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LMs Are Powerful In-Context Reasoners

e Can perform in-context learning without new training

e Generalize to unseen tasks

Brown et al. 2020



Entity Binding is Necessary for Reasoning

Ann loves ale, Joe loves jam.
What does Ann |ove?
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LMs Rely on Position for Binding
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LMs Rely on Position for Binding
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LMs Rely on Position for Binding

-
e
b di
J 0

EEEER

KArTm aIe j(Ie jaTm Q:j\nn ?

Ann loves ale, Joe loves jam. What does Ann love?

Prakash et al. 2025

original

p
patch e
& &
T
;_o/ (S O)
HHEEE
o | o | O| @
\Joe Ann Q:Ann ? J
Joe loves , Ann loves pic. What does Ann love?
counterfactual

7



[s this always true?

The setup key limitations:
e Two models
e Single binding task
o Each entity group always has three entities
e Always query the last entity within a group

e Always two entity groups (N)



Evaluating with more entity groups

Patch Effects
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LLMs Mix Mechanisms

To bind entities, we find that [~
LMs rely on positional, lexical
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How The Mechanisms Interact

Binding in first and last entities is mainly positional, but
middle mixes lexical and
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Causal Model

e (reated a simple causal model predicting model behavior

I/z' -— Wypos * N(Z | iP, U(iP)z) + 'iUlex[iL] : 1{7' — ZLl + yref[iR] : 1{7' — ZRl
positionafx?mchanism lexical n:erchanism reflexive ?nrechanism
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Causal Model

e (reated a simple causal model predicting model behavior

e Achieved 95% agreement
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Causal Model

e (reated a simple causal model predicting model behavior
e Achieved 95% agreement

e Prevailing view achieved 44%

Yz' -— Wpos - N(Z | iPa U(iP)z) + 'iulex[iL] : 1{7' — ZLl + yref[iR] : 1{7' — ZRl
positionafr?mchanism lexical n?erchanism reflexive ?nrechanism
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Takeaways

e LMs struggle to rely on positional information for binding (lost in the middle)

e Thus LMs rely on three mechanisms for binding: positional, lexical and

reflexive.
e Findings are robust across 9 models (2B-72B params) and 10 binding tasks.
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