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gist of the talk

• despite massive evidence of a strong predictive bias in the way speakers process 
word units, little is known about the specific mechanisms underlying this 
behaviour

• we offer here a computational model of the interaction between prediction-
driven word processing and morphological storage based on principles of 
discriminative learning

• the model provides a unifying account of speakers' exquisite sensitivity to 
word frequency, entropy/size of inflectional paradigms and 
gradient morphological structure
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background
models of prediction-driven processing
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approaches to prediction-driven processing

• Bayesian predictive approaches: humans learn about their environment by 
generating sensory data themselves and optimally matching their top-down 
expectations against bottom-up incoming sensory input (Clark 2015; Frith 2013; 
Hohwy 2013); accordingly, words that are easily predicted are easily processed 
(e.g. Norris 2006)

• non predictive approaches: the human processor does not measure how 
predictable an unseen word is expected to be, given its preceding context, but 
rather how easily a word can be integrated into its embedding sentence once it is 
encountered (Hale 2003; Levy 2008)
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a neuro-cognitive view

• the processes that allow the brain to entertain predictions about the incoming 
input implement principles of context-dependent probabilistic learning, neuro-
biologically mediated by Hebbian mechanisms of synaptic plasticity

• in processing an input word, sensory information initiates a concurrent activation 
of the nodes (neuron clusters) responding to the input; when activation spreads 
to the lexical level, more lexical candidates are co-activated and compete for 
recognition

• computationally, the distribution of weights on the incoming connections of 
a cluster of neurons is determined by the statistics of those neurons' recent 
history of stimulations
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computational modelling
recurrent topological networks
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Hebbian learning of a word tree
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Rescorla-Wagner equations p a r a d i g m a t i c
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entrenchment as node specialisation
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He > He + k

epoch = e + k
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learning bias: from word 
graphs to word trees
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an information-theoretic analysis 
of computational simulations
English, German, French, Spanish, Italian
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the data

• a pool of comparable 15 verb forms were sampled from the 50 top-
frequency verb paradigms of 5 languages (English, French, 
German, Spanish and Italian)

• recurrent neural networks were independently trained on each pool 
using:

• a uniform distribution (each form is presented 5 times per training epoch)

• a corpus-driven distribution (a skewed distribution reflecting token 
frequencies in real texts)

• only orthographic forms and frequencies were used for training, with no 
information about lexical exponents, paradigm cells, degrees of 
regularity or morphological boundaries
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probability, entropy 
and processing costs
• the rarer an event is, the more 

information it conveys, the more 
costly it is to process

• stem allomorphs are more costly to 
process, as the probability that a 
specific allomorph is selected given 
its paradigm is lower than 1
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morphological 
regularity and entropy
• categorical:

• regular verb paradigms show no stem 
allomorphy

• gradient, based on degrees of stem 
allomorphy:
• number of stem allomorphs: the 

more stem allomorphs in a 
paradigm, the less regular the 
paradigm

• entropy of their distribution: the 
more equiprobable stem allomorphs 
are in a paradigm, the more costly to 
process they are
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the quest for optimal 
processing units
• prediction rates increase by decreasing levels of 

pointwise entropy

• red lines (low H) include more or less early 
uniqueness points, where prediction rates start 
to peak

• blue lines (medium H) describe the typical 
situation of an inflection system, where less 
contrastive (more regular) forms mix up with 
more contrastive (less regular) ones, and 
prediction rates steadily increase as more of a 
word is processed

• green lines (high H) include highly combinatorial 
points, which are poorly discriminative as 
they are shared by many inflected forms
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morphological 
regularity and entropy

• network structure:
• entropy/surprisal peaks at morph-

boundary

• prediction-driven processing:
• processing prediction drops as a function 

of graded levels of regularity
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regularity-frequency 
interaction
• unsurprisingly, not all inflected forms 

are equally affected by frequency 
effects

• regular forms are marginally affected

• irregular forms are affected as a function 
of their graded levels of (ir)regularity: the 
more irregular a form is, the more 
prominent the influence of frequency on 
its processing
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discussion & conclusions
processing, memory and learning
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discriminative learning 
drives processing prediction
• word learning consists in discriminating between multiple 

cues that are constantly in competition for their 
predictive value for a given outcome (a stored lexical 
representation)

• competition proceeds through the continuous update of 
a cue’s predictive bias, as a function of the number of 
times the cue is seen (or not seen) be associated with the 
outcome, according to Hebbian principles of synaptic 
plasticity (and Rescorla-Wagner equations)

• this appears to model the dynamic competition of 
overlapping lexical memories, and provides a principled, 
unifying account of effects of lexical frequency and 
paradigm entropy/size on human word processing
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optimal processing/storage 
units
• the way lexical forms are "stored" by a recurrent 

neural network appears to be functional 
to a minimisation of processing uncertainty and 
a maximisation of discriminative efficiency, rather than 
of storage economy

• irregularly inflected forms fit well this bias, at the cost 
of being harder to learn (if they are not short and 
highly frequent)

• regularly inflected forms keep the entropy of an 
inflection system high, making the system open to new 
lexical entries
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… lexical wholes or parts?

• recurrent topological networks blur the computational divide 
between processing and storage

• being lexical representations just dedicated temporal chains of 
processing nodes, they are, in fact, routinized lexical processes

• but not all words are responded to by dedicated node chains
• a few of them are so (word trees)

• most medium-to-low frequency words are responded to by “blended” 
chains (word graphs)

• in blended chains, transitions between shared nodes are marked by 
levels of processing uncertainty that correlate with points of 
morphological discontinuity

• we believe morphological "parts" to correspond to graded levels of 
inflection regularity, ultimately reflecting speakers' awareness of 
morphological structure

• these "parts" are not epiphenomenal, but play a clear, measurable 
role in human word processing
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thanks!
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