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Improving Secondary Science

https://educationendowmentfoundation.org.uk/tools/guidance-reports/improving-secondary-science/



Improving Secondary Science



EEF ISS Example Toolkit

https://educationendowmentfoundation.org.uk/public/files/EEF_secondary_science_audit_tool.pdf



Preconceptions



Preconceptions / Misconceptions

• Pupils construct their own explanations these may 
differ from scientific explanations.  

• Learning is more effective when preconceptions 
are considered.

• There are common misconceptions and research to 
suggest what these are.  



Review & Misconceptions

• Experience of colleagues

• EEF Research & Anticipate, Diagnose & Address, Assess & 
Review , RADAAR 
https://educationendowmentfoundation.org.uk/public/files/Publications/Science/RADAAR_Plan
ning_Logic_diagram.pdf

• Best Evidence Science Teaching
https://www.stem.org.uk/best-evidence-science-teaching

• IoP Spark   
https://spark.iop.org/misconceptions-blogs

• American Association for the Advancement of Science 
http://assessment.aaas.org/topics

https://educationendowmentfoundation.org.uk/public/files/Publications/Science/RADAAR_Planning_Logic_diagram.pdf
https://educationendowmentfoundation.org.uk/public/files/Publications/Science/RADAAR_Planning_Logic_diagram.pdf
https://www.stem.org.uk/best-evidence-science-teaching
https://spark.iop.org/misconceptions-blogs
http://assessment.aaas.org/topics


https://educationendowmentfoundation.org.uk/public/files/Publications/Science/RADAAR_Planning_Logic_diagram.pdf



Self-regulation



Metacognition & Self-regulated learning

https://educationendowmentfoundation.org.uk/tools/guidance-reports/metacognition-and-self-regulated-learning

https://educationendowmentfoundation.org.uk/tools/guidance-reports/metacognition-and-self-regulated-learning


Metacognition & Self-regulated learning

https://educationendowmentfoundation.org.uk/tools/guidance-reports/metacognition-and-self-regulated-learning



Teacher Modelling

EEF report on Metacognition and Self Regulation

https://educationendowmentfoundation.org.uk/tools/guidance-reports/metacognition-and-self-regulated-learning

Teachers should verbalise their metacognitive 
thinking, as they approach and work through a 
task.  

“What do I know about problems like this?”

“What ways of solving them have I used before?”

https://educationendowmentfoundation.org.uk/tools/guidance-reports/metacognition-and-self-regulated-learning


Teacher Modelling

Experts in a topic/procedure forget easily how 
difficult it was to learn something.

“The curse of knowledge”



Teacher Modelling

Teachers need to make their thinking visible 
explicitly so a novice can understand the process.

Novice learners are not good at absorbing 
knowledge by ‘osmosis’.



Teacher Modelling



Modelled in real time

8 = 2𝑦 v = 𝑓𝜆

8

2
=
2

2
𝑦

8

2
= 1𝑦

8

2
= 𝑦

4 = 𝑦

𝑣

𝑓
=
𝑓

𝑓
𝜆

𝑣

𝑓
= 1𝜆

𝑣

𝑓
= 𝜆



Progressive problems, appropriate challenge

Set progressive problems that increase in 
complexity and challenge .  

Setting an appropriate level of challenge helps to 
develop pupils’ self-regulation and metacognition



Progressive problems

Q1 Simple numbers

Q2 Decimals

Q3 Determine not calculate

Q4 Different order

Q5 to Q8 Different subject

Q10 Onwards some prefixes

Q14 Onwards, pictures and text



Worked examples

EEF report on Metacognition and Self Regulation

https://educationendowmentfoundation.org.uk/tools/guidance-reports/metacognition-and-self-regulated-learning

Scaffolded tasks, like worked examples, allow 
pupils to develop their metacognitive and 
cognitive skills without placing too many demands 
on their mental resources.  

https://educationendowmentfoundation.org.uk/tools/guidance-reports/metacognition-and-self-regulated-learning


Example problem pairs
A car fitted with a jet engine is used in a land 

speed record attempt.  The graph shows the 

velocity of the car for the first 50 seconds of a test 

run.

a) Calculate the acceleration of the car during 

the first 40 s

𝑎 =
𝑣 − 𝑢

𝑡

a= ?

u= 0 m/s

v= 440 m/s

t = 40s

𝑎 =
440 − 0

40
= 11 𝑚𝑠−2

A train carries people up a mountain.  The graph 

shows how the speed of the train varies with time 

for the journey.

a) Calculate the acceleration of the train 

during the first 200 s

𝑎 =
𝑣 − 𝑢

𝑡

a= ?

u= 

v=

t =

𝑎 =
6.5 − 0

200
= 0.0325 𝑚𝑠−2

a= ?

u= 0 m/s

v= 6.5 m/s

t = 200 s



Cognitive Load Theory



Worked example effect

“the quickest way to get any well-organised 
knowledge into long-term memory is to borrow it 
from an expert” (p118)

(Lovell, O. (2020) Cognitive Load Theory in Action. John Catt: Woodbridge) 



