Ideas from the Nature and Philosophy of Science to help enrich the Primary Science Curriculum. 

*DRAFT*  - This article is for review purposes only.  

Abstract: This conversational article invites teachers to consider another factor which makes up good science teaching: the nature of science and scientific knowledge. The development of scientific knowledge, even in the classroom, is a collaborative, evidence based activity, driven by curiosity, that cuts across multiple curriculum area’s and to create tentative but powerful rules for understanding, predicting and explaining nature.  Teachers can use these ideas to enrich their early childhood science curriculum.
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Introduction

I love teaching science.  For me, Science is all about creating knowledge, its about making ideas to help explain and predict things in nature, and then finding ways to test those ideas.  Science teaching therefore is the quest to help students use scientific ideas, methods, principles and world views to inform their own creation of knowledge.  Science can be a useful and enjoyable aspect of the curriculum that can help students’ experience and explore the amazing world around them.

Sadly, Science is still notorious for it’s weak representation in many early childhood centers and primary schools in Australia (Goodrum, Rennie and Hackling, 2001, QSCC, 2002) and also internationally (Bowman, 1998, Golbeck 1999).  Far too many primary teachers don’t like it, don’t understand it, and don’t want to teach it.  

However, this assessment can be changed.  Chittenden and Jones (1998) recommended that as teachers learn to overcome their fears of Science and science teaching the situation will improve.   Perhaps the biggest obstacle for some teachers teaching science is their own sense of self efficacy (Watters and Ginns, 1995).  For example, If teachers do not feel that they themselves can understand and use science then they are understandably reluctant to teach it.  But there may be more to it than that.  Many teachers also doubt their own, and their students, ability to use the principles and ideas of science to create, test, and debate scientific claims.  They do not feel confident to act, think and behave as they feel more ‘scientifically literate’ individuals do.  Science doesn’t make sense to them (and it’s too often seen as a ‘guy’ thing).

This may be because of the inaccurate understanding of science, scientists and scientific knowledge common to the modern culture, helped along by the media and traditional understandings of science in the community.  I feel I don’t need to belabor this image; that of scientists being aging white men in even whiter coats, and even more subtly as a culture accessible only by the intellectually gifted.  While these images are being challenged in schools, some outdated traditional perspectives yet remain in the public’s perception of science and the nature of science scientific knowledge (sometimes abbreviated NOS).  For instance, many people still see science as tied to one ‘scientific method’ that is used by all scientists to create scientific knowledge, an idea many commentators on science such as Lederman (2004) strongly oppose.

All this has lead to some degree of confusion regarding what science is, and even more regarding how it should be taught.  It is the intention of this article that a better appreciation of contemporary understandings of nature of science can help teachers portray the scientific quest for knowledge more accurately.  In this article I will draw on aspects of the Nature of Science to share five important principles I hope readers will consider in their journey to teach science and, hopefully, help overcome some of the anxieties sometimes associated with science teaching in these settings.  

I also hope that as you read this article you will be pleasantly surprised at how many things you already do that qualify as “Science”. These are not all the possible principles of the nature of science, and there is certainly no requirement to have them organised in this particular order.   However, by knowing the nature of science better I hope it may help us include it in schools with more confidence, critical acceptance, and fun.


Collaboration 

Science is a collaborative project.  The knowledge and processes we call science today have grown over hundreds of years (maybe thousands) with dozens of contributors (possibly millions).  Scientists themselves often work in collaboration with other experts to research various problems, and to debate and discuss their plans and projects.  Not only do scientists often work in groups, but the community in general (including you and me) often need to work together to make our up minds on many kinds of scientific issues.

School science also is benefited by group work.  Working and learning in groups is a great way for children to talk, share and discuss their ideas, learning from each other as well as the teacher. By having students work in small groups, quiet students have more of an opportunity to contribute and share their ideas, and the whole class can contribute to the community of learners, just like real scientists do. 

Many authors and educators gladly proclaim the benefits of having children learn and practice school science in groups (Fleer and Hardy, 2001). Some good ideas for co-operative learning come from the work of Kagan (1994) with ideas such as simultaneous interaction, positive interdependence, Individual accountability and equal participation.  Candler (1995) applies these ideas particularly effectively to the science curriculum, with ideas such as think / pair / share and round robin, and is well worth the time to the interested reader.  

