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PRAISE FOR SECONDARY SCIENCE IN ACTION








Schools, teachers and teacher trainers have waited a long time for this book. Grounded in the best available evidence on effective science teaching, with practical suggestions for how to apply this knowledge, Emily and Richard’s book will make huge a difference to all teachers, whether they are beginning to teach science or are later in their careers.


Dr Richard Churches, Global Head of Research, Education Development Trust and author of Neuroscience for Teachers and Teacher-Led Research


This book is a must-have for science leaders and teachers! It’s invaluable for considering anything from ‘big-picture’ curriculum and research, to best-practice implementation in your science lab. Wherever science educators are on their journey between expert and novice, there is something useful to be learned from this book.


Katy Micklewright, Head of Early Careers Framework, National Institute of Teaching


This book is an essential guide for every science teacher. Underpinned by a review of the evidence, the authors explain how to embed this research in your science teaching, with practical suggestions and case studies.


Chris Catto, Central Midlands Science Learning Partnership Lead


Practical, comprehensive and anchored in research and evidence, this is a highly valuable resource for all those involved in the delivery of science teaching. The authors use their wide-ranging experience to provide a text that can make a real difference to schools.


Jodh Dhesi, Chief Executive Officer of the King Edward VI Foundation
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SERIES FOREWORD






This series of books was commissioned as a WalkThrus Production to complement two of our other series: The Teaching Walkthrus, Volumes 1, 2 and 3, and the In Action series. We believe that, together, they represent a powerful resource for teachers in schools and colleges in multiple subject settings.


The In Action series has proven to be very popular with busy teachers, enabling them to engage with a range of important ideas from cognitive science and from education research more generally. In each book, the authors explore the key ideas from a specific researcher, translating them into practical approaches that teachers can adopt in their practice. So far, the series includes:


■ Rosenshine’s Principles of Instruction


■ Collins et al’s Cognitive Apprenticeship


■ Fiorella & Mayer’s Generative Learning


■ Shimamura’s MARGE Model of Learning


■ Sweller’s Cognitive Load Theory


■ Wiliam & Leahy’s Five Formative Assessment Strategies


■ Annie Murphy Paul’s The Extended Mind


■ Dunlosky’s Strengthening the Student Toolbox


■ Berger’s An Ethic of Excellence


■ Bjork & Bjork’s Desirable Difficulties


■ Ausubel’s Meaningful Learning


Each of these books is a guide to interpreting the research in ways that can be applied in real-world classrooms. We have been delighted by the response to the series, with teachers telling us they value the brevity and clarity and the examples of theory in practice. It’s so important for teachers to have a good grounding in cognitive science so that they have not only a clear model of how learning happens but also an understanding of all the potential barriers or difficulties that students experience. Bridging the gap between research and practice is a significant challenge because real-world classrooms are so much more complicated than the controlled conditions usually set up to investigate specific concepts in trials. The authors of the In Action books are all serving teachers or have taught in schools for many years, so their take on the theories and concepts that their books focus on is important and incredibly useful, grounded in the reality of teaching whole, complex classes.


It’s by no means a comprehensive list – not yet – and we recognise that many other aspects of research would benefit from the same treatment. Books on Nuthall’s Hidden Lives of Learners, Engelmann’s ideas on direct instruction and Bandura’s ideas on self-efficacy are all in the pipeline. We would also encourage every teacher to engage with Dan Willingham’s Why Don’t Students Like School?.


