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Chain-of-Thought Prompting (CoT)

Motivation

• CoT to improve performance

[1] Wei, Jason, Xuezhi Wang, Dale Schuurmans, Maarten Bosma, Fei Xia, Ed Chi, Quoc V. Le, and Denny Zhou. "Chain-of-thought 
prompting elicits reasoning in large language models." Advances in Neural Information Processing Systems 35 (2022): 24824-24837.
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• CoT improves performance 

• Zero-shot CoT works

Chain-of-Thought Prompting (CoT)

Motivation
Mike plays ping pong for 40 minutes. In the first 20 
minutes, he scores 4 points. In the second 20 minutes, 
he scores 25% more points. How many total points did 
he score? 
Let’s think step by step.

Answer:  
#1. In the first 20 minutes, Mike scores 4 points.  
#2. In the second 20 minutes, he scores 25% more 
points than in the first 20 minutes.  
#3. To find 25% more points, we can multiply the 
number of points in the first 20 minutes by 1.25.  
#4. 4 points * 1.25 = 5 points.  
#5. In total, Mike scores 4 points + 5 points = 
<<4+5=9>>9 points. Answer: 9.
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• CoT improves performance 

• Zero-shot CoT works 

• Fail if an intermediate step goes wrong!

Chain-of-Thought Prompting (CoT)

Motivation
An aeroplane flies along the four sides of a square at 
the speeds of 200, 400, 600 and 800km/hr. Find the 
average speed of the plane around the field? Options: 
OptA) 384 OptB) 562 OptC) 458 OptD) 156 OptE) 452 
Let’s think step by step.

Answer:  
#1. To find the average speed, we need to find the total 
distance traveled and divide it by the total time taken.  
#2. The distance traveled on each side of the square is 
equal to the speed … 
#… 
#7. Simplifying the expression, we get the average 
speed as (4s) / ((3s + 2s + (4/3)s + (1/2)s) / 2400) km/hr. 
#… 
#17. None of the given options match the calculated 
average speed.
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Fail if an intermediate step goes wrong!

Motivation
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Can LLMs self-correct the reasoning chain? 

And how?



• Verify step by step  

• Prompt to self-check every step directly 

• Intuitive, biased, less-effective 

• Ground to logic 

• Guided, less-biased, interpretable 

• Revise if necessary

Chain-of-Thought Prompting (CoT)

Motivation
An aeroplane flies along the four sides of a square at 
the speeds of 200, 400, 600 and 800km/hr. Find the 
average speed of the plane around the field? Options: 
OptA) 384 OptB) 562 OptC) 458 OptD) 156 OptE) 452 
Let’s think step by step.

Answer:  
#1. To find the average speed, we need to find the total 
distance traveled and divide it by the total time taken.  
#2. The distance traveled on each side of the square is 
equal to the speed … 
#… 
#7. Simplifying the expression, we get the average 
speed as (4s) / ((3s + 2s + (4/3)s + (1/2)s) / 2400) km/hr. 
#… 
#17. None of the given options match the calculated 
average speed.
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Guided reasoning with Logic

Example

If Tom plays football outside, 
then John will also join to 
play; if John plays football, 
then Mary won’t go 
outside. Knowing that 
Mary is outside, is Tom 
playing football?
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Example

If Tom plays football outside, 
then John will also join to 
play; if John plays football, 
then Mary won’t go 
outside. Knowing that 
Mary is outside, is Tom 
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Guided reasoning with Logic



• Chain of Thought Formulation 

• Verify the i-th step

Verify step by step

LoT: Logical Chain of Thoughts

{P, T1, T2, ⋯, TN}

P, ⋯, Ti−1 ⊢ Ti?

T1

T2

Ti

…

P Premises, e.g. question definition

CoT step #1

√

√

?