In community science the ‘peer review’ process is often used to check the effectiveness of new scientific knowledge.  Educated colleagues and the public in general are free to analyse, consider, and experiment further on any claims published by scientists.  This way, errors or bad ideas are hopefully caught sooner rather than later and new ideas and perspectives can improve on the ideas of others. The students in a classroom can take place in a similar ‘peer review’ process as they discuss and share ideas with each other during small group time.

Group consensus also plays a vital role in science historically and every day.  Consensus occurs when the majority of those scientists involved in an issue can agree on certain things are viable or true.  When new knowledge comes to light, the community of scientists will often debate it until the majority of them are convinced it is the best idea possible.  Consensus is the process by which new ideas are tested and integrated into the current body of scientific knowledge, and it is not easily obtained.  Consensus frequently plays a part of school science as students discuss and compare their results and conclusions.

Another important aspect of collaboration is when students communicate their ideas to others in the class, for example, through oral presentations or building posters or models.  Communicating their learning in this way can help students consolidate their own understanding and challenge misconceptions they may have.  It also can make useful assessments (and decorations for the classroom as well).  Finally, it helps students learn from the feedback of others, and can help them have realistic expectations of scientific knowledge as being open to public debate.  I strongly believe that everyone can help create, engage in the debate about, and effectively use scientific knowledge and ways of thinking in their daily lives.

Evidence based

However, group processes alone do not decide the value scientific knowledge; the most popular scientist does not always get the most votes for their idea.  Scientists and science students who are making knowledge claims need to be able to give evidence for their claims from their observations and experiences in the world.  Scientific claims need to be based on evidence, and it is one of the ways many scientists use to define what makes scientific knowledge ‘scientific’ (Popper, 1978).  The scientific community has established thousands of protocols to strengthen the empirical support of a claim. This does not mean that all scientific ideas are true, which we will cover later, but to be considered scientific all claims must be supported by the best evidence possible.
Students engage in the evidence based nature of science when they explicitly give reasons to their explanations. One simple way to do this is by asking students ‘why do you think that?’ or ‘what happened to make you say that?’  Helping students see that their ideas need to be based on some form of evidence is a valuable skill for life long learning in science.  

However, being evidence based does not guarantee accurate or truthful knowledge;  even the most ‘unbiased’ of scientists will still wrestle with the issues of the influences of culture, personal bias and even mood on their work.  They do, however, strive to be as objective as possible.  Some of the things scientists might do to accomplish this include repeating their experiments several times, comparing their results to control groups, or using sensitive and highly accurate measuring instruments.  

These ideas are all helpful in school science, as children are encouraged to give evidence based reasons for their answers in ways that others can hopefully experience.  Also, a single result is rarely enough to make a knowledge claim; you should repeat your experiments and your measurements as much as practical to make solid claims in science.

It is also important to note that even with a focus on evidence based claims students will sometimes arrive at a conclusion that you see as incorrect (and so would a standardised test).  May I recommend that instead of saying ‘no, that’s wrong’, another reply that might help them continue to have faith in their ability to use and create scientific knowledge could be ‘Perhaps, what makes you say that?’ or ‘Perhaps, how did you come to that conclusion?’  By suggesting conflicting evidence to their ideas, or suggesting tests they can further try, you can support their confidence as individual learners and successful creators and owners of scientific knowledge.

That being the case, sometimes students (and entire classrooms) will still come to conclusions that wouldn’t ‘pass the test’, so to speak.  In situations such as these, when the accepted notion is not surfacing by itself from the analysis of evidence by the students, Volkman suggests proposing the accepted idea as a model or theory students can explore (not as the ‘right answer’ they’re supposed to be getting).  He phrased it by saying ‘one theory that scientists often use to explain this situation is…’ (Abell, Smith & Volkmann, 2004).   Educators such as Sandoval (2005) strongly recommend that student learning is enhanced, and engagement in the content material strengthened, when students learn to treat school science as ideas to be tested, and not concepts to be proved (or even simply as affects to be generated during ‘experiments’…)  

Sometimes the teacher may not know the ‘right’ answer either.  May I suggest that it is better to not know, and to admit it, than to promote a wrong idea? You can always say “I don’t know, how can we find out?” or “Hmmm, lets find out about that together”.  You can use not knowing as an opportunity to model good learning; show it is safe for those with authority to not know and that they have things to learn too, even scientists and teachers.