Released in parallel with the research-informed In Action series, our Teaching WalkThrus have also been popular with over 350,000 copies distributed across the three volumes. The idea of breaking ideas down into five-step visual guides, with short punchy descriptions, has proven very successful, allowing teachers to engage with a broad range of ideas in a very accessible format that informs their training, coaching or personal reflection. Significantly, Teaching WalkThrus were written in a style that is context free. They are generic in style so that teachers of all subjects in any setting can engage with them, transposing the ideas into their real-world contexts. The 150+ WalkThrus are organised into six main series, each of which represents an important area for professional learning:


Behaviour and relationships


■ Lesson management


■ Planning for good behaviour


■ Positive correction


■ Relationships and mindsets


Curriculum planning


■ Assessment issues


■ Broad design concepts


■ Challenge, inclusion, diversity


■ Detailed planning


Explaining and modelling


■ Giving explanations and modelling


■ Reading and writing


■ Standards, expectations and scaffolding


■ Types of explanations


Questioning and feedback


■ Assessment


■ Core questioning techniques


■ Deeper questioning techniques


■ Feedback


Practice and retrieval


■ Guided to independent practice


■ Reading


■ Building fluency


■ Retrieval practice


■ Support and challenge


Mode B teaching


■ Choices and creativity


■ Making it real


■ Oracy


■ Student directed activities


With over 4000 schools having engaged with our online WalkThrus toolkit, we know that a great deal of valuable professional learning can be supported with our generic guides as a starting point. However, throughout each book we are at pains to stress the crucial need to adapt the ideas for specific circumstances. A five-step visual WalkThrus guide is not a set of rigid rules – it is a framework for thinking through an idea, deconstructing it so that teachers can then reconstruct it themselves, forming their own mental models for enacting powerful techniques in their own classrooms. That’s the spirit.


Now, having explored research ideas in the In Action series and general pedagogical ideas in WalkThrus, we felt that the logical next step was to bring in subject-specific books in this new series, completing the third pillar of the trio: research, pedagogy, curriculum. Each book in the In Action subject series has been written by practising teachers who were tasked with presenting a summary of important ideas and debates from their subject to support busy teachers in their work. We have not imposed a rigid common format and our authors were encouraged to share their own perspectives with our readers. There is no definitive book on teaching science or history or maths or physical education – so these books are explicitly written with that in mind. The books represent the authors’ personal perspective on how the ideas that circulate within each subject community can translate into great practice in the classroom. Once again, we invite readers to then adapt and adopt the ideas that make sense in their context.


I have to congratulate each author on their excellent work. It’s daunting to summarise and capture the spirit of a subject, balancing depth of detail with sufficient breadth of coverage of content and related debates and implementation issues – all in what is meant to be a short book. If there is one thing that characterises all our books it is that they are accessible to teachers who are time poor. Each book in this series achieves that goal – they have an energy to them and a brilliant balance of rigour, steeped in experience with teaching the subject, alongside tons of examples to bring things to life.


We hope you find this book interesting and useful, adding an important dimension to your wider reading as a teacher doing the most important work there is: developing young people so that they have the knowledge, experience, confidence and wisdom they need to make sense of their world and play their part in the communities they belong to.
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CHAPTER 1



WHAT IS TEACHING SCIENCE ALL ABOUT?


 







Why do we teach science?


Science can inspire awe in the world around us and, as the Education Endowment Foundation (EEF, 2018) report on improving secondary science tells us, ‘Every secondary teacher knows the deep satisfaction that comes from lighting the fires of interest in young people’. Building this curiosity allows students to explore and understand the beauty and complexity of the Universe, from the microscopic to the cosmic. This curiosity can be leveraged by teachers and by the students themselves to create lifelong learners who are keen to explore and gain knowledge.


Science teaching is about inspiring young people with a fundamental understanding of the world around us. Science teaching should aim to teach students to recognise the power of science and, in so doing, ignite an enthusiasm for a subject that might take them in many different directions of study and work.


An understanding of science, its procedures, its explanations and its methods helps students to think critically about the world around them. Another aim of science teaching is to give students a degree of scientific literacy, enabling them to make informed choices in their personal lives and as part of a democratic society.


Studying science helps students develop critical-thinking skills, analytical reasoning and problem-solving abilities. An understanding of the scientific method allows students to analyse data and to draw logical conclusions. These skills give students options moving forward, in the world of further study, the world of work and in engaging with society. Science is a key subject for various fields of medicine, engineering and technology. By studying science, students are equipped for higher education and their future careers.