CoT step #2

CoT step #i

…
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• Reductio ad Absurdum (reduction to absurdity)

Verify step by step

Ti ¬Ti

Premises

Conclusion

⋯ ∧ Ti−1 ⊢ Ti? C = ⋯ ∧ Ti−1 ∧ ¬Ti?

Contradicting?

P
T1

Ti−1

P
T1

Ti−1

LoT: Logical Chain of Thoughts
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Supporting?



• Continue

Revise on demand

Ti ¬Ti

Premises

Pass

P
T1

Ti−1

P
T1

Ti−1

LoT: Logical Chain of Thoughts
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C = ⋯ ∧ Ti−1 ∧ ¬Ti?⋯ ∧ Ti−1 ⊢ Ti?
Support Contradiction



• Continue 

• Revise

Revise on demand

Ti ¬Ti

Premises

Fail

P
T1

Ti−1

P
T1

Ti−1

LoT: Logical Chain of Thoughts
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⋯ ∧ Ti−1 ⊢ Ti? C = ⋯ ∧ Ti−1 ∧ ¬Ti?
Non-support Tautology



• Continue 

• Revise & re-deduce

Revise on demand

Premises

Revision

P
T1

Ti−1

TiT′ i

LoT: Logical Chain of Thoughts
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•   post-hoc explanation of  

• “Step i is true because ___” 

•  post-hoc explanation of  

• “Step i is false because ___”

Ei Ti

E¬
i ¬Ti

Practical Implementation

LoT: Logical Chain of Thoughts
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•   post-hoc explanation of  

• “Step i is true because ___” 

•  post-hoc explanation of  

• “Step i is false because ___”

Ei Ti

E¬
i ¬Ti

Practical Implementation

compulsory 
error-finding

LoT: Logical Chain of Thoughts
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•   post-hoc explanation of  

• “Step i is true because ___” 

•  post-hoc explanation of  

• “Step i is false because ___”

Ei Ti

E¬
i ¬Ti

Practical Implementation

compulsory 
error-finding

LoT: Logical Chain of Thoughts

[2] Saunders, William, Catherine Yeh, Jeff Wu, Steven Bills, Long Ouyang, Jonathan Ward, and Jan Leike. 
"Self-critiquing models for assisting human evaluators." arXiv preprint arXiv:2206.05802 (2022).

Generative self-verification 

Discriminative preference

Ti ?

Ti ¬Ti

( )Ei ( )E¬
i

/ ?

+ G-D gap [2]: promise to improve by discerning 
the quality of its generation
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Example
LoT explained
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Accuracy

Result

• On various domain tasks 

• Improved performance
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Revision frequency

Result

• On various domain tasks 

• Improved performance 

• Revisions

Model scale

weak to verify

hesitate

confident basis
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Revision frequency

Result

• On various domain tasks 

• Improved performance 

• Revisions 

• No major increased steps
Model scale

weak to verify

hesitate

confident basis
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Ablation for self-check

Result

• On various domain tasks 

• Improved performance 

• Revisions 

• No major increased steps 

• Better self-check with post-hoc 
explanations

Model scale
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Thanks for Your Attention!

Knowledge Technology Research Group
Xufeng Zhao, 2024/05/02

All questions & discussions & collaborations are welcome …



Appendix+



LoT variants

Pseudo codes

• Difference



Chain-of-Thought Prompting (CoT)

Motivation
An aeroplane flies along the four sides of a square at 
the speeds of 200, 400, 600 and 800km/hr. Find the 
average speed of the plane around the field? Options: 
OptA) 384 OptB) 562 OptC) 458 OptD) 156 OptE) 452 
Let’s think step by step.

Majority Voting
e.g. [1] Wei, Jason, Xuezhi Wang, Dale Schuurmans, Maarten Bosma, Fei Xia, Ed Chi, Quoc V. Le, and 
Denny Zhou. "Chain-of-thought prompting elicits reasoning in large language models." Advances in Neural 
Information Processing Systems 35 (2022): 24824-24837.


