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Abstract

Language comprehension is not only incremental but predictive: over the
past two decades, extensive evidence has shown that comprehenders do
not passively wait for linguistic input but anticipate words and structures
before they are encountered, thereby facilitating efficient comprehension.
While it is no longer surprising that prediction exists, important questions
remain about how it operates across different linguistic levels and population
groups. Research on second-language (L2) speakers has produced conflicting
findings, with some studies demonstrating predictive use of semantic,
morphosyntactic, or phonological cues, while others report reduced or
even absent anticipatory processing. Even less is known about prediction
in developmental dyslexia — very few studies to date have examined
whether individuals with dyslexia can anticipate upcoming linguistic input,
leaving this population strikingly under-represented in the literature.
Yet understanding prediction in dyslexia is crucial, as the condition is
characterised by persistent difficulties in phonological and morphological
processing, slower lexical retrieval, and differences in verbal working
memory. These factors may plausibly affect anticipatory processing not only

in reading but also in spoken language comprehension.

This dissertation addresses these gaps by investigating predictive
mechanisms at the semantic, morphosyntactic, and phonological levels,
comparing neurotypical L1 adults, i.e., adults without self-reported reading
or language impairments, with L2 speakers and adults with dyslexia.
Two visual-world eye-tracking studies were conducted. Experiment 1

(administered in Italian) comprised two parts: one testing anticipation



of a highly expectable target (contextual prediction) and its phonological
form, while the other examined the predictive use of grammatical gender
cues on the determiner. It was administered to native speakers of Tyrolean
who acquired Italian after the age of 3, alongside neurotypical L1 Italian
adults and adults with dyslexia. Experiment 2 (administered in English)
was a close replication of Ito and Husband (2017)), focusing on contextual,
semantic, and phonological prediction, and extended their study by
including second-language speakers and adults with dyslexia. In contrast
to Experiment 1, it also included a semantic competitor condition to test
whether semantically related alternatives of highly predictable targets

receive anticipatory activation.

Results revealed a consistent ability across all groups to anticipate a
single highly predictable target word. Beyond this, the strength and timing
of prediction varied across linguistic levels and participant groups. In
Experiment 1, L2 participants showed somewhat shallower target prediction
with similar onset timing to L1 controls, while individuals with dyslexia
displayed broadly preserved prediction. Although none of the groups
displayed anticipatory looks driven by grammatical gender cues, neurotypical
L1 and L2 readers showed a gender facilitation effect after word onset,
which was not observed in the dyslexia group. Importantly, there was no
evidence for phonological pre-activation in any group. In Experiment 2, all
groups anticipated the highly predictable target, but the semantic competitor
condition revealed selective spreading activation: only competitors that
shared semantic features with both the target and other words in the
preceding context attracted anticipatory looks, whereas competitors related
only to the target did not. Adults with dyslexia showed significantly delayed
initiation of competitor looks, while L2 speakers exhibited only a trend
towards slower semantic pre-activation. Again, no phonological competitor

effects emerged in predictable sentences.

These findings indicate that spreading activation from highly predictable
targets to semantically related but contextually implausible words is limited

and constrained by contextual relevance. The parallel absence of both

i



semantic and phonological competitor effects in highly predictable contexts
suggests that strong contextual support inhibits cohort competitors rather
than reflecting a general absence of phonological form pre-activation. This
pattern points to an efficient cognitive architecture that appears to strike
a balance between the benefits of anticipation and the costs of activating

contextually irrelevant alternatives.
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(zeneral Overview

This section provides a concise roadmap to the dissertation, outlining
its theoretical motivation, research aims, and organizational structure.
Understanding how humans comprehend language is one of the central
questions in psycholinguistics. A key component of this process is
prediction, which is broadly defined as the pre-activation of upcoming
linguistic information, i.e., words, forms, or structures, before it is
encountered (Altmann & Mirkovi¢, 2009; Huettig, [2015; Kuperberg &
Jaeger, 2016; Pickering & Gambi, 2018). Prediction is therefore understood
as an anticipatory mechanism that draws on information available in the
unfolding sentence to facilitate real-time comprehension. Over the past
couple of decades, research has largely moved beyond asking whether
prediction exists to exploring how it operates across linguistic levels (e.g.,

semantic, morphosyntactic, phonological) and who uses it most efficiently.

There are several critical questions in the prediction literature that remain
unresolved. First, evidence regarding phonological form prediction is mixed:
some studies have reported anticipatory activation of phonological form
of the target before its acoustic onset (DeLong et al., 2005; Ito et al.,
2018, [2020; Li & Qu, [2023; Li et al., 2022), whereas others found no
reliable pre-activation even in highly constraining contexts (Ito & Husband,
2017; Tto & Sakai, [2021; Nieuwland et al., 2018]). Second, evidence for
semantic competitor pre-activation is limited, with only a small set of studies
addressing whether listeners pre-activate concepts related to, but distinct
from, the most predictable word in context (Dijkgraaf et al., 2019; Ito &
Husband, 2017, Li & Qu, 2023; Li et al., 2022)). Third, research on prediction



in developmental dyslexia is strikingly limited. Existing work suggests
delayed or less efficient anticipatory processing in moderately constraining
contexts, where upcoming words are plausible but not highly expected,
and reduced use of grammatical cues (Engelhardt et al., 2021; Huettig
& Brouwer, 2015)), while phonological prediction in dyslexia has not yet
been systematically examined. This population is particularly informative
because dyslexia involves persistent difficulties in phonological awareness,
slower lexical and verbal processing (Georgiou et al., [2018; Hayiou-Thomas
et al., 2018; Lyon et al., 2003; Snowling et al., 2020)), all of which may
weaken predictive processing. Finally, prediction in second language (L.2)
speakers often depends on proficiency, exposure, and cue type (Kaan et
al., 2016; Pickering & Gambi, [2018; Tagliani et al., 2025), making L2
comprehension informative for examining how linguistic experience shapes
anticipatory mechanisms. Moreover, evidence suggests that L2 speakers
may weight linguistic cues differently than L1 speakers due to crosslinguistic
influence and differences in cue reliability across their languages (Kaan,
2014} Schlenter, 2023), leading to qualitatively different prediction patterns.
For instance, predictive cues that are absent or differently encoded in
the L1, i.e., grammatical gender, case marking, or morphophonological
agreement, may be less readily exploited during L2 processing (Dussias
et al., 2013; Hopp, 2013} Hopp & Lemmerth, 2018} Ito et al., 2024
Lew-Williams & Fernald, 2010; Mitsugi & Macwhinney, 2016|). Similarly,
reduced reading experience in individuals with dyslexia has been associated
with delays in anticipatory processing, though the mechanisms underlying
these delays remain debated (Engelhardt et al., [2021; Huettig & Brouwer,
2015). Taken together, adults with dyslexia and L2 speakers were selected for
this study because each group highlights different limitations on predictive
processing. While dyslexia provides a test case for examining whether
phonological and reading-related difficulties constrain prediction, L2 speakers
enable investigation of how reduced exposure, variable proficiency, and
cross-linguistic influence modulate anticipatory processing. By studying both
populations, this dissertation addresses whether prediction is a universal,

automatic mechanism or a resource-sensitive process that depends on



individual cognitive profiles and language experience.