Encouraging students to have an evidence based approach to their claims in science can be very motivating, and helps them become better learners in life and in science.

Tentative 

Most people consider all the facts, opinions and ideas of science to be set in stone, but others would argue that scientific knowledge is constantly growing and changing when better explanations or new evidence arrives. The Queensland syllabus states “Scientific knowledge is a set of explanations …These explanations are tentative and continue to be modified.” (CSA science syllabus, n.d., pg. 1).  

For example, in the 16th century the generally accepted scientific idea was that life could “spontaneously generate” from inanimate objects: dead meat turned into flies, frogs formed in clouds and were dropped down with the rain.  However, some individuals were not convinced of this idea, and wanted to change what people thought.  It took many years, and many clever experiments performed by scientists of skill and note to change people’s perceptions.  Now the idea is that all life comes from living things, not dead or inanimate things (taken from Aronson, ).

This is one brief example that helps to illustrate the principle that all scientific ideas are up for review at any time, should the scientific community form consensus that a better theory has come along, or new evidence has cast doubt on the effectiveness of an older theory.  This is a fundamental attribute of the nature of science (QSA, n.d.), and has been called the tentative nature of scientific knowledge (Also, ‘reversionary’ or ‘subject to change’, Lederman, 2004), though others prefer the term ‘open minded’ for more philosophical reasons (Harding and Hare, 2000). Regardless, it can still take a lot for ideas to change. Sometimes, social processes such as personal agendas or public prejudices hold up the acceptance of a better theory, and sometimes science just doesn’t have the tools or technology to test a great idea. 

Tentativeness can be a part of science teaching when students are taught that all scientific knowledge is up for review, but is conditionally accepted for very good reasons; reasons which are often very evidence based.  Because of this, even you and your students can one day contribute to what science knows (with lots of hard work and careful experiments!)  

This can also inform the primary teacher as they strive to never be too convinced one theory or explanation is the absolute right theory because they might ignore important evidence of a better theory, or worse, stop looking for answers altogether.  (And lets face it, sometimes our successful working theories are still not congruent with scientific understandings anyway, ie, the sun is a ‘ball of fire’ or ‘we breath in oxygen and breath out carbon di-oxide’).  Being prepared to confront this concept of ‘no perfect answer’ can be a daunting, but rewarding, experience (MacNaughton, 2003). It could be said, with just a little literary license, that we experience the world through our senses, but we make sense of it with our minds; and science reserves the right to change it’s mind.

Perhaps too often we expect to be able to give students the ‘right’ answers in science, but is it OK to say “I think this is how it works…” or “The current explanation scientists use to explain this is…”. This is teaching science!  By being conditional (or ‘tentative’) yourself and you’ll teach learners how to learn. Science is still learning, and so am I.  The teacher does not have to know every science concept to be curious, and being curious is a very important principle in science.

Curiosity

If the only thing you ever do to improve your primary science curriculum is to actively encourage student to be askers of questions, then you are teaching science.  Don’t ever discourage questions with ‘it just is’.  Perhaps you could try ‘I don’t know… yet’ or ‘there must be a reason, lets see if we can find out?’  You’re doing science whenever you’re trying to figure out how things work.  Why does the sun shine, and why do plants need it to grow?  Can I grow taller?  Why do some people have black hair?  Where do people come from? Etc etc etc.  

But science is more than encouraging students to ask questions (and in most children questions are never in short supply!)  Perhaps of even greater value to their life long learning is encouraging them to find their own answers.  You can say to them ‘how can you find the answer to that question?’  Often students need direction to know where to look for good information to answer their questions.  By encouraging them to find their own answers it helps them find faith in their ability to be learners, and not passive receivers of understanding.

Scientists use many ways to create and use knowledge, ways your students can use every day.  For example, look it up in the library or internet, ask an expert, or come up with an explanation yourself and then think of a way to test it.  The next time you have a science demonstration, stop just before completing it and ask students to predict what they think will happen (Mitchell and Mitchell, 1998).  Their level of interest may just astound you.