Cognitive load theory

Excellent summary report

https://www.cese.nsw.gov.au/publications-
filter/cognitive-load-theory-research-that-teachers-
really-need-to-understand

https://www.cese.nsw.gov.au/publications-filter/cognitive-load-theory-research-that-teachers-really-need-to-understand
https://www.cese.nsw.gov.au/publications-filter/cognitive-load-theory-research-that-teachers-really-need-to-understand
https://www.cese.nsw.gov.au/publications-filter/cognitive-load-theory-research-that-teachers-really-need-to-understand


Modelling

Parallel session on visualising electric circuits, 
Session 5 Modelling the Expanding Universe



Memory



Retrieval practice

Question 1&2 from last lesson

Question 3 from last week

Question 4 from last month 



Retrieval practice: Brain dump

• Retrieval practice, “Brain dump”
• Blank piece of paper
• Recall what you know about a topic without books
• Check for accuracy
• Add omissions
• Repeat at a later time

How to Study Effectively for School or College [Top 6 Science-Based Study Skills]

https://www.youtube.com/watch?v=CPxSzxylRCI

https://www.youtube.com/watch?v=CPxSzxylRCI
https://www.youtube.com/watch?v=CPxSzxylRCI


Review

•Retrieval practice

•Spaced learning

•Interleaving

https://www.learningscientists.org/

https://www.learningscientists.org/


Practical Work



Practical work



Purpose of practical work

“Hands on” or “Minds On”

Millar, R. and Abrahams, I. (2009) ‘Practical work: making it more effective’, School Science Review, 91 (334), pp. 59–64.



Planned practical science

Good Practical Science – making it happen (2019) ASE 

Written policy, why, how, age, stage, support needs.  

Process of producing the policy, discussions as important as policy.

https://www.ase.org.uk/resources/good-practical-science-making-it-happen

https://www.ase.org.uk/resources/good-practical-science-making-it-happen


Practical work

Technical Support / Technicians

Real experiments, virtual enhancements

Investigative projects

Balanced risk (unnecessary risk aversion)

Assessment fit for purpose 

(include practical and formatively assess)

Planned practical work

Purposeful practical work

Expert teachers (Subject specialists)

Frequent and varied practical work

Laboratory facilities and equipment

Holman J (2017) Good Practical Science, Gatsby Foundation, London. 
https://www.gatsby.org.uk/education/programmes/support-for-practical-science-in-schools

https://www.gatsby.org.uk/education/programmes/support-for-practical-science-in-schools


Reducing cognitive load in practical work

Students have a limited working memory.  

Demonstrate / Visualise each step of the practical to students.

Use visual instructions to minimise cognitive load of complex 
tasks.

Use narrative to remember concepts via stories.  

Make practical work hypothesis driven to enable thinking 
about what results they might get.  



3a. Make students think about why they are making a given Hypothesis.

e.g. Use two part MCQs.

Question:
What is the relationship between the force of friction and the mass of an object?

A. As mass increases, friction stays the same

B. As mass increases, friction decreases

C. As mass increases, friction increases

because the roughness of the surface is always the same regardless of the mass

because the roughness is smoothed out by increased mass pushing down

because the roughness is more difficult to overcome when increased mass pushes down

Reducing cognitive load in practical work



A

6V
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V

❶ Set up circuit 

component =            

component =            

❷ Adjust variable 
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different voltage 
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❹ Repeat ❷&❸
five times
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wires. Repeat 

❷&❸&❹



Language of Science



Key words: Etymology

Photovoltaic

Light Voltage



Scientific writing

• Based upon techniques discussed in “The 
Writing Revolution” by Hochman & Wexler



Because, but, so

The teacher gives students a sentence stem, an independent clause 
ending with because, but, so, to encourage extended responses. 

Because: explains why something is true = reason

But: indicates a change in direction = contrast

So: what happens as a result of something else = consequence



Because, but, so

In a gas, the particles move about the container,
but in a solid, they can only vibrate.

In a gas, the particles move about the container, 
because they are not attracted to each other.

In a gas, the particles move about the container, 
so they collide with the walls and exert pressure.



Because, but, so

Fission and Fusion
Refraction and diffraction

but 

because

so



My details

Andrew Bailey
Teacher of physics and science
Grove Academy, Dundee
Institute of Physics teacher coach

Twitter: @andrewkbailey13
Email: andrewkbailey@gmail.com
Glow: ddabailey980



Other research to improve learning

• Rosenshine: Principles of Instruction

• Sweller: Cognitive Load Theory

• Coe: What makes great teaching?

• The Learning Scientists



Rosenshine

1. Review of prior learning

2. Present material in small steps, practice after each step.

3. Ask lots of questions and check responses

4. Provide models

5. Guide student practice

6. Check for student understanding

7. Obtain a high success rate

8. Scaffold difficult tasks

9. Require and monitor independent practice

10. Review weekly and monthly

Principles of Instruction: Research-Based Strategies That All Teachers Should Know, by Barak Rosenshine; 
American Educator Vol. 36, No. 1, Spring 2012, AFT

https://files.eric.ed.gov/fulltext/EJ971753.pdf
https://files.eric.ed.gov/fulltext/EJ971753.pdf
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