Science helps students comprehend and address major global challenges such as climate change, global pandemics and other health-related issues. Educating students about these topics prepares them to become responsible and informed citizens who can engage fully with the debates of the contemporary world.








What do we want students to get from studying science?


A student coming to a science classroom should expect to get more than a list of facts. A student walking away from a year studying science should expect to be given a whole range of intellectual gifts:


■ understanding of the disciplinary knowledge of science (how to work and think like a scientist)


■ understanding of global issues from a scientific perspective and the ability to develop their own opinions on these issues


■ aspiration to work in science, technology, engineering and maths subjects (STEM) and an understanding of the vast range of STEM-related careers open to a student, post-GCSE and beyond


■ aspiration to study science in higher education


■ understanding of the diversity of science as a field, both historically and currently


■ understanding of the value of science and the work of scientists.


If we can give our students these things, we have done well as teachers. We will fulfil the wider purpose of teachers in preparing students to be empowered in their own future paths, and to be active and informed members of society.







What are the big-picture questions about science?


Thinking like a scientist is a mindset that goes beyond the individual facts of each subject discipline. Science teachers are responsible, not just for teaching the subject content, but also for instilling a way of thinking about the world. Harlen (2015) summarised four big ideas in science that underpin all of science teaching:


1 Science is about finding the cause or causes of phenomena in the natural world.


2 Scientific explanations, theories and models are those that best fit the evidence available at a particular time.


3 The knowledge produced by science is used in engineering and technologies to create products to serve human ends.


4 Applications of science often have ethical, social, economic and political implications.


Why is it important for science teachers to understand these principles? In teaching, it is easy to get lost in the minutiae of a single lesson, to focus on how well students have done in the five recap questions in the starter, or to be wholly in the moment ensuring the safety of students using Bunsen burners for the first time. Individual lessons are obviously crucial to student learning, but unless teachers step back occasionally to acknowledge the bigger picture and the end goal, an individual lesson can drift into meaninglessness.


It took Seurat 18 months to paint A Sunday Afternoon on the Island of La Grande Jatte. For months, he worked on preliminary details and sketches. When painting, he focused on tiny details of the grass and the clothing. He worked in pointillism, crafting the painting using tiny dots. Close up, the dots and the colours might be beautiful, but it is only in stepping back and looking at the big picture that the beauty of the whole painting becomes apparent. Putting the dots together to make a small square of grass means nothing without the big-picture concept it is building towards. In the same way, occasionally science teachers need to take a step back and look at the big picture. Yes, the lesson has gone well, but how does it help students understand these big questions about the world? How has it achieved the goals of science teaching as a discipline? These questions should be fundamental to science teaching.







How much time should science take?


How much time is enough? Particularly at GCSE, science teaching can feel squeezed. The Ofsted Science Research Review (2021) found that in the UK, ‘evidence from analysis of school timetables in England suggests that insufficient time is often allocated to teach Triple science … This means that some schools restrict Triple science to just high-attaining pupils who are presumed to be able to cope with the more intensive timetable.’ Triple science students study three separate sciences but also in more depth and with extra topics, obtaining three separate GCSEs at the end of their study. In contrast, Combined science or Double science is a qualification in which the teaching of all three sciences is combined, taught at a lower level, and students are rewarded with two science GCSEs.


This becomes problematic when there are students who are desperate (or even just keen) to study separate sciences to a higher level but who are denied the opportunity due to class sizes and timetable demands. When not enough time is allocated, students who could otherwise do well might have their potential limited. Exam boards suggest that a double award qualification should be assigned 240 teaching hours, or approximately 3 hours a week based on 39 teaching weeks over 2 years. In comparison, each science GCSE when studied as a Triple award requires 120 hours, resulting in 1.5 hours a week per science or a total of 4.5 hours of science teaching a week.