In this dissertation, I aim to contribute to the current research by first
providing new insights into how prediction mechanisms function in adults
with developmental dyslexia and in L2 speakers during spoken language
comprehension; second, I address current debates about the linguistic levels
at which prediction occurs by examining semantic, morphosyntactic, and
phonological prediction, and by testing whether these levels are modulated
by L2 status or by reading-related difficulties (with a focus on developmental
dyslexia). Before presenting the empirical work, Chapter 1 provides the
theoretical background. It reviews models of spoken word recognition and
sentence processing, outlines current approaches to predictive processing,
and summarises the linguistic characteristics of the populations studied.
The empirical work consists of two visual-world eye-tracking studies. Both
experiments used the visual-world paradigm, in which participants listened
to sentences while viewing arrays of pictures, and their eye movements were
tracked to assess whether they anticipated upcoming linguistic input in real

time.

Experiment 1 (Italian), presented across Chapters [2[ and was
carried out at the Free University of Bozen-Bolzano, Italy, with L1 Italian
typical readers, L1 Italian readers with dyslexia, and L2 Italian speakers with
Tyrolean as their LlEl. The experiment consisted of two parts, administered

to the same participants within the same session:

o [zperiment 1 aEl (Chapter tested contextual prediction (anticipation
of a specific highly predictable lexical item based on sentence-level
constraints) and phonological-form prediction (pre-activation of the

sound form of contextually predicted word before its acoustic onset).

e FEzperiment 1b (Chapter [3) examined morphosyntactic prediction,

!The participants in this study are also bilinguals in the sense that they regularly use
both languages in everyday life. However, I use the term “L2 speakers’ throughout to
emphasize the acquisition-based distinction (Italian learned after L1 Tyrolean, typically
in formal educational settings) rather than simultaneous bilingual acquisition.

2Because Experiment 1 has two parts with the same participants run in a single session,
I refer to them as fa and 1b rather than as separate experiments.



specifically whether anticipatory eye movements are guided by the
grammatical gender information encoded in Italian determiners. The
chapter also considers the potential influence of cross-linguistic gender

congruency between Italian and Tyrolean in L2 speakers.

Experiment 2 (English) presented in Chapter {4, was conducted at
the University of East Anglia, UK, and closely replicated and extended Ito
and Husband (2017)). Three participant groups were tested: L1 English
typical readers, L1 English readers with dyslexia, and L2 English speakers
with Romance Lls (Italian, Spanish, French, Portuguese, or Romanian).
Like Experiment 1, it examined contextual prediction, phonological-form
prediction, and additionally included semantic-competitor pre-activation
(pre-activation of items semantically related to the highly predictable target).
English does not have a system of nominal gender agreement on determiners;
therefore, morphosyntactic prediction via grammatical gender was not

examined in this experiment.

Although the experiments differed in their implementation, both studies
were designed to investigate the same questions: whether listeners anticipate
upcoming linguistic input, and whether this ability varies across populations
and linguistic levels. Finally, Chapter offers a general discussion
integrating findings across experiments, theoretical implications, and
outlines the study’s limitations along with directions for future research.
The Appendices provide experimental materials, statistical outputs, and

correlation analyses.



Chapter 1

Spoken Language Comprehension
and Predictive Processing: From

Recognition to Anticipation

1.1 Theoretical Foundations of Spoken Word

Recognition and Sentence Processing

Understanding spoken language is an extraordinary cognitive feat. From a
stream of rapidly unfolding sounds, proficient listeners are able to identify
words, map them onto stored knowledge, and build a coherent interpretation
of sentences and discourse. This ability is far from trivial: unlike written
language, which clearly separates words with spaces, the speech signal is
continuous, highly variable across speakers and contexts, and lacks clear
boundaries between words (see overviews in Dahan and Magnuson 2006;
Huettig 2015). Yet human listeners achieve recognition with remarkable

speed and accuracy.

Over the past several decades, researchers across linguistics, psychology,
neuroscience, and computer science have been trying to unravel the

mechanisms behind this phenomenal capability of humans by developing a



range of theoretical models to explain how this is possible. These approaches
differ in the weight they assign to bottom-up processes, which start with the
acoustic signal and build upward toward higher-level 1"epresentati0nsE|7 and
top-down processes, in which prior knowledge and context shape perception
from the start. Bottom-up approaches emphasize the role of the input
itself, while top-down approaches stress the influence of expectations, lexical
knowledge, and contextual cues. Most contemporary models adopt an
interactive perspective, assuming bidirectional information flow between
perceptual and lexical levels, whereby information can move both bottom-up
(from lower to higher processing levels) and top-down (from higher to lower
levels)(see Jackendoff, 2007; Magnuson et al., 2018; Mcclelland et al., 2006;
McClelland & Elman, (1986)).

The following sections trace the evolution of these ideas. I begin with
traditional, largely bottom-up accounts of speech perception and spoken word
recognition, then turn to models emphasizing interactivity between multiple
sources of information. Finally, I review models of sentence processing,
where similar debates about modular versus constraint-based architectures
occur, shedding light on our understanding of how words are combined into

meaningful structures.

1.1.1 Spoken Word Recognition: From Bottom-Up to
Interactive Models
To comprehend speech, listeners must retrieve words from their mental

lexicon, the store of long-term knowledge about word forms and meanings,

and map the acoustic signal onto discrete linguistic units that can be

In cognitive and psycholinguistic models, representations refer to mental encodings
of linguistic information at different levels of abstraction. They can be conceived
as stored or activated patterns corresponding to phonological forms, lexical entries,
semantic features, or conceptual knowledge, organized within networks in which activation
can spread between related nodes (Collins & Loftus, [1975; Dell, [1986; Levelt, |1989).
“Lower-level” representations correspond to more perceptual and form-based information
such as phonetic or phonological detail, while “higher-level” representations correspond to
more abstract structures such as syntactic, semantic, or discourse-level information that
integrate meaning and context.



identified as words. However, comprehension does not end there: listeners
must also access the meanings of these words and integrate them into
higher-level syntactic and semantic representations. Spoken word recognition
therefore provides a bridge between low-level perception and higher-order
cognitive operations of retrieval, parsing, and interpretation (Dahan &
Magnuson, 2006, p. 249).

