The construction of scientific facts (2nd ed.). Princeton, 
NJ: Princeton University Press.

Lemke, J. L. (1990). Talking science: Language, learning, and values. Norwood, NJ: Ablex Publishing 
Corporation.

Matthews, M. R. (1994). Science teaching: The role of history and philosophy of science. London: 
Routledge.

Medawar, P. B. (1963/1990). Is the scientific paper a fraud? In P. B. Medawar (Ed.), The threat and the 
glory (pp. 228–233). New York, NY: Harper Collins. (Reprinted from: The Listener, Volume 70: 12th 
September, 1963)

Ogborn, J., Kress, G., Martins, I., & McGillicuddy, K. (1996). Explaining science in the classroom. 
Buckingham: Open University Press.

Polanyi, M. (1962). Personal knowledge: Towards a post-critical philosophy (Corrected version ed.). 
Chicago, IL: University of Chicago Press.

Popper, K. R. (1989). Conjectures and refutations: The growth of scientific knowledge (5th ed.). London: 
Routledge.

Schwab, J. J. (1962). The teaching of science as enquiry (The Inglis Lecture, 1961). In J. J. Schwab &  
P. F. Brandwein (Eds.), The teaching of science. Cambridge, MA: Harvard University Press.

Taber, K. S. (2000). Finding the optimum level of simplification: The case of teaching about heat and 
temperature. Physics Education, 35(5), 320–325.

Taber, K. S. (2008). Towards a curricular model of the nature of science. Science & Education, 17(2–3), 
179–218. doi:10.1007/s11191-006-9056-4



REFLECTING THE NATURE OF SCIENCE IN SCIENCE EDUCATION

37

Taber, K. S. (2011). The natures of scientific thinking: Creativity as the handmaiden to logic in the 
development of public and personal knowledge. In M. S. Khine (Ed.), Advances in the nature of 
science research: Concepts and methodologies (pp. 51–74). Dordrecht: Springer.

Taber, K. S. (2014). Methodological issues in science education research: A perspective from the 
philosophy of science. In M. R. Matthews (Ed.), International handbook of research in history, 
philosophy and science teaching (Vol. 3, pp. 1839–1893). Dordrecht: Springer Netherlands.