In the real world, timetable and class limits exist. Even within a curriculum designed to fit the timetable, it can still feel like there is too much to cover or not enough time to cover it well. Luckily, the EEF research report ‘Improving Secondary Science’ (2018) makes a succinct but powerful point:




‘Evidence-informed science teaching is not about fitting more into a tight timetable: it’s about using limited time and resources as smartly as possible, by focusing on what is most likely to have a positive impact.’





This book is about the smartest ways to teach science; for example, how we can teach science:


■ with rigorous intellectual standards


■ quickly and efficiently


■ in an intelligent manner, maximising opportunities and allowing for the unique limits of individual schools


■ while working independently, using teacher autonomy to provide the best science education possible for our students.







Further reading


Education Endowment Foundation (2018) Improving Secondary Science: Guidance report. Available at: https://educationendowmentfoundation.org.uk/education-evidence/guidance-reports/science-ks3-ks4


Harlen, W. (ed.) (2015) Working with Big Ideas of Science Education. IAP. Available at: https://www.ase.org.uk/bigideas


The Ofsted Science Research Review (2021) Research review series: science https://www.gov.uk/government/publications/research-review-series-science/research-review-series-science#introduction

























CHAPTER 2



WHAT DOES THE RESEARCH TELL US ABOUT TEACHING SECONDARY SCIENCE?


 





This book is informed by contemporary research about teaching secondary science. In this chapter you will find brief synopses of some important texts for science teachers. Reading these in full will be a valuable exercise, but as a starting point, here you will find summaries of the key points from each text to give an insight into the core ideas explored elsewhere in this book.





Improving Secondary Science: Seven recommendations for improving science in secondary schools (2018)




What kind of research is it?


This guidance report published by the EEF brings together research into seven practical, evidence-based strategies for effective science teaching. Each of the seven recommendations is supported by an evidence summary, examples from practice and further reading.







What does it say?


1 Preconceptions: build on the ideas that pupils bring to lessons.


2 Self-regulation: help pupils direct their own learning.


3 Modelling: use models to support understanding.


4 Memory: support pupils to retain and retrieve knowledge.


5 Practical work: use practical work purposefully and as part of a learning sequence.


6 Language of science: develop scientific vocabulary and support pupils to read and write about science.


7 Feedback: use structured feedback to develop pupils’ thinking.







How can it help me in my own teaching?


This is an excellent document for reflecting on different elements of basic classroom practice. Each recommendation is something that should be routinely used in strong, everyday classroom practice. By reading the strategies and reflecting on their own practice, science teachers can evaluate and improve their classroom practice with ease.







Where can I read it?


Read the full report online, here: https://educationendowmentfoundation.org.uk/education-evidence/guidance-reports/science-ks3-ks4











Ofsted Research review series: science (2021)




What kind of research is it?


Published by Ofsted, this is a literature review of the research underpinning effective science teaching. Among other things, it explores the literature on curriculum progression, pedagogy and assessment in science.







What does it say?


The detailed literature review concludes by summarising three core principles of science teaching today:


1 A high-quality science education is rooted in an authentic understanding of what science is.


2 A high-quality science curriculum prioritises pupils building knowledge of key concepts in a meaningful way that reflects how knowledge is organised in the scientific disciplines.


3 This means that science curriculums should be planned to take account of the function of knowledge in relation to future learning.







How can it help me in my own teaching?


This is a very detailed literature review – including 258 referencing footnotes – which serves as a helpful summary of the research, so saving a busy teacher from having to read a large volume of primary sources.


Let’s look at some of the key takeaways in action.


Curriculum planning


An effective science curriculum is structured to build learning over time. Pupils should be taught how concepts are related so that, as they progress through the science curriculum, new knowledge gets systematically integrated into pre-existing knowledge. This enables synthesis of larger concepts, allowing pupils to operate at abstract levels.