Questions are the basis of inquiry approach to teaching science (Wilson and Wing Jan, 2003).  Many teachers express reluctance to working with student questions; they have many pressures to fulfil curriculum requirements, and perhaps feel students lack the background knowledge to ask researchable questions.  One way around this is to take a survey of questions students have after being introduced to a new unit, and selecting the most workable to focus on.  Some teachers give students the opportunity to write their questions down as they have them, in their books or on a class poster.  This way, students act like scientists by creating questions, and the teacher has another valuable means of assessing student learning.

You can also have great success in teaching science by making lessons and even units of work based on questions the students have asked.  Much work has been done by authors such as Fleer (2001)  and Faire and Cosgrove (1988) on how this can be practically done in the school classroom.  Students are often more motivated to learn when they are researching their own questions, and it is a great way to increase engagement in students (Sandoval and Reiser, 2004) and boost their confidence to becoming creators and users or knowledge, and not just receivers.  Make science real by researching student questions.

Connected
Science is connected with every other aspect of the curriculum. Early maths of literacy development can be taught with science for example, while students are categorising different kinds of leaves or animals. Also, students can practice literacy skills of reading, writing, drawing tables and writing reports while preparing or presenting science reports.  They can express their science ideas with pictures, art and music (D’Agostino et al, 1999, Danvers, 1995).  Students can present their reports as a models, poster or even a song. 

Science is also connected in that it deals with real issues that matter to you, the children, and their families. A big protest of many science students is that the science they learn in schools isn’t related to real life (Goodrum, Rennie and Hackling, 2001), which is a great pity, since science can be really ‘real’. Science isn’t just something we do in demonstrations, it is life long attitudes for learning.

For example, students can plant a garden while learning about how plants grow and what they need to live.  Students can walk outside and learn about the weather, such as ways of getting warm on cold days.  Students can develop ideas about chemistry while cooking or making play dough, or about measurement in seeing who is taller.  And of course, students can explore their environment and be proactive agents for positive environmental change.  There are many issues that require an inquiry, and scientific ways of thinking might be just what you need to help.  Why watch a documentary on bugs when a upside down container with fruit left overnight will provide students with some real life examples of bugs and irreplaceable memories of science? Whenever you or your students are exploring your ideas about how the world works, talking and sharing those ideas, testing and experimenting on those ideas, you are doing science.

I’m going to repeat that point.  One very important way to teach science in the school curriculum is by helping students create, express, and test their own explanations of how the world works.  They can do this during any part of the day, as they explore mixing colour paints, as they make sounds together, as they play freely with their peers.  They can make explicit the rules they find work for them, and when it is appropriate, test them.  What more is Science than a quest to make reliable, useful rules for how the world works?

This whole ‘make and test’ model of developing scientific knowledge may be a little over simplified, but it is promoted here as a workable teaching technique for helping science learners in their life long relationship with knowledge.  Science is connected to students because it helps inform their everyday life, and has an important part to play in their society and it’s decisions.

Conclusion

 
Science teaching is fun, and it’s a part of every day primary school curriculum whether you are aware of it or not.  Whenever you try and work out how things work you’re participating in science.  School science is a collaborative, evidence based activity, driven by curiosity, that is connected with students everyday life and encourages tentative yet growing understandings of the world. Cultivating your natural curiosity is a great way to ‘keep in shape’ scientifically speaking, and as you are prepared to learn and not know, and to ask questions yourself, you’re teaching science. 

Everyone can teach science.

Mr Joe

Appendix A: Some resources

http://www.qsa.qld.edu.au/yrs1to10/kla/science/guidelines.html
Look for the link ‘foundation elaboration’s’ and appendix A.  These documents are filled with hundreds of ideas of how you can teach science in early childhood settings, and how it all fits in the five strands of the science curriculum.  It is a must have for early childhood centres.

SEAR website

http://www.curriculum.edu.au/sear

A thorough Australian website focusing on assessment materials in science for the compulsory years of schooling

http://www.curriculum.edu.au/science/index.htm
A useful site with many links to lesson plans in science.

www.qsa.qld.edu.au/yrs1to10/kla/science/index.html
Queensland studies authority science syllabus website, including modules: A definite place to visit for teachers looking to science excellence.

http://www.science.org.au/pi/index.htm
The Australian academy of science’s “Primary Investigations” website, very useful

“The Hoobs” or “Elmo’s world” – learning about learning

Great for kindy and preschool audiences.  What do the Hoobs and Elmo do to create questions, and find answers to those questions?

And much much more…
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