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Emergent Abilities

2



Emergent Abilities are a Mirage

Sharp and unpredictable changes are induced by researcher’s 
choice of metric. Model family’s per-token error rate changes 

smoothly, continuously, and predictable
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Part I: Intuition on emergent abilities

Part II: Empirically prove hypothesis InstructGPT/GPT-3

Part IV: Induce emergent abilities on vision models 

Part III: Meta-analysis of emergent abilities

4



Part I: Intuition on emergent abilities

Part II: Empirically prove hypothesis InstructGPT/GPT-3

Part IV: Induce emergent abilities on vision models 

Part III: Meta-analysis of emergent abilities

5



6



ℒ𝐶𝐸 𝑁 ≔ − ෍

𝑣∈𝑉

𝑝 𝑣 log Ƹ𝑝𝑁(𝑣) 

ℒ𝐶𝐸 𝑁 =
𝑁

𝐶

𝛼

ℒ𝐶𝐸 𝑁 = − log Ƹ𝑝𝑁 𝑣∗
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𝑁

Cross Entropy Loss

One-hot distribution
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ℒ𝐶𝐸 𝑁 = − log Ƹ𝑝𝑁 𝑣∗

𝑝𝑁(single token correct) = exp(−
𝑁

𝐶

𝛼

)
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Accuracy 𝑁

≈ 𝑝𝑁 single token correct num of tokens

= exp(−
𝑁

𝐶

𝛼

)𝐿

Token Edit Distance 𝑁

≈ 𝐿 ∙ 1 − 𝑝𝑁 single token correct

= 𝐿 ∙ (1 − exp(−
𝑁

𝐶

𝛼

)) 
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Multiple Choice Grade 𝑁

≈ ෍

𝑖=0

𝑛

1[𝑝 𝑣∗  > 𝑝(𝑣)]

Brier Score 𝑁

≈
1

𝑛
෍

𝑖=0

𝑛

( Ƹ𝑝(𝑣∗)  − 1[𝑣∗])
2
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Part II: Empirically prove hypothesis InstructGPT/GPT-3



Predictions

1. Emergent abilities disappear with different metrics. 
2. Emergent abilities disappear with better statistics.
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Predictions

• Emergent abilities appear with discontinuous/non-linear metrics.
• Emergent abilities disappear after changing metric. 
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% of Metrics with > 1 Model-Task 
Pair Exhibiting Emergent Abilities 

Metrics of Model-Task Pairs 
Exhibiting Emergent Abilities
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Shallow non-linear autoencoder for CIFAR100
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Transformer for classifying Omniglot characters 
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?? ?



BIG Benchmark
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GPT-4 Technical Report
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Are Emergent Abilities a Mirage?

30

Emergent abilities only occur 
with certain metrics.

Those metrics are the
ones that matter.



Are Emergent Abilities a Mirage?
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Plots have large jumps due
to log-scaled x-axis.

Linear scaling of x-axis 
also shows jumps.



Are Emergent Abilities a Mirage?
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X-axis is not sampled 
densely enough.

The trend cannot be 
extrapolated.



Discussion

Strengths:
• Multiple arguments to support 

their hypothesis.
• Clear explanation for 

unpredictable trends.

Weaknesses:
• Unpredictability of 

improvement. 
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Predictability and Surprise in LGM
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