Chunking of knowledge should be used, allowing pupils to successfully build knowledge of science concepts and their relationships over multiple years, without working memory overload.


Both substantive and disciplinary knowledge are important, and they should be taught in an integrated way; the school curriculum should be organised so that disciplinary knowledge is embedded within the substantive content of biology, chemistry and physics.




Teaching about rates of reaction in chemistry presents a good opportunity for students to develop both substantive and disciplinary knowledge. The curriculum sequencing and chunking of this topic should be designed carefully to support students in learning how rates of reaction are affected by different conditions.


By first exploring the theory of how chemical reactions happen – the ideas of collision theory, activation energy and successful collisions – students will learn the substantive knowledge that a successful collision is one that has energy greater than or equal to the activation energy of that reaction, and that the rate of reaction is determined by the number of successful collisions per second. Armed with this knowledge, students can now predict what will happen when conditions change and they can start to design experiments to test and measure changing rates. In these experiments, disciplinary skills of how to measure, how to control variables and how to analyse data can be taught. In the analysis stage, graphing skills can be taught, including how to find the gradient of a curve at a certain point using a tangent.





Building knowledge of scientific concepts


Revisiting key topics should not involve simple repetition, but rather should be an opportunity for new knowledge to be added to the developing ‘big concept’ being studied.




The idea that all matter is made up of small particles is one that develops throughout a student’s learning journey in science. At secondary level, students would normally start by learning about solids, liquids and gases, and how the particles – represented by spheres – are arranged. This is later revisited when students learn about elements, mixtures and compounds by looking at these particles in more detail. From here, understanding builds in several ways, as students are taught what atoms are made of, how atoms link together in different ways and how these factors give rise to different bulk properties. By revisiting and building on the initial idea, students form a deep understanding of the big idea.





Disciplinary knowledge


Once disciplinary knowledge is introduced, it should be practised across different topics and subjects. This allows pupils to learn how the same disciplinary knowledge is used in different substantive contexts.




One of the key areas of disciplinary knowledge that students are expected to master through their science curriculum is data analysis, especially how to process and present scientific data to identify trends and patterns. This normally takes the form of presenting data from practical work in tables and graphs.


For a student to master this skill, they must be able to take data from a practical and present it using the most appropriate type of graph. Students should be taught specifically how to lay out a graph – putting the independent variable on the x-axis and the dependent variable on the y-axis, and understanding that the independent variable is the one they controlled and changed, whereas the dependent variable is the outcome of the experiment. Different types of graph, such as bar charts, histograms and line graphs, should be taught and the contexts in which scientists use these graphs explained.


Once students understand these basics, data analysis using graphs should be revisited as an integral part of any practical activity that collects quantitative data. In this way, the disciplinary knowledge is applied in different topics.


Questions can be used to guide students into choosing the right kind of graph for their data:


1 What is the independent variable?


2 What is the dependent variable?


3 What variable goes on the x-axis? What is its unit?


4 What variable goes on the y-axis? What is its unit?


5 Is the data discrete or continuous?


6 What kind of graph is suitable for this data?


7 What are the reasons for choosing this kind of graph for the data?


These questions should scaffold the task of drawing a graph and can be applied to any practical that collects data. As students gain a greater level of mastery in this disciplinary area, these questions can – and should – be reduced or removed.





RADAAR


Curriculum plans should predict misconceptions and plan to address them. Planning a curriculum that develops in small steps will minimise the chances of misconceptions developing. The EEF suggests the use of the RADAAR (research, anticipate, diagnose, address, assess and review) planning framework to enable teachers to predict and plan for misconceptions in a strategic way.


Research


In the research stage, the teacher uses their knowledge of how pupils learn the subject to identify potential and likely misconceptions. For example, a common misconception held by students when learning about forces is that acceleration is always in the direction in which an object is travelling (rather than in the direction of the change of velocity of the object).


