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WHY? 



The importance of science education for all 

 Enables individuals to develop  
 understanding of key ideas that help to explain the world 

around 
 powers of reasoning 
 attitudes  

that enable them to lead rewarding lives and make informed 
decisions about life styles, use of energy, care of the environment 

 We live in  a rapidly  changing world, so education has to 

change 

 Education in science has a unique role in creating 

understanding of the issues arising from change   

 Learning science can develop ways of thinking and 

reasoning needed by future citizens. 

  



Why start at the primary school? 

 Children develop ideas about the world around  from 

their earliest years. 

 These ideas are often non-scientific and can obstruct 

later learning – the longer they are held, the more 

difficult to change 

 Attitudes to science develop from an early age 

 Gender differences in attitudes and achievement 

appear later. 

  

 



Science education begins for 

children when they realize that 

they can find things out for 

themselves by their own 

actions: by sifting through a 

handful of sand, by blowing 

bubbles, by putting salt in 

water, by comparing different 

materials, by regular 

observation of the moon and 

stars.  



WHAT? 



Multiple goals 

For students to develop: 

 ideas that help them understand the world around 

 skills of investigation or inquiry involved in gathering 

and using information to develop understanding 

 attitudes (dispositions) related to taking part in 

science activities and acting responsibly 

 understanding of the nature of science, how it works, 

its strengths and limitations 

 the ability to continue learning. 

 



Which ideas? 

 The science curriculum is often over-crowded and 

over-specified  

 Assessment is dominated by tests  

 Tests concern factual knowledge 
 encouraging teaching of disconnected facts 
 discouraging inquiry-based/evidence-based teaching 

 Students’ perspective: 
 Science seen as fragmented; no coherent picture emerging; 

‘not relevant!’ 

 Need to know how classroom activities help to explain 
things students find important. 



Part of the solution (not a magic bullet) 

 To conceive  the goals of science education NOT 

as a collection of facts and theories, but rather as  

progression towards key ideas  

 ideas that are of relevance to students’ lives during and 

beyond school 

 ideas that progress from ‘small’ to ‘big’, helping  learners 

make sense of their expanding experiences 

 ideas that provide a map helping curriculum developers 

and teachers to select or create significant learning 

experiences from the enormous range available. 



‘Small’ and ‘big’ ideas 

• Small idea – earth worms are suited in their form and 

function to living in the soil 

• Big idea – organisms have evolved over very long 

periods of time to function in particular conditions 

– Big ideas can be developed through a variety of  content 

– Big ideas enable learners to understand events and 

phenomena as yet unknown to them 

– Big ideas ‘are ideas that can be used to explain and make 

predictions’  

– The more that is explained, the more powerful the idea. 



Evidence in support of working with big ideas 

 Facilitating inquiry-based science education 

 Enabling learners to identify connections  between 
 ideas in different scientific disciplines, as needed for 

multidisciplinary work 
 scientific ideas and their applications in technology and 

engineering (STEM) 

 Messages from neuroscience 
 Ideas that are connected are more readily used in new 

situations 
 Evidence of enjoyment in developing understanding. 

 



Selecting Big Ideas: questions 
 

 How big? 

 How extensive (ideas, skills, practices, attitudes)? 

 What selection criteria? 

 How to express progression? 

 



Selection criteria 

 Wide explanatory power 

 Related to understanding issues related to 

decisions in everyday life (eg energy)  

 Provide enjoyment, satisfaction 

 Cultural significance. 



10 ideas of science 

1. All matter in the Universe is made of very small particles. 

2. Objects can affect other objects at a distance. 

3. Changing the movement of an object requires a net force to be acting on it. 

4. The total amount of energy in the Universe is always the same but can be 

transferred from one energy store to another during an event.  

5. The composition of the Earth and its atmosphere and the processes 

occurring within them shape the Earth’s surface and its climate.  

6. Our solar system is a very small part of one of billions of galaxies in the 

Universe. 

7. Organisms are organised on a cellular basis and have a finite life span. 

8. Organisms require a supply of energy and materials for which they often 

depend on, or compete with, other organisms. 

9. Genetic information is passed down from one generation of organisms to 

another. 

10. The diversity of organisms, living and extinct, is the result of evolution. 

 



Four ideas about science 

11. Science is about finding the cause or causes of 

phenomena in the natural world. 

12. Scientific explanations, theories and models are those that 

best fit the evidence available at a particular time.  

13. The knowledge produced by science is used in engineering 

and technologies to create products to serve human ends  

14. Applications of science often have ethical, social, economic 

and political implications. 







HOW 



   Pedagogy: teaching for understanding 
 
 Understanding  requires the active engagement of 

learners 

 Starts from the ideas they already have 

 Involves testing their own and other’s ideas  through 

collecting evidence, analysing and interpreting, discussing, 

arguing from evidence, drawing defensible conclusions 

 Described as inquiry-based science education (IBSE)  

 Also known as evidence-based science education 

 Growing evidence of the effectiveness of inquiry/evidence -

based science education. 

 



Existing idea  Possible explanation 

 
Prediction  

Plan and conduct 
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Interpret data 

New experience/question 

Conclusion  

Alternative 
ideas 

Bigger 
idea 
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(Based on Harlen, 2006) 



A definition of IBSE – one of many 

 Inquiry-based science education means students 

progressively developing key scientific ideas through 

learning how to investigate and build their knowledge and 

understanding of the world around. They use skills 

employed by scientists such as raising questions, collecting 

data, reasoning and reviewing evidence in the light of what 

is already known, drawing conclusions and discussing 

results.  (IAP 2011) 

 



Myths about learning through inquiry  

 Just another name for practical work 

 Relates to developing ideas about science and not 

of science 

 It is all about ‘discovery’ 

 It is appropriate only at the primary school level 

(up to age 11 or 12). 



Inquiry-based pedagogy 

Teachers  

 provide opportunities to investigate materials, objects 

and phenomena at first hand or through secondary  

sources 

 arrange group working, collaboration and discussion 

 engage in dialogue with students and encourage use of 

scientific words  

 take action to help students use  and development of 

skills in collecting and interpreting relevant evidence 

 model  scientific attitudes of respect for evidence, 

openmindedness, etc 

 provide time for reflection on what has been learned. 



Inquiry-based learning in action 

Over a period of  time, learners 
 
 gather evidence by observing real events or using other sources 

 pursue questions which they have identified as their own (even 

if introduced by the teacher) and raising further questions  

 make predictions based on what they think or find out 

 suggest ways of testing ideas to see if there is evidence to 

support them 

 work collaboratively, communicating their own ideas and 

considering others’ ideas 

 assess ideas in relation to evidence 

 reflect self-critically about the processes and outcomes of their 

investigations. 
 



But… 

 Inquiry is time-consuming 

 Inquiry teaching requires different  pedagogic 

skills and knowledge than conventional teaching 

through transmission of theories and facts 

 Teaching a vast quantity of content is 

incompatible with developing understanding 

through inquiry. 

 



Consequently … 

 

 Understanding big ideas requires inquiry-based 

teaching and learning  

AND 

 Inquiry-based teaching and learning requires a 

focus on Big Ideas 

 



Thank you 
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