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Cognitive processing is classically depicted as a sequence of discrete, non-overlapping stages, each con-
cluding before the next begins [1, 2]. Although cascading alternatives were proposed decades ago [3], most

mechanistic psycholinguistic theories and computational models rely on discrete stages (explicitly or implicitly).

I introduce the CoFlI reader, a novel cognitive model of (self-paced) reading grounded in a continuous-flow-of-
information framework [4]. The CoFIl reader assumes that visual, lexical, and syntactic/semantic information are
processed simultaneously across hierarchical layers. Information at each layer continuously accumulates from
the moment a word appears, and partial outputs from each stage immediately become available to subsequent
stages. Specifically, visual processing (v) begins shortly after word onset, rapidly providing spatial information
to a low-level lexical stage (f), which then continuously transmits partial outputs onward to the high-level syn-
tactic/semantic stage (g). The CoFIl reader incorporates a stochastic timer (k) governing when readers press a
button to reveal the next word. Information from the higher-level processing stage continuously feeds into this
timer, dynamically influencing the speed at which it reaches a threshold that triggers the motor response. Pro-
cessing difficulty at any stage, due to the characteristics of the current or preceding words, inhibits this timer
and directly prolongs reading times. Additionally, because each high-level processing stage integrates par-
tial information from both the current and preceding words, processing difficulty cascades forward, producing

spillover effects across multiple subsequent words (see Figure 1).

The model addresses two critical issues that complicate interpreting word-level reading times as straightforward
indices of processing difficulty, previously recognized in cognitive psychology [5]. (i) Observed latencies at
individual words (whether fixation durations or self-paced reaction times) are too short to accommodate all
serial processes that should occur if stages were strictly non-overlapping [6]. (ii) Spillover effects extending
beyond the current word are pervasive in both eye-tracking and self-paced reading paradigms. CoFl explains
both phenomena without relying on parafoveal preview mechanisms, unlike oculomotor control models such
as E-Z Reader or SWIFT [7, 8].

The framework is deliberately flexible: any variable hypothesized to influence processing can be mapped to the
accumulation rate of the relevant layer. In the implementation presented here, word frequency modulates the
low-level rate, and contextual surprisal modulates the high-level rate; both rates follow hierarchical log-normal

distributions, while the timer threshold follows a weakly stationary AR(1) process.

The model was fitted in a fully hierarchical Bayesian framework (using Stan) to a subset of a self-paced read-
ing corpus [9]. CoFl Reader captures the full sequence of word-level reading times to a reasonable extent,
despite somewhat overestimating their variability (Figure 3), as well as first- and second-order spillover effects
(Figure 2).

Together, these results demonstrate that a mechanistic model with a continuous-flow architecture can jointly
explain rapid reading times and spillover in the absence of parafoveal information, offering a principled compu-

tational alternative to stage-based models and a coherent link between cognitive processing and behavior.
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Figure 3: Each panel shows the observed RTs for a subject (black points, with smoothed conditional means
in red) together with the model's posterior predictive distributions based on the same data (grey points, with

smoothed conditional means in blue).
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