Anticipate


Using the questions below, the teacher can plan for this misconception and develop strategies for dealing with it in the classroom:


1 What are the prerequisite ideas needed to access the topic?


Students need to know what a force is, defining it as a push or a pull. They need to know that forces have a magnitude (how strong they are) and a direction (making them a vector quantity).


2 What is the common misconception in this topic?


Acceleration always acts in the direction of travel of an object.


3 What is the key vocabulary for this topic?


Force, acceleration, balanced, unbalanced, magnitude.


4 Are there any potentially confusing words or terms that could be avoided, for example, words that have a non-scientific meaning?


The use of the term ‘deceleration’ can be confusing for some students as it reinforces the idea that acceleration is in the direction of travel and that deceleration is against it.


5 Are there any terms that you need to be particularly careful about using as they are commonly misused?


‘Acceleration’ is confused with the direction of travel.


6 How will you explicitly link to and activate prior knowledge?


Ask students to draw diagrams showing the forces acting on objects in different situations. This will remind students of how forces act on objects.


By asking themselves these questions in the ‘anticipate’ stage, teachers can identify common misconceptions, the vocabulary and language needed and the prerequisite knowledge required for a topic, and include these elements in their curriculum plan. This should give them a strong idea of the key misconceptions and a plan for how to address them.


Diagnose and address


In this stage, the teacher moves into the classroom environment. They use a hinge question to diagnose whether the likely misconception they have identified exists in this specific class, and then address it if needed.


For example, the teacher could display a force diagram of an object with unbalanced forces and clearly in motion, for example, a car slowing down while driving down a road. They would ask students to draw an arrow showing the direction of the acceleration.


1 If a student’s arrow is in the direction of movement, they have the misconception that acceleration is always in the direction of travel.


2 If a student’s arrow opposes the direction in which the car is moving, they understand that acceleration is the change in speed.


3 If a student draws an arrow going in any other direction, further misconceptions have been exposed.


If student misconceptions are exposed, the teacher can use a demonstration, explicit teaching and examples to clarify the idea.


Assess and review


Finally, the teacher should continue to pose questions with different contexts and wording to check that student learning is firmly embedded. Teacher explanations are crucial. Discovery-based learning has been debunked; pupils should not be expected to arrive at scientific explanations by themselves without sufficient prior knowledge.


Plan for science-specific literacy and numeracy development


Subject leaders and teachers of mathematics and science should work together to understand how and when knowledge taught in their respective subjects is similar and different.




The ability to measure the gradient of a curved line is a higher-level graph-analysis skill for students. It has applications in several topics: calculating rates of reactions in chemistry and rates of biological processes, and acceleration in physics. The skill of drawing a tangent to the curved line using a ruler and measuring the gradient of this tangent will be taught in mathematics lessons, as well as in science lessons. Maths and science teachers should work together to make sure this skill is taught in the same way to reinforce learning.





Pupils should be explicitly taught to read, write and speak like scientists. Every teacher is a teacher of literacy. Teaching students specific scientific literacy skills should be part of every science teacher’s routine practice.




Identify the literacy skill you want to teach. Teach students to read, write and speak like scientists using the same explicit steps you use to teach scientific knowledge: break it down for your students, model what it should look like, give opportunities for them to practise and provide feedback on their work. Give students success criteria to support them with the literacy skills being practised, not just to measure their substantive knowledge.





Scientific vocabulary


Explicit vocabulary teaching from early years onwards is crucial for successful science teaching; exposure to high-quality reading materials, which include scientific vocabulary in context, is a key strategy.




Beck, McKeown and Kucan (2013) sort vocabulary into three tiers of utility:




	Tier 1 – words used in everyday conversations



	Tier 2 – ambitious vocabulary that students might encounter in different contexts; it is important to teach the scientific-specific meaning of these words



	Tier 3 – subject-specific vocabulary that is integral to the subject.






In each lesson, identify the Tier 2 and Tier 3 vocabulary you can teach. The table on the following page gives some examples.