Early approaches to language processing were often conceived as serial
stage models, in which comprehension and production were divided into
distinct steps occurring one at a time (Fromkin, [1971). Applied to speech
perception, this meant that recognition was assumed to proceed in a strictly
bottom-up fashion: processing began with the raw sound signal, which was
incrementally analyzed into phonetic segments (such as [p] or [a]), then
assembled into larger phonological forms, and only then recognized as words
with meaning. Each level of processing was thought to be completed before
the next began, with little or no influence from higher-level knowledge
(Carroll, 2008; D. Pisoni & Levi, 2005; D. B. Pisoni & Levi, [2012)).

However, bottom-up accounts that view speech as a linear string face
several challenges. First, co-articulation, or context-conditioned variability,
means that the pronunciation of a sound depends heavily on its phonetic
environment: the /t/ in ten sounds different from the /t/ in better or intact.
Second, the problem of speech segmentation arises because the acoustic
signal is continuous, with few reliable breaks between words. To a listener
unfamiliar with a language, the input can sound like an undifferentiated
stream.  Moreover, restricting models to low-level perceptual decoding
leaves unexplained how listeners access lexical representations, select among
competitors, and integrate recognized words into syntactic and semantic
structures to construct coherent meaning. For example, many spoken words
are phonemically embedded within others (for example, part, art, men, and
ment within apartment), making it impossible to determine word boundaries
based solely on a discrete sequence of phonemes. Successful recognition
therefore requires sensitivity to fine-grained subphonemic cues, such as subtle

durational and coarticulatory differences, that signal whether a syllable



belongs to an independent word or forms part of a longer one (Dahan &
Magnuson, 2006). These characteristics make it difficult to imagine how
speech could be segmented and decoded purely from the acoustic input
alone, without the combined influence of subphonemic detail, contextual

information, and higher-level linguistic constraints.

In response, researchers began to emphasize the role of top-down
and interactive processes. These are mechanisms by which higher-level
information, such as context, word frequency, or semantic plausibility,
guides recognition from the outset. Rather than treating perception and
comprehension as isolated stages, interactive accounts propose continuous
bidirectional information flow between acoustic, lexical, and structural levels
of representation (Dahan & Magnuson, [2006). For example, listeners may
identify a word’s meaning before all of its sounds have been processed,
using contextual cues to fill in the gaps (Balota, [1990; D. Pisoni & Levi,
2005). In this sense, top-down mechanisms complement bottom-up analysis:
the acoustic signal provides accuracy, whereas contextual and linguistic
knowledge ensure efficiency and flexibility in dealing with variability and
ambiguity. Thus, modern theories generally assume that word recognition

involves some balance of both.

In what follows, I distinguish between two broad classes of models
that capture this historical and conceptual shift. The Cohort Model
(Marslen-Wilson & Welsh, [1978) and the Neighborhood Activation Model
(NAM) (Luce & Pisoni, [1998)) represent primarily bottom-up accounts in
which lexical candidates are activated and compete as the speech signal
unfolds, though competition itself introduces dynamic selection processes
beyond simple feed-forward decoding. Interactive and connectionist models,
in contrast, extend these principles by allowing bidirectional information flow
and parallel activation across multiple representational levels (Magnuson et
al., 2018; Mcclelland et al., 2006; McClelland & Elman, 1986)). This division
highlights the field’s evolution from relatively autonomous bottom-up
processing with lexical competition toward fully interactive frameworks of

spoken word recognition.



Cohort and Neighborhood Models. In the late 20th century,
Marslen-Wilson and Welsh (1978) proposed one of the first influential
alternatives to purely serial, feed-forward accounts - the Cohort Model.
While still largely bottom-up in architecture, it proposed that word
recognition unfolds incrementally as the speech signal arrives, with
activation and competition among lexical candidates driving comprehension
beyond simple phoneme identification. The model assumes that when a
listener hears the beginning of a word, it activates a “cohort” of lexical
candidates that share the same onset. As the acoustic signal unfolds,
candidates that no longer match are gradually eliminated until only one
remains, at which point recognition occurs. A central concept is the
uniqueness point - the moment when the input provides enough information
to identify a word uniquely in the lexicon. For example, the word trespass
can only be uniquely identified at the /p/ sound, where it diverges from
competitors such as tress or trestle; in context, however, recognition
may occur earlier if these competitors are syntactically or semantically
excluded (see Marslen-Wilson, [1987). Evidence for the Cohort Model
came from gating tasks (Grosjean, |1980), where listeners are presented
with increasingly larger audio fragments of a word and asked to guess the
word after each fragment. Results showed that recognition often occurred
before the entire word was heard, consistent with the idea of incremental
narrowing. Subsequent work built on the Cohort Model to examine whether
contextual information could constrain lexical activation from the earliest
moments of processing. Some studies, such as Grosjean (1980), found
evidence for contextual preselection, suggesting that semantic or discourse
cues can restrict the initial cohort (i.e., the set of lexical candidates that
share the same onset and are temporarily activated when a word begins)
even before full bottom-up information becomes available. In contrast,
Tyler (1984) argued that the cohort is generated purely bottom-up and that
context exerts its influence only later, by suppressing candidates that are
inconsistent with the developing interpretation. These findings opened an
important line of research on the timing of contextual effects, foreshadowing

later debates about interactivity in spoken-word recognition.



A related but distinct account is the Neighborhood Activation Model
(NAM) (Luce & Pisoni, |[1998). Whereas the Cohort Model focuses on words
that overlap at onset, NAM emphasizes that recognition involves competition
among all words that are phonologically similar to the target, regardless
of position. It formalizes lexical competition statistically, proposing that
recognition speed and accuracy depend on both the frequency of the target
word and the density of its phonological neighborhood. Words with many
high-frequency neighbors are harder to recognize than words with sparse

neighborhoods because competition among candidates is stronger.

