
Embedding Self-Explanation training into the curriculum  







Student approach Expert approach
Looks for a method Looks for mathematical structure

Starts calculating Interprets information first

Uses procedures Connects ideas

Waits for the next step Predicts what comes next



Self-Explanation Training 

By training students to read and think like experienced mathematicians, we can 
improve their understanding of abstract concepts and create the logical connections 
needed to solve complex problems.

Shown to be effective in many other subjects outside of maths (e.g., Chi et al., 1989, 
Ainsworth and Burcham, 2007)

 



What it is

After reading each question or line of mathematics:

▪Try to identify and elaborate upon the main ideas used.

▪After each line of a question, try and do some mathematics before reading on. You 
can usually turn the words into algebra or use formulas, equations, or other ideas to 
make the question much easier.

▪Attempt to explain the mathematics in terms of previous ideas. These may be ideas 
from the information in the question or text, examples from previous questions or 
mathematics you have covered, or ideas from your own prior knowledge of the topic 
area.



Teacher vs Student











The mathematics changes...

• Proof
• Geometry
• Mechanics
• Statistics

...but the thinking doesn’t.

Experts consistently ask:
• What mathematical ideas are here? 
• What do I already know? 
• Why has this information been given? 
• What do I predict comes next? 
• Self-Explanation Training helps students internalise 

these questions until they ask them automatically.
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Your role has changed

As learners you generated self-explanations.

As teachers your role is to design opportunities for students to 
generate them.

Identify:

•  where students stop thinking
•  what an expert notices
•  the question that will help students make that connection
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Question information Expert self-explanation Likely misconception Teacher prompt

A particle falls through a 
fluid.

I should think about the 
physical meaning as well 
as the mathematics.

Ignore the context.
What is changing? What 
do the variables 
represent?

This is a first-order 
separable differential 
equation. The resisting 
force increases with 
velocity.

Try to integrate 
immediately.

How do you recognise the 
equation type?

(v=0) when (t=0)
This initial condition 
determines the integration 
constant.

"I'll use it later" without 
understanding why.

Why has the examiner 
given this information 
now?

Sketch the graph.
Velocity increases but the 
rate of increase decreases 
because resistance grows.

Need the exact solution 
first.

What qualitative features 
can you predict?

Velocity tends to 7.
Terminal velocity means 
acceleration becomes 
zero.

Substitute into the 
solution.

What does terminal 
velocity mean 
mathematically?

Find (k).
Use (dv/dt=0) when (v=7). 
No further integration is 
needed.

Repeat all previous 
calculations.

Can you answer this using 
the differential equation 
directly?
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Question information Expert self-explanation Likely misconception Teacher prompt

6% are black.
This is the population 
proportion, so it becomes 
(H_0).

Ignore it until later. What does this tell us about 
the null hypothesis?

Researchers believe the 
percentage may not be 6%.

"May not be" means a two-
tailed test.

Write a one-tailed 
alternative.

Which word determines the 
alternative hypothesis?

Random sample. Randomness supports the 
assumptions of the model. Ignore the statement. Why is random sampling 

important?

83 jaguars observed. (n=83). Just another number. Which symbol represents 
this value?

10 are black. (x=10). Confuse with the proportion. What does this number 
represent?

Test at the 5% significance 
level.

Compare the p-value (or 
critical region) with 0.05.

Treat 5% as the probability 
the null is true.

What does the significance 
level actually represent?
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Question information Expert self-explanation Likely misconception Teacher prompt

Rough plane Friction must act. Forget friction. What forces exist before 
reading further?

Inclined at angle (\theta) I'll need to resolve weight 
into components. Resolve incorrectly. Why do we resolve forces?

Projected up the plane Friction acts down the plane 
because it opposes motion. Friction points up the plane. What determines the 

direction of friction?

Coefficient of friction (\mu)
Friction equals (\mu R), so I 
must first find the reaction 
force.

Use (\mu mg). What does friction depend 
on?

Constant deceleration Acceleration is opposite the 
direction of motion. Ignore the sign convention. How will you define your 

positive direction?

Find (\mu).
I'll probably resolve 
perpendicular first to find 
(R).

Start substituting numbers. Which equation is easiest to 
form first? Why?
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What did you notice?



Planning your next lesson

Key point – “START SMALL” Don't redesign a scheme of work.
Modify one worked example next week.

Your challenge
• Choose one worked example from next week's lessons.
• Find three places where students typically switch into procedure mode.
• Write one self-explanation prompt for each.
• Try it next week.



Looks for a method Looks for mathematical structure

Starts calculating Interprets information first

Uses procedures Connects ideas

Waits for the next step Predicts what comes next
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