	Tier 2


	Tier 3







	



	analyse



	evaluate



	hypothesise



	argument








	



	homeostasis



	endothermic



	catalyst



	reactant













To teach vocabulary, the following strategies can be helpful:




	Talk about the word and co-construct a ‘class definition’.



	Break down the word into parts and identify the roots of the word, which might give clues to the meaning. For example, the Greek suffix ‘–thermic’, meaning ‘to heat’, gives a clue about the definitions of the words ‘exothermic’, ‘endothermic’ and ‘hypothermic’.



	Show the word in two sentences, one demonstrating correct usage and the other incorrect. Ask students to identify the correct usage (and explain why the incorrect usage is wrong).



	Reward students for using Tier 2 and Tier 3 scientific vocabulary correctly.









Have a clear rationale for why you are doing practicals


Practical work should be planned with clear substantive and disciplinary objectives. Inspiring awe and wonder is a legitimate outcome of practical work.




When planning a practical, map out the substantive and disciplinary learning outcomes you want to achieve. Let’s go through this process for a practical to investigate the reactivity of Group 7 elements: carrying out a set of displacement reactions by reacting the elements dissolved in water with solutions of salts containing these elements.


Substantive knowledge objectives:




	to know the order of reactivity of the halogen elements in the practical



	to know that a more reactive element displaces a less reactive element from solution.






Disciplinary knowledge objectives:




	to be able to identify when a chemical reaction has taken place



	to be able to make predictions about the reactivity of other elements in the group based on data.









Assessment in science classrooms


Assessment in the science classroom has three core purposes:


1 to frequently check pupils’ understanding, to identify gaps and misconceptions, following up with subject-specific feedback to enable pupils to make progress


2 to prevent pupils from forgetting what they have learned via the testing effect, which suggests that regular, low-stakes retrieval tests have benefits for increasing long-term memory


3 summative assessment to check that pupils have met their goals.


Avoid overuse of exam-board-generated materials for assessment as this can inadvertently narrow the curriculum. Moderation should be used to make sure teacher assessment is accurate.


Use carefully selected resources


High-quality textbooks should be used as an important resource for learning and teaching science. These might be complemented by online materials, although care should be taken to ensure the curriculum still has coherence if resources from multiple sources are used.


School leaders should strategically reflect on the use of resources and staff to enable the best science education:


■ Ensure teachers and technicians have access to high-quality, subject-specific continuing professional development (CPD). Professional bodies and STEM Learning are good sources.


■ Plan the timetable to maximise teaching in specialisms and duplicating the teaching of year groups or key stages for newer teachers.


■ Allocate enough time to teach the planned curriculum.







Where can I read it?


You can read the full report online, here: https://www.gov.uk/government/publications/research-review-series-science/research-review-series-science











Good Practical Science (2017)




What kind of research is it?


This report, published by the Gatsby Foundation, is based on evidence from six countries with a successful track record of science education and on surveys with experts from 19 countries. Based on this data, the writers of the report drafted 10 benchmarks for effective practical science, that can be used as a self-evaluation tool by schools, teachers and technicians







What does it say?


The report offers 10 benchmarks that are features of effective practical science. In the full report, each benchmark is supported by a summary and set of criteria statements.


1 Planned practical science


2 Purposeful practical science


3 Expert teachers


4 Frequent and varied practical science


5 The laboratory facilities and equipment


6 Technical support


7 Real experiments, virtual enhancements


8 Investigative projects


9 A balanced approach to risk


10 Assessment fit for purpose







How can it help me in my own teaching?


Science is a practical subject. The best CPD for teachers is usually subject specific. This report can be used by science teachers as part of their CPD, either through personal reflection, mentoring and coaching, or departmental discussions about improving practice.