Both the Cohort Model and NAM played a crucial role in shifting attention
away from strictly serial, bottom-up accounts. Although both remain
primarily bottom-up in architecture, they introduced key dynamic principles
— incremental activation, competition, and graded lexical access — that
challenged the view of recognition as a simple left-to-right decoding process.
The two models differ in their assumptions: the Cohort Model describes
recognition as the progressive elimination of onset-based candidates, while
NAM proposes continuous competition among all phonologically similar
neighbors. Despite these differences, both highlight the dynamic nature of
word recognition, paving the way for frameworks that would explicitly model
bidirectional information flow between levels of representation (Mcclelland et
al., [2006; McQueen et al., 2003]).

Interactive and Connectionist Models. Building on the insights of the
Cohort and Neighborhood Activation Models, later approaches emphasized
that multiple levels of representation can be activated in parallel and
influence each other dynamically. These are often referred to as interactive

or connectionist models.

The most influential of these is the TRACE model (McClelland &
Elman, [1986)), which implemented the interactive activation framework
computationally to see how well it accounts for psychological data on
human speech perception. In TRACE, different layers of processing units

represent acoustic—phonetic features, phonemes, and words. There is
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constant interaction between the levels of representation. Activation spreads
upward from features to phonemes and words, while feedback allows higher
levels to influence lower levels, inhibiting competing word units until only one
word is left active, which is the word recognized by the system. Empirical
support for these dynamics came from the visual world eye-tracking study
by Allopenna et al. (1998). Participants heard instructions such as “Pick up
the beaker” while viewing a display with four objects: the target (beaker), a
cohort competitor (beetle), a rhyme competitor (speaker), and an unrelated
distractor (carriage). Eye movements showed that listeners briefly looked
not only at the cohort competitor but also at the rhyme competitor, even
though it overlapped with the target only at the end. This was the
first demonstration of rhyme activation during spoken word recognition,
indicating that lexical candidates do not need to share onsets to become
active. Such findings are well explained by TRACE, in which activation can
spread throughout the network and allow multiple candidates to compete

dynamically as the signal unfolds.

Other models further developed the idea of continuous, overlapping
activation. In continuous cascaded models, language processing happens
in a cascade - information flows forward to the next processing stage before
the earlier stage has fully completed, allowing partial activation to influence
higher-level representations, e.g., from the prelexical level of word-form
representations to the word meanings (McQueen et al., |2003). This view
contrasts with strictly serial accounts, in which each stage must finish
before the next begins. Cascade models provide a more flexible account
of incremental recognition, where listeners can begin integrating information
about meaning before all of a word’s sounds have been processed (McQueen
et al., 2003)). Interestingly, the cascade principle also applies to picture
recognition, where the flow of information is reversed: visual features activate

semantic representations, which in turn can influence phonological codes

(Huettig & McQueen, 2007)).

A broader theoretical perspective on interactivity within language

processing is offered by the Parallel Architecture (PA) proposed by
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Jackendoff (2007). While the models discussed above focus primarily on
the mechanisms of spoken word recognition, PA provides a more general
framework for understanding how linguistic information is represented and
integrated across multiple levels of analysis. It assumes that phonology,
syntax, and semantics constitute independent but interconnected systems,
each governed by its own principles and linked through interface rules that
allow information to flow bidirectionally between levels. This organization
contrasts with traditional generative models, which treated syntax as
the single generative core from which sound and meaning were derived.
Figure[I.T]illustrates the Parallel Architecture framework, in which the three
generative components, phonology, syntax, and semantics, are connected
by interface mappings that support the dynamic exchange of information

across levels during language processing.

Phonological Syntactic Semantic
Formation Rules Formation Rules Formation Rules
auditory

inpul\

Phonological Syntactic Semantic other

/ Structure Structure Structure * % systems

motor /
output Interface Interface

Figure 1.1: Schematic illustration of the Parallel Architecture framework. Note. From
Jackendoff, R. (2007). A Parallel Architecture perspective on language processing. Brain
Research, 1146, 2-22. (C) 2007 Elsevier B.V. Reproduced with permission from Elsevier.

Together, these frameworks capture the mechanisms of word recognition
and the interplay among representational levels. A separate line of research
has focused on how listeners build syntactic and semantic structures at the

sentence level during comprehension.

1.1.2 Models of Sentence Processing

Beyond word recognition, comprehension also requires listeners to construct
and revise sentence structures in real time. Models of sentence processing

explain how people resolve structural ambiguity, integrate multiple sources of

12



information, and arrive at coherent interpretations as speech unfolds. This is
central to understanding the balance between serial and parallel processing

and the role of context in shaping comprehension.

To parse a sentence means to determine its syntactic structure by
breaking it down into constituents, such as nouns, verbs, and modifiers,
and establishing how they are related to each other. This process of
how we comprehend language seems to be effortless, but some sentence
structures are harder to process than others.  Because language is
inherently ambiguous, comprehenders do not always arrive at the intended
interpretation immediately. The cost of this ambiguity is that the parser
can make mistakes, sometimes committing to an analysis that later proves
incorrect. A well-known example of such temporary misanalysis is the

garden-path effect. Consider the following sentence fragments:

(1a) The journalist informed about the new policy. . .
(1b) ...shocked the readers.

(1c) The journalist who was informed about the new policy shocked the

readers.

In (1a), the first part of the sentence is structurally ambiguous: the verb
informed can initially be misinterpreted as the main verb of the sentence.
Processing difficulty arises when the continuation (1b) is encountered, forcing
a reanalysis in which informed about the new policy is understood as part
of a reduced relative clause. By contrast, in (lc) the relative pronoun
who removes the ambiguity and no reanalysis is required. This processing
difficulty is due to the less frequent syntactic interpretation (reduced relative
clause vs. main clause). Figures and illustrate the two competing
syntactic structures. Figure shows the initial, garden-path analysis,
where informed is parsed as the main verb. Figure|l.2b[shows the reanalyzed
structure, in which shocked the readers is correctly identified as the main
verb phrase, and informed about the new policy is parsed as part of a

relative clause. Early theories proposed that such garden-path effects arise
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(a) Initial parse (garden-path analysis).

S
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NP VP shocked the readers
_-.-‘-\_- ____.-""'—-_‘-_____
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| | I
The journalist informed about the new policy

(b) Revised parse (reanalysis with relative clause).

