
Reasoning or Reciting? 
Exploring the Capabilities and Limitations of 
Language Models Through Counterfactual Tasks

ZHAOFENG WU 
LINLU QIU 

ALEXIS ROSS 
EKIN AKYÜREK 
BOYUAN CHEN 

BAILIN WANG 
NAJOUNG KIM 

JACOB ANDREAS 
YOON KIM       



2



2

∞

∑
n=1

n2

2n



2

∞

∑
n=1

n2

2n

∫
∞

−∞
e−x2dx



2

∞

∑
n=1

n2

2n

∫
∞

−∞
e−x2dx



2

∞

∑
n=1

n2

2n

∫
∞

−∞
e−x2dx

GPT-4 is so good at math!
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Linear-time algorithm 
for substring finding?

GPT-4 can code so well!
https://www.almabetter.com/bytes/articles/kmp-algorithm
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Herbert is 10 years younger than Kris. If Kris is 24 years old now, how old will Herbert be next year?

James writes a 3-page letter to 2 different friends twice a week. How many pages does he write a year?

Joy can read 8 pages of a book in 20 minutes. How many hours will it take her to read 120 pages?

John writes 20 pages a day. How long will it take him to write 3 books that are 400 pages each?
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9Brown et al. Language Models are Few-Shot Learners. NeurIPS 2020.
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Base-10 Base-9

default counterfactual

You are a mathematician. Assuming that all numbers are in base-9 
where the digits are "012345678", what is 27+62? Let’s think step by step.

ADDbase(a, b)
Starting from the trailing digits of  and , add them together. 
If greater than , carry over. 
Move on to the penultimate digit. 
…

a b
base
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Wait, I can’t do base-9 arithmetic easily either
• Under a fixed time budget, probably, but what if given unlimited time?

• Competence vs. performance

• Why calibrate using human performance?
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