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● perturbing well-formed bracketings 
● varying distances between perturbed tokens

Minimal Pairs in Formal Language Models
● LMs do not tell you what is right, only what is likely

● Ubiquitous in evaluating linguistic skills of LMs
● Measuring log likelihoods at sequence level, or at a target 

token

Core Idea

●  Underspecification of bracket types
●  Mimic agreement in natural languages

●  Two bracket types (k=2), plus an underspecified bracket 
that can open and close any other bracket: 

 

Dyck-u: Ambiguous bracketing expressions

● Dyck-k bracketing expressions:         (1(1 )1(3(4 )4 )3 )1
● 3 versions: k ∈ {1,2,64} bracket types
● Hewitt et al. (2020) show that RNNs can and do learn 

these languages
● Much easier to learn when understanding sentence 

structure

Evaluating learning capabilities of formal 
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● All models struggle with long-distance dependencies, to 
different degrees

● GPST (Structure-inducing model) performs best throughout 
subsets

Results

● Transformers (Autoregressive and Masked)
● 3 Structure-inducing Language Models
● Small models (2M parameters), Big data (100M brackets)

Experimental Setup

Grammatical sentences should be more likely 
than ungrammatical counterparts

● All models struggle with long-distance dependencies, to 
different degrees

● GPST is best suited for learning this kind of data, identifying 
67% of gold constituents as brackets

Induced Trees