Figure 1.2: Alternative syntactic structures for the sentence “The journalist who was
informed about the new policy shocked the readers.” (a) The initial parse misinterprets
informed as the main verb. (b) The revised parse identifies shocked the readers as the
main verb phrase, with informed about the new policy forming a relative clause.

because the sentence processor is modular and serial. According to the
classic Garden Path theory (Frazier, 1979), the parser initially constructs
a single syntactic structure using minimal syntactic information, guided
by principles such as Minimal Attachment and Late Closure, which favor
the simplest and most local syntactic structure possible. In this two-stage
model, syntactic processing occurs first and autonomously, and semantic
or contextual information can influence comprehension only later, during
reanalysis. Thus, according to this approach, reduced relative clauses,

7

such as “The journalist informed about the new policy...” are initially
misinterpreted because the parser favors the simplest structural attachment

before considering plausibility or context.

Constraint-based models (MacDonald et al., 1994; Tanenhaus &
Trueswell, |1995; Trueswell et al., [1994)), in contrast to serial syntax-first

models, assume that multiple syntactic interpretations are activated
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in parallel, and that their probabilities are continuously updated by
weighted constraints. These constraints derive from lexical frequency,
thematic plausibility, prosodic and discourse factors, and even non-linguistic
information such as visual context (Pickering & Gompel, 2006). In this
view, sentence processing is not modular and syntax-first, but rather
interactive and probabilistic from the outset. Parsing decisions reflect
graded competition among alternatives, and comprehension emerges as the

most highly weighted analysis wins.

Already in the late 1990s and early 2000s, a series of visual-world
eye-tracking studiesﬂ demonstrated that syntactic and semantic
interpretation are continuously influenced by the surrounding visual or
situational context (Spivey, |2002; Tanenhaus & Trueswell, |1995). A classic
demonstration of this principle is the eye-tracking study by Tanenhaus and
Trueswell (1995). In this paradigm, participants hear spoken sentences
while viewing a visual scene, and their eye movements to objects are
tracked. Because eye movements are time-locked to the unfolding speech,
anticipatory looks provide a sensitive index of prediction before the relevant
word is heard. In their study, participants heard temporarily ambiguous
instructions such as “Put the apple on the towel in the box” while viewing
a display containing objects arranged in different ways. The prepositional
phrase on the towel could be interpreted as either a current location of
the apple (NP-attachment) or a destination (VP-attachment). In one
version of the display, when only one apple was present (Figure left),
listeners often misinterpreted on the towel as a destination, consistent with
a garden-path analysis. But when two apples were present (one on a towel,
one on a napkin, see Figure , right), eye-movement patterns showed that
listeners immediately used the visual context to interpret on the towel as
a modifier, correctly identifying which apple was meant. These findings

demonstrate that comprehenders integrate linguistic input with visual

2The visual world paradigm (VWP) is a method in which participants’ eye movements
are tracked as they listen to spoken sentences while viewing a visual display. Because
eye movements are time-locked to the unfolding speech signal, they provide a sensitive,
real-time measure of linguistic processing and anticipatory prediction (Cooper, |1974])
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information in real-time to guide syntactic decisions, challenging the idea of

an encapsulated syntactic module.

“Put the apple on the towel in the box” “Put the apple on the towel in the box.”
, . : . ; A‘ ; B . 'C ] D — N A B | C >
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
“Put the apple that's on the towel in the box.” “Put the apple that's on the towel in the box.”
A’ B' g A B c o
0 500 1000 1500 2000 2500 " 0 500 1000 1500 2000 2500 o
Time (ms) Time (ms)

Figure 1.3: Experimental displays and eye-movement patterns. Note. From Tanenhaus,
M. K., Spivey-Knowlton, M. J., Eberhard, K. M., & Sedivy, J. C. (1995). Integration of
visual and linguistic information in spoken language comprehension. Science, 268 (5217),
1632-1634. (© 1995 American Association for the Advancement of Science. Reproduced
with permission from AAAS.

Subsequent work extended this principle to even richer situational
constraints. In two experiments, Chambers et al. (2004)) tracked listeners’
eye movements while they followed instructions with temporary syntactic
ambiguities, such as “Pour the egg in the bowl over the flour.” The
affordances of candidate referent objects were manipulated: sometimes
both eggs in the display were liquid and could be poured, while other
times only one egg was in liquid form (see Figure . The results showed
that syntactic decisions depended on whether multiple action-compatible
referents were available. When only one egg could be poured, listeners were
“garden-pathed” into misinterpreting n the bowl as a goal phrase. But
when two pourable eggs were present, this misinterpretation disappeared, as
listeners instead treated in the bowl as a modifier to identify the intended
egg. According to these findings parsing decisions are guided not only by
linguistic information but also by situation-specific affordances relevant to

achieving the described action.
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P e N
A B
Figure 1.4: Experimental displays illustrating the manipulation of action affordances
in syntactic ambiguity resolution. Note. From Chambers, C. G., Tanenhaus, M. K.,
& Magnuson, J. S. (2004). Actions and affordances in syntactic ambiguity resolution.

Journal of Experimental Psychology: Learning, Memory, and Cognition, 30(3), 687—696.
(©) 2004 American Psychological Association. Reproduced with permission.

Overall, these visual-world studies provided compelling real-time evidence
against strongly modular accounts of sentence processing. Their findings
illustrate that comprehension involves the continuous integration of multiple
constraints, including lexical, semantic, visual, and pragmatic, from the
earliest moments of processing, indicating that language comprehension
cannot be explained by an autonomous, syntax-first mechanism but
instead involves dynamic interaction among linguistic and non-linguistic

representations.

While constraint-based accounts emphasize the integration of multiple
probabilistic cues, other perspectives argue that comprehenders do not
always construct fully detailed syntactic representations and sometimes rely
on less detailed analyses. According to the “good enough” approach,
parsing may rely on surface-level or heuristic interpretations that suffice
for communication, even if they do not fully resolve structural ambiguities
(Ferreira et al., 2002). This approach explains why listeners sometimes
accept semantically plausible but structurally incorrect interpretations (e.g.,
“The dog was bitten by the man”), suggesting that comprehension balances

efficiency with accuracy.

As shown above, constraint-based models of sentence processing have
been highly influential in demonstrating that linguistic interpretation is
incremental and immediately sensitive to visual context. These accounts
establish that visual information can act as a powerful constraint on

interpretation from the earliest moments of processing. At the same time,
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much of this work has focused on object-based reference resolution and spatial
relations, leaving more open questions about how information about depicted

events and actions is selected and integrated as the utterance unfolds in time.

