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Prediction-driven word processing defines the human ability to anticipate upcoming input words in
recognition [5]. From this perspective, input word forms need to be processed as quickly and efficiently
as possible. Under the reasonable assumption that spoken words are memorized and processed as word
trees (e.g. Marslen-Wilson’s “cohorts”), the larger the size of the cohort of an input word at a certain
point in time (and the later its uniqueness point), the harder and slower to process the word is [1]. Regu-
larly and irregularly inflected verb forms have different stem family sizes and different uniqueness points
[2]. Using a Recurrent Neural Network (RNN) as a computational model of the human lexical proces-
sor, we explore here how their distributional and structural properties may affect (optimal) processing
strategies. In a RNN, input words activate chains of processing nodes that are time-aligned by temporal
connections. The strength of temporal connections is a function of the frequency with which n-grams
of symbols appear in the input [2, 6]. A high-frequency n-gram recruits a specialized temporal chain of
processing nodes activated only by that n-gram (entrenchement). Conversely, a low-frequency n-gram
tends to activate some of the processing nodes activated by other, partially overlapping n-grams (blend-
ing). The processing dynamic of a RNN can be measured by the pointwise entropy (pH) of p(Cid n«), i.e.
the probability for a temporal connection Ci to leave node ni for node ni. More entrenched connections
score low on pH, reducing processing uncertainty. Blended connections increase pH. Ultimately, levels
of connectivity in a RNN reflect levels of entropy in the distribution of input items and affect the way
they are processed. We varied RNN input conditions along three dimensions: (i) language; (ii) type fre-
guency of input data; (iii) token frequency of input data. The way an input word is processed is measured
by the rate at which the network predicts an upcoming word symbol based on the already processed con-
text, or prediction rate (PR). Figure 1a illustrates how well a RNN serially predicts French, Italian and
Spanish verb forms administered to the network with a uniform distribution. Forms are grouped by the
size of their stem family (0, small, medium and large), a graded measure of inflectional regularity [2]).
Note that the nonlinear drop in PR at the stem-suffix boundary (MB = 0) in regulars (large stem family
size) diminishes with irregularly inflected forms (smaller stem family size). Variations of PR between
the two classes closely mirror the way pH decreases across regulars (R) vs. irregulars (1) (Figure 1b). In
fact, regularly inflected forms consist of recurrent patterns that are systematically repeated either within
a paradigm (e.g. stems), or across paradigms (affixes). The systematicity of these patterns makes their
processing cost low (as shown by the high levels of predictability in Figure 1a). However, their mor-
phological structure causes a word-internal drop in PR at the stem-suffix boundary, where the stem is
followed by many different suffixes. As to irregulars, their stem allomorphs are harder to discriminate as
they compete for the same processing units. Nonetheless, stems in irregularly inflected forms are more
selective about possibly ensuing inflectional endings, and the drop in the network’s PR gets smaller with
smaller stem families.
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Figure 1: Non-linear regression plots of (a) symbol prediction rates and (b) pointwise entropy fitted by the interaction effects

of stem family-size and the distance to stem-suffix boundary (MB=0), for French, Italian and Spanish.

Figure 2a shows how PR varies on average along a word being processed, with pH values being grouped
in low, medium and high bins. For low entropic values, prediction scores are high at word onsets, and get
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Figure 2: Linear regression plots (a) of symbol prediction rates fitted by the interaction effects of ranges of entropy levels (low,
medium, high H) and the distance to stem-suffix boundary (MB=0), for French, Italian and Spanish. Non-linear regression plots
(b) of symbol prediction rates fitted by the interaction effects of stem family-size (0, small, medium, large) and the distance to
stem-suffix boundary (MB=0) for French.

higher as more of the word is processed. This corresponds to a situation where we have a small lexicon
of highly selected non redundant lexical units. For high entropic values, prediction is nearly impossible:
word units are highly combinatorial and the resulting lexicon turns out to be chaotic. Medium entropic
values describe the typical situation of real inflection systems, where irregular items mix up with regular
ones. Figure 2b shows the impact of corpus-based distributions on PR for French verb forms. A skewed
distribution makes high-frequency forms easier to process, and low-frequency forms harder. Forms in
larger stem families are penalized (lower PR peaks at MB = 0), while isolated forms tend to be processed
more efficiently (higher PR peaks). Frequency has a levelling across the board effect on PR, narrowing
down the processing advantage of regulars over irregulars of Figure 1a. In the end, irregulars are pro-
cessed nearly as effectively as more regular items, due to the combined influence of high frequency [7],
short length [4] and lack of morphological structure.

To sum up, optimally functional words must comply with a cluster of information-theoretic properties
that affect the ways words are memorized, processed and learned. Accordingly, regulars and irregulars
are not categorially distinct. They appear to vary along a gradient of distributional and structural prop-
erties that modulate processing uncertainty in different ways. In the end, this is why speakers perceive
them differently, and linguistic analyses place considerable emphasis on their difference. Entropy sheds
light on their respective role in an inflection system. In fact, although regulars and irregulars score dif-
ferently along a cluster of quantitative dimensions, their overall entropy must be neither too high nor too
low. On the one hand, a too highly entropic communication code is chaotic: this is the case of a sys-
tem with too many, evenly distributed exceptions, or with too many unpredictable conjugation classes.
On the other hand, a too low entropic communication code is closed and unproductive. Optimally, the
lexicon of any language should contain a small pool of high-frequency irregulars and a long tail of low-
frequency regulars. In the end, this may boil down to a functional explanation of Zipf’s law, linking the
latter to well-known, discriminative properties of human memory, which have independently been
characterized as being well-adapted to how stimuli are distributed in the real world [3].
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