Putting the Gatsby benchmarks into practice


At Bishop Challoner Catholic College, we believe practicals should complement the science curriculum, providing enriching opportunities to develop skills and enhance knowledge. Across the key stages, practicals are embedded into the curriculum, with schemes of work that specify our intent in delivering practicals as well as linking them to career opportunities. We have a team of technicians who lead on their specialism, advising the teachers on the range and delivery of practicals. We seek out continued CPD, both externally and internally, in our department meetings. Our department training is led by expert teachers; staff and technicians share and review best practice about the effective delivery of practicals.


The student experience is of frequent exposure to practicals, and end-of-topic assessments have a section for practical skills to be assessed. Through using a variety of equipment in the laboratories, the students develop their disciplinary skills alongside their substantive knowledge of the topic. Students use technology in science by using virtual reality headsets to simulate the inside of a cell or an atom, as well as using their electrical kits. Through a science club and STEM projects running throughout the Key Stage 3 curriculum, the students have opportunities to plan, investigate, design and evaluate practical work. We have an enrichment programme of trips, including to London’s Science Museum, the National Space Centre in Leicester and crime scene investigation days. These allow the students to see further applications of practical work to careers, as well as inspiring their love of science.


Sophia Mayor, Head of Science, Bishop Challoner Catholic College, Birmingham










Where can I read it?


Read the full report online, here: https://www.gatsby.org.uk/education/programmes/support-for-practical-science-in-schools











Working with Big Ideas of Science Education (2015)




What kind of research is it?


This is a report from an international seminar of science experts, focused on identifying the big ideas that should underpin an effective science curriculum to enable students to ‘understand, enjoy and marvel at the natural world’.







What does it say?


The report identifies 10 big ideas of science and four big ideas about science that all students should have the opportunity to learn before the end of compulsory education. Each principle is described in some detail – what it means and how it should be understood – as well as being contextualised within different conceptions of progression.


Ten big 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 lifespan.


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 big ideas about science


1 Science is about finding the cause or causes of phenomena in the natural world.


2 Scientific explanations, theories and models are those that best fit the evidence available at a particular time.


3 The knowledge produced by science is used in engineering and technologies to create products to serve human ends.


4 Applications of science often have ethical, social, economic and political implications.


The report includes a very helpful overview for each of the big ideas, specifying exactly what subject content is involved from age 5 all the way to age 17. Pages 20–33 are a brilliant resource for developing teacher understanding and expertise in curriculum progression in a specifically scientific context. The report further explores effective practice in pedagogy, content and assessment, again offering practical suggestions to science teachers at all levels.







How can it help me in my own teaching?


It is a superb resource for developing teacher expertise in curriculum progression in a specifically scientific context. Here are four ways you could use the big ideas in your own planning and teaching:


1 Use it to review your curriculum overview. Are all the big ideas covered?


2 Use it to review your curriculum plan for developing learning over time. Pick one of the big ideas and track the opportunities for students to engage with it from Year 7 to Year 11 or 13. Does your curriculum have a coherent approach to building understanding of this theme over time?


3 Share the big ideas with students so that they can see how individual lessons contribute to developing an understanding of them.


4 Promote the way the big ideas exist beyond the classroom, in the work of scientists, politicians and those working in industry today. A display board on the four big ideas about science will help students see the real-world applications of their lessons.







Where can I read it?


Read the full report online, here: https://www.ase.org.uk/bigideas










How do I stay up to date with developments in research around science teaching?


Make sure you are signed up for membership of the professional associations for science teaching: the Royal Society of Chemistry; the Institute of Physics; the Royal Society of Biology; and the Association of Science Education.


Sign up for alerts for when Ofsted releases new research related to science: https://www.gov.uk/government/collections/ofsted-schools-survey-reports#science


Sign up for newsletters from the EEF to get notifications about the latest research reports, including science: https://educationendowmentfoundation.org.uk/sign-up







Further reading


Beck, I., McKeown, M., and Kucan, L. (2013, 2nd ed.) Bringing Words to Life: Robust vocabulary instruction. New York: Guilford Press.
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