A broader theoretical perspective that builds on these insights is
offered by the Coordinated Interplay Account (CIA) proposed
by Knoeferle and Crocker (2006, 2007). While constraint-based models
emphasize the weighting of multiple probabilistic cues when alternative
interpretations compete, the CIA specifies a mechanism by which linguistic
input dynamically coordinates visual attention, allowing information from
the scene to constrain interpretation precisely when it becomes linguistically
relevant.  Moreover, visual context is not assumed to be uniformly
available at all times; instead, the unfolding utterance (particularly verbs)
licenses which aspects of the scene become informative for interpretation.
Conceptually, the CIA assumes that different aspects of comprehension
operate in parallel and overlap in time, rather than unfolding in a strict
step-by-step sequence. These include (i) sentence interpretation, which
builds meaning and generates expectations from linguistic input, (ii)
utterance-mediated allocation of visual attention to relevant scene elements,
and (iii) scene integration, which reconciles linguistic interpretations with
visual information. The account assumes bidirectional information flow:
linguistic input guides visual attention (as when hearing “the apple” directs
gaze toward depicted apples), while visual context can inform and revise
linguistic interpretation (as when depicted events help resolve syntactic

ambiguities before linguistic cues fully disambiguate).

To further incorporate variability across comprehenders and contexts,
Miinster and Knoeferle (2018) extended the CIA into the social
Coordinated Interplay Account (sCIA). The sCIA captures both
biological characteristics (e.g., age, working memory) and experiential
characteristics (e.g., literacy, language proficiency, cultural knowledge),
as well as socially interpreted contextual cues such as speaker voice,
facial expressions, or gaze. These factors are assumed to modulate the

strength and timing with which linguistic and visual information interact
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during comprehension. Thus, the sCIA provides a unifying framework for
interpreting existing findings. For example, evidence that emotional state
modulates the strength of expectancy-based processing (Van Berkum et al.,
2013) can be understood as reflecting differences in how comprehender
characteristics shape the coordination between linguistic input and
contextual information. Similarly, socially driven expectation violations,
such as increased processing difficulty when “Every evening I drink some
wine” is spoken in a child’s voice (Van Berkum et al., 2008), illustrate how
socially interpreted cues can rapidly interact with linguistic expectations.
By integrating comprehender characteristics and social context into a
real-time processing framework, the sCIA provides theoretical grounding for
examining how individual differences in reading ability, cognitive resources,

and language experience may modulate spoken language processing.

The theoretical landscape surveyed in this section reveals a broad
convergence toward interactive, constraint-based accounts of spoken
language comprehension.  Across both word recognition and sentence
processing, the evidence favors frameworks in which multiple sources of
information, such as acoustic, lexical, syntactic, semantic, and contextual,
are integrated in parallel and in real time, rather than being processed
serially or in encapsulated stages. Several theoretical frameworks are of
particular relevance to the present work. At the word recognition level, the
TRACE model and the Parallel Architecture provide the representational
foundations for understanding how activation spreads across phonological,
lexical, and semantic levels, and how this spreading activation can give rise
to anticipatory effects. At the sentence level, constraint-based models and,
more specifically, the Coordinated Interplay Account and its social extension
(sCIA) establish that comprehension is immediately and continuously
shaped by visual context, individual characteristics, and social information,
providing the theoretical grounding for examining how populations with
different linguistic profiles engage in predictive processing. Taken together,
these frameworks motivate a view of comprehension as a fundamentally

predictive process: one in which prior knowledge and context pre-activate
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upcoming linguistic representations across multiple levels. The following
section turns directly to this question, examining what prediction is, why

and how it occurs.

1.2 Prediction in Language Processing:

General Perspectives

In recent decades, prediction has become a central concept not only in
psycholinguistics but across the cognitive sciences more broadly. The idea
that the human brain functions as a “predictive machine” has been applied
to perception, action, memory, and decision-making (Bar, 2007; Clark, 2013;
Friston, |2010). Within this view, the mind continuously generates hypotheses
about future states of the environment and updates these hypotheses
based on sensory input. Language processing provides a particularly rich
framework for these ideas because comprehension unfolds incrementally over
time, offering many opportunities to observe how prior knowledge shapes
expectations about upcoming material. Contextual constraint is typically
indexed via cloze probability (CP) - the proportion of participants in a
norming study who produce a given continuation to a sentence (Taylor,|1953).
Higher cloze is associated with processing facilitation on expected words,
reflected in faster behavioral responses (e.g., shorter reading or listening
times) and in reduced neural responses to semantic processing difficulty
(DeLong et al., [2005; Kutas & Federmeier, |2011; Kutas & Hillyard, |1984;
Rayner & Well, |1996; Staub et al., [2015; Wlotko & Federmeier, [2012). Thus,
most of the empirical literature on prediction is based on this operational

link between contextual expectancy and facilitation.

1.2.1 What is Prediction?

Building on the incremental and interactive view of language processing
outlined above, prediction is typically operationalized as the pre-activation
of linguistic representations, ranging from general semantic features to

syntactic structures and fine-grained phonological forms, prior to the arrival
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of corresponding bottom-up input (Kuperberg & Jaeger, 2016; Pickering &
Gambi, 2018} Van Petten & Luka, 2012).

A commonly drawn contrast is with priming. In its classic formulation,
priming refers to facilitation arising from prior exposure, often via automatic
spreading activation from a presented item to related items (e.g., the word
salt activating pepper) (Neely & Kahan, 2001) and is typically described as
fast and automatic. On this view, prediction is a context-driven mechanism
that generates expectancies at the level of discourse message, whereas
priming is a stimulus-triggered associative phenomenon (Otten & Van
Berkum, 2008). Pickering and Gambi (2018)), for instance, explicitly treat
classic spreading-activation priming as a form of “prediction-by-association”
(e.g., king pre-activating queen/thing) while distinguishing it from more
structured routes that can yield more specific and longer-lived pre-activation

(“prediction-by-production”), further discussed in section |1.2.3]

However, as Huettig (2025|) argues, this dichotomy is often overstated.
He notes that researchers sometimes appeal to a heuristic contrast that
priming is short-lived “implicit memory” and prediction is longer-lasting,
deliberate expectancy, even though the empirical record contains many
counterexamples, including long-lasting priming effects. These “fussy”
distinctions make it difficult to determine whether specific facilitatory
effects should be attributed to one or the other. Huettig (2025)) therefore
recommends an inclusive definition that treats prediction as “the conscious or
subconscious use of information from previous experiences for the conscious
or subconscious processing of information about future states of the body
and environment” (p. 16). This inclusive stance does not deny that some
facilitation occurs at the level of integration (i.e., only when the target
arrives is incoming material combined with context for easier comprehension).
Rather, it highlights that, in many cases, priming and contextual prediction
are hard to disentangle and may even reflect different stages or routes of
a single process. Pickering and Gambi (2018) also do not exclude that
spreading activation (“prediction-by-association”) may constitute the initial

semantic phase of “prediction-by-production”, consistent with the idea that
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production and comprehension share a semantic network.

