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Verifying      and      at final token2

The Lookback Mechanism

Carla and Bob are working in a busy restaurant. To complete an 
order, Carla grabs an opaque cup and fills it with tea. Then Bob 
grabs another opaque bottle and fills it with water.
Question: What does Carla believe the cup contains?
Answer: tea

Carla and Bob are working in a busy restaurant. To complete an 
order, Bob grabs an opaque bottle and fills it with beer. Then 
Carla grabs another opaque cup and fills it with coffee. 
Question: What does Carla believe the cup contains?
Answer: coffee

Intervention 1: Answer Pointer (    ), Causal Model Output: beer
Intervention 2: Answer Payload (    ), Causal Model Output: tea 
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Verifying Visibility Lookback
Carla and Bob are working in a busy restaurant. To complete an 
order, Carla grabs an opaque cup and fills it with tea. Then Bob 
grabs another opaque bottle and fills it with water. Bob cannot 
observe Carla’s actions. Carla can observe Bob’s actions.
Question: What does Carla believe the cup contains?
Answer: tea

Karen and Max are working in a busy restaurant. To complete an 
order, Karen grabs an opaque flute and fills it with soda. Then 
Max grabs another opaque jar and fills it with coffee. Max cannot 
observe Karen’s actions. Karen cannot observe Max’s actions.
Question: What does Karen believe the jar contains? 
Answer: unknown

Intervention 1: Source (    ), Causal Model Output: coffee
Intervention 2: Payload (    ), Causal Model Output: coffee 

No Visibility

CausalToM Sample

➢ LLMs form ordering-based symbolic representations to encode important contextual 
information.

➢ They perform binding operations, using lookback mechanisms, on the symbolic representations.
➢ Rather than relying on memorization, LLMs appear to use a coherent algorithmic process to 

solve theory-of-mind tasks.

No Visibility Mechanism

With Visibility Mechanism

Layers

St
at

e1
 O

I

O
bj

ec
t1

 O
I

2C
ha

ra
ct

er
1 

O
I

C
ha

ra
ct

er
2 

O
I

2

coffee

Answer

50

40

30

20

10

(ii) Answer lookback
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(i) Binding lookback
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Instruction: …
Story: Bob and Carla are working in a busy restaurant. To 
complete an order, Bob grabs an opaque bottle and fills it with 
beer. Then Carla grabs another opaque cup and fills it with 
coffee.
Question: What does Bob believe the bottle contains?
Answer:
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Intervention 2: Address & Pointer (    ), Causal Model Output: coffee 
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(iii) Visibility lookback
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(i) Binding lookback
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