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Background 

A key component of in-context reasoning is the ability of language models (LMs) to bind entities for later retrieval.

For example, an LM might represent Ann loves pie by binding Ann to pie, allowing it to later retrieve Ann when asked 

Who loves pie? 

Previous studies have suggested that Ann is retrieved based on its position in context.In this study, the authors found, 

as the number of bound entities in context increases, the positional mechanism becomes noisy and unreliable in middle 

positions.

Therefore, the author argues that language models employ additional mechanisms beyond the position mechanism to 

facilitate entity-to-entity binding.



Problem Setup 

➢ Entity Roles: Disjoint sets of entities E1, . . . , Em that will fill particular roles in a 

templatic text. For example, the set E1 might be names of people {Ann, Pete, Tim, . . . },

and the set E2 might be foods and drinks {ale, jam, pie, . . . }

➢ Entity Groups: An entity group is a tuple G ∈ E1×· · ·×Em containing entities that 

will be placed within the same clause in a template. For example, we could set G1 = (Pete, 

jam) and G2 = (Ann, pie). For convenience, we define G as a binding matrix wherein 𝐺𝑖
𝑗

denotes the j-th entity in the i-th entity group.

➢ A template (T ): A function that takes as input a binding matrix G, the query entity q = 

𝐺𝑞𝑔𝑟𝑜𝑢𝑝
𝑞𝑒𝑛𝑡𝑖𝑡𝑦, and the target entity t = 𝐺𝑞𝑔𝑟𝑜𝑢𝑝

𝑡𝑒𝑛𝑡𝑖𝑡𝑦, Here qgroup is a positional index of the entity group 

containing the target and query, and tentity = qentity index the positions of the target 

and query entities within that group, respectively



Counterfactual Verification Method 

Original Input G and Counterfactual Input G’：

Three mechanisms have acquired three distinct contents, 

leading to three different outcomes：

➢ The Positional Mechanism(P)：The counterfactual input 

informs the retrieval system that the result belongs to the 

second group (q'group=2). The residual stream retrieves (Joe 

loves jam → jam，qgroup=2) after processing the original 

input group.

➢ The Lexical Mechanism(L)：The counterfactual input group 

instructs the retriever to locate the group containing 

'Ann'.After intervention, the model retrieves the entity linked 

to Ann in the original input (Ann loves ale → ale).

➢ The Reflexive Mechanism(R): In the counterfactual input, the 

target entity is 'pie'. After intervention, the model checks 

whether 'pie' appears in the original input (Pete loves pie →

pie).



Residual Current Replacement

Left image: The y-axis shows the indices of 

three representative entity groups (first, 

middle, and last)

The experiment revealed that in layers 16-

18, the terminal labeling position carries 

binding information for retrieval.

Right image: The entity ∈ {1,2,3} indicates 

that each clause may involve any three 

entities.。The U-shaped curve is 

characterized by the fact that the first and 

last indices are more dependent on the 

position mechanism, while the middle 

indices are more dependent on the lexical 

mechanism and the reflexive mechanism.



Intermediate Frailty Effect of Position Mechanism



Validating Of The Reflexive Mechanism



Simple Model Simulation

Follow Pˆıslar et al. (2025) in 
combining together multiple causal 
models (P, L, R) into a single causal 
model M that modulates between the 
mechanisms conditional on the input.

Theodora-Mara Pˆıslar, Sara Magliacane, and Atticus Geiger. 

Combining causal models for more ac_x0002_curate abstractions of 

neural networks In Fourth Conference on Causal Learning and 

Reasoning,

2025



Introduction Free Form Text Into The Task
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