In the present work, I follow Huettig (2025) and adopt an inclusive
definition of prediction: any prospective use of prior experience to process
future input. This definition encompasses both automatic, short-lived
effects and deliberate, context-driven expectations, unified by their
forward-looking pre-activation of upcoming linguistic representations.
Empirically, facilitation can occur both before and after the relevant input.
However, only the former — effects that happen prior to or at the onset
of the expected material, which can be detected through anticipatory
eye movements, early neural responses, or other time-sensitive measures
— provides strong evidence of prediction (Pickering & Gambi, [2018]).
From this perspective, prediction in language processing is best seen as a
graded phenomenon ranging from automatic associative activation to more
deliberate, context-based expectations. Subsequent sections will explore

why prediction occurs and how predictions are generated.

1.2.2 Why Do We Predict?

A long-standing question is why comprehenders engage in prediction at all.
Early accounts suggested that generating predictions might be risky because
any erroneous guesses would incur recovery costs, known as “prediction error”.
According to this view, prediction could only be beneficial in contexts where
one continuation was nearly certain; otherwise, disconfirmed predictions
would impose a higher cognitive burden than simple integration of the

bottom-up input as it arrived (Forster, [1981)).

More recent work, however, presents two complementary perspectives,
typically examined by assessing whether less predictable continuations
impose additional processing costs. One emphasizes facilitation: predictions
enhance efficiency and speed by preparing the system for likely continuations,
such that even when expectations are not met, processing proceeds without
slowdown (e.g., Brothers et al., |2023; Frisson et al., 2017; Luke &

Christianson, [2016)). The other emphasizes learning and adaptation: when
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disconfirmed expectations elicit measurable costs, these prediction errors are
thought to provide valuable feedback that helps update the system’s internal
models of language (e.g., Bannon et al., 2025)).

Evidence for facilitation without additional costs comes from both corpus
and experimental studies. Luke and Christianson (2016) linked cloze
probabilities of words in a large corpus of naturally occurring texts to
eye-movement patterns during reading. They found that only a small
proportion of content words were highly predictable (around 5% of content
words), but when they were, such words were read faster and received
fewer fixations. Crucially, when readers encountered a less-expected but
still plausible word, no slowdown was observed, suggesting that prediction
enhances efficiency without necessarily imposing costs when expectations are

not met.

Frisson et al. (2017) extended this line of work with a controlled
eye-tracking experiment using carefully constructed sentences.  They
compared highly constraining contexts that strongly supported one expected
completion but also allowed a plausible alternative, such as “For Halloween,
Liz dressed up as an ugly old witch/ghost and then went to the party,”
where witch is highly predictable and ghost is probable but less expected.
The same critical words were also embedded in weakly constraining
(neutral) contexts (e.g., “For her arts class, the little girl drew a witch/ghost
and then showed it to everyone”). The results of their first experiment
demonstrated that unpredictable but plausible words (e.g., ghost) were
read just as quickly in constraining as in neutral contexts, showing no
evidence of a prediction-error cost. Readers, therefore, did not commit
to a single lexical candidate but rather appeared to maintain graded
activation of multiple plausible continuations, consistent with interactive,
probabilistic models of comprehension. In a second experiment, the authors
added a semantic-relatedness manipulation, introducing a third, unrelated
alternative (e.g., nurse in “For Halloween, Liz dressed up as an ugly old
witch/ghost /nurse and was very excited”). Here, semantically related but

low-cloze words (like ghost) were processed more easily in constraining than
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in neutral contexts, eliciting fewer regressions and shorter total reading
times, whereas no such facilitation occurred for unrelated words (such as
nurse). This facilitation could reflect several possibilities: (a) pre-activation
of semantically related words through spreading activation from the
predicted target, (b) independent contextual activation of a set of words
sharing relevant semantic features, or (c) easier post-lexical integration
of semantically related words into the discourse context, especially since
the effect emerged only in relatively late eye-movement measures. Thus,
while the first experiment provides clear evidence for graded pre-activation
without processing cost, the nature of the related-word facilitation remains
unclear. Supporting this conclusion, Brothers et al. (2023) used event-related
potentials (ERPs) to test whether pre-activating multiple candidates creates
interference or facilitation. Their results showed that semantically related
alternatives enhanced rather than inhibited each other’s activation, further
confirming that prediction can involve the parallel activation of multiple
candidates. In this way, prediction appears to implement the same principles
of graded competition and weighting described in broader models of sentence

and word processing in the previous Section, [1.1]

Other work, however, highlights the costs of failed predictions. Bannon et
al. (2025) contrasted unexpected but semantically related continuations with
anomalous ones. In highly constraining contexts, participants sometimes
encountered (a) a semantically related but unexpected word (e.g., skull
in “The frontal lobe is an important part of the skull,” where brain was
expected), or (b) an anomalous continuation that violated the context
entirely (e.g., brain in “In the story, Snow White ate a poisoned brain,”
instead of the expected apple). In low-constraining contexts, multiple
continuations were plausible and no single prediction was dominant. Results
showed that semantically related but low-probability words (e.g., skull)
were processed more slowly than words in neutral contexts, and anomalous
continuations imposed even greater costs (e.g., brain). Thus, prediction
errors might not always be harmless: even plausible but unexpected

continuations can slow down processing. The authors interpret these costs
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not as wasted effort but as signals that support learning by enabling the
language learning system to adjust expectations and adapt and reduce future

prediction errors.

Although much of the empirical evidence reviewed above comes from
reading, the distinction between facilitation and learning through prediction
error should not be restricted to that modality. In spoken language
comprehension, there is evidence that prediction errors can serve as
learning signals. For example, developmental work by Reuter et al. (2019)
demonstrated that children’s erroneous predictions during spoken word
learning facilitated the acquisition of novel labels. Similarly, Bovolenta and
Marsden (2024) showed that in adult L2 learners, encountering verbs in
unexpected syntactic contexts during auditory artificial language learning
promoted stronger adaptation and generalization of novel structures,

consistent with error-based learning accounts.

