
 
Behavioural and neural responses provide a window  

into the information processing tasks carried out  
during language processing.

Artificial neural network language models can serve  
as computational simulations to operationalise  

quantitative, verifiable hypotheses.

 
Incremental alternative sampling models the comprehender as 

generating and evaluating alternative hypotheses about 
possible continuations of partial linguistic contexts.

    Highlights
✦ Incremental Alternative Sampling is a computational-level model of 

language comprehension.
✦ IAS can be operationalised using artificial neural network language 

models — both as generators and representation functions.
✦ IAS explicitly models prediction horizons and linguistic levels of 

representation (e.g., syntactic and semantic).
✦ IAS outperforms surprisal for human cloze probability, reading times,  

and N400.
✦ Next-token prediction in Transformer LMs encodes uncertainty over 

longer horizons and multiple levels of representation (see paper).
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N400

She  took  his  hand  and  kissed  it  fervently.
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How likely is the word 
‘kissed’ given its 

preceding context?  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She took his hand and said

w<t+1

saidwt
it would be alright

that she loved him

nothing for a moment
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Linear

LM as generator  
of contextual alternatives

LM as representation function  
(layer l activations)
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Predictive power of 
incremental information 
value across forecast 
horizons and 
representation layers, 
measured as the  
between each individual IAS 
model and a baseline that 
includes control variables as 
predictors. Language model: 
GPT-2 XL. Plus and minus 
symbols indicate the sign of 
the coefficient for incremental 
information value.
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IAS predicts predictability under the human language model.

Incremental information value

IAS predicts behavioural + neural signatures of processing effort.
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Predictive power of 
incremental information 
value for reading times  
and event-related brain 
potentials across forecast 
horizons and 
representation layers, 
measured as the  
between each individual IAS 
model and a baseline that 
includes control variables as 
predictors. Language model: 
GPT-2 Small. Plus and minus 
symbols indicate the sign of 
the coefficient for incremental 
information value, shown 
when significant according to 
ANOVA tests with Holm-
Bonferroni correction (family-
wise error rate ).
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α = 0.05
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Aligned 

de Varda et al. 2023 
Natural Stories 

Futrell et al. 2018

Incremental processing engages prediction across multiple  
temporal and representational resolutions.

Predictive power of 
the full IAS model  
(a linear mixture of 
incremental 
information value  
at all temporal and 
representational 
resolutions) vs. a 
surprisal model vs. a 
joint surprisal + IAS 
model, measured as  

 with respect to a 
baseline including only 
control predictors. 
Statistical significance 
labels according to 
ANOVA tests, with 
Holm-Bonferroni 
correction (family-wise 
error rate ).
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