In later chapters, I will return to spoken-language paradigms such
as the visual world and ERP to show how these mechanisms operate
in real time. For now, these studies highlight that both perspectives
- prediction as facilitation and prediction as learning - are compatible,
and indeed complementary. Prediction increases efficiency when input
matches expectations, but when it does not, errors themselves provide useful
information for adaptation. Moreover, both perspectives challenge earlier
models of prediction that viewed it as an all-or-nothing phenomenon, where

erroneous predictions were seen as a burden.

1.2.3 How Are Predictions Generated?

The automaticity of prediction in language processing remains a subject of
ongoing research. Evidence suggests that prediction involves a combination
of both automatic and resource-dependent processes (Ito & Pickering, |2021)).
Several theories have been proposed to explain how predictions are generated
(Huettig, 2015; Pickering & Gambi, [2018; Pickering & Garrod, [2013)).
Broadly, two mechanisms have been highlighted: prediction-by-production

25



and prediction-by-association. These accounts differ not only in the processes
they propose, but also in the extent to which prediction is assumed to be

automatic.

According to the prediction-by-production account, comprehenders covertly
engage their production system to simulate likely upcoming utterances
and subsequently compare the outputs of these predictions with the ones
of the utterance (Chang et al., [2006; Dell & Chang, 2014; Pickering
& Gambi, 2018; Pickering & Garrod, 2013).  Supporting this view,
neurocognitive evidence shows extensive overlap between production and
comprehension neural circuits (Giglio et al., 2022; Scott & Johnsrude, 2003;
Walenski et al., 2019). Moreover, Schomers et al. (2015) demonstrated that
stimulation of the articulatory motor cortex can causally influence spoken
word comprehension, while Scott et al. (2009) and Watkins et al. (2003)
found that listening to speech, but not nonspeech, activates tongue and
lip muscles. Although neurocognitive evidence demonstrates a substantial
overlap between production and comprehension systems, this overlap alone
does not prove that prediction depends on production. It suggests an
interweaving of perception and production mechanisms, yet experimental
evidence is required to show that predictive processing specifically draws on

production resources.

Direct support for this view comes from an EEG study by Martin
et al. (2018), who went one step further by showing that such motor
involvement in comprehension can, at least partly, be explained by its
major role in prediction. The authors asked whether blocking access to
the production system would diminish prediction during reading. To test
this, Spanish speakers were divided into three groups and asked to read
highly constraining sentences while performing secondary tasks. In the
syllable-production group, participants repeatedly uttered a syllable to
prevent covert production; in the tongue-tapping group, participants tapped
their tongue without speaking; and in the listening group, participants heard

recordings of their own voice producing a syllable. Prediction was measured
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by assessing the magnitude of the N400 effectﬂ elicited by expected versus
unexpected gender-marked articles.  Only the articulatory-suppression
condition reduced the N400 expectation effect, whereas tongue-tapping
and listening did not. This pattern indicates that when access to subvocal
production is prevented, anticipatory activation of upcoming words is
weakened, suggesting that production mechanisms are functionally involved
in prediction. However, this effect may instead reflect interference with
lexical access processes that are fundamental to comprehension and therefore
for predictive language processing, rather than from production mechanisms
playing a direct causal role in prediction. At the same time, evidence from
early language development indicates that production abilities themselves
can enhance prediction. Mani and Huettig (2012) found that two-year-olds
with larger productive vocabularies showed stronger anticipatory eye
movements during sentence comprehension. Importantly, no correlation
between predictive skills and children’s comprehension skills was observed.
This suggests that access to the production system facilitates predictive

processing from an early age.

In addition to the more resource-intensive message-level mechanisms that
rely on richly contextual representations integrating syntactic, semantic,
and pragmatic information, comprehenders can also anticipate language
input through an associative route. This prediction-by-association account
emphasizes spreading activation between related representations - whether
semantic/associative (meaning-based) or phonological (sound-based), as
discussed by Pickering and Gambi (2018). In this process, predictions
do not rely on message-level discourse context but arise from immediate
information stored in short-term memory. This lower-level information
triggers activation of related representations, making upcoming words easier
to process. Essentially, hearing or thinking about a word can prime the

system for related continuations (Forster, [1981). For example, hearing cat

3The N400 is a negative-going event-related potential (ERP) component peaking
around 400 ms after word onset, sensitive to the ease of semantic processing and contextual
integration. More negative amplitudes reflect greater difficulty in integrating a word into
the context (Kutas & Hillyard, [1980).
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activates its representation, which then spreads to related concepts such as

dog (semantic) or mat (phonological).

A visual-world study by Kukona et al. (2011) illustrates how such
associative mechanisms can generate predictions beyond strict contextual
constraints. Participants heard sentences such as “Toby arrests the crook”
while viewing displays containing semantically related objects. Predictive
looks occurred not only to the target (crook) but also to a semantically related
competitor (policeman), even though the agent role was already filled and
the competitor was contextually inappropriate. This pattern suggests that
spreading activation automatically pre-activates multiple related candidates

in parallel, regardless of their fit with the discourse.

While the interactive and constraint-based models described in Section
focus on the processes by which information from multiple sources is
integrated during comprehension, the Parallel Architecture (PA) originally
proposed by Jackendoff (2007) (see Section and later extended to
prediction by Huettig et al. (2022)) provides a more general representational
framework for explaining how such interactivity is possible. In contrast
to models like TRACE or constraint-based approaches that simulate online
processing, PA specifies how linguistic knowledge itself is represented in the
mind. It assumes that phonological, syntactic, and semantic representations
are generated independently but are linked through bidirectional interface
mappings, allowing information to flow across levels. This architecture thus
offers a principled way to conceptualize how activation of one level (e.g., a
semantic concept) can pre-activate corresponding syntactic or phonological
structures, giving rise to predictive effects as a natural consequence of
representational interconnectivity. A clear visual illustration of this principle
is offered by Huettig et al. (2022)), who demonstrate how activation within
the PA framework can spread both vertically across interface links (e.g.,
from the sound of a word to its meaning) and horizontally within a
representational domain (e.g., through semantic or associative relations).
As shown in Figure [I.5] hearing the word chair activates its phonological

(/tfer/) and semantic representations, which in turn spread activation to a
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conceptually related item such as sit and its corresponding phonological form.
This example captures how predictive activation arises naturally within the
representational architecture posited by PA, where associative connections

can automatically pre-activate multiple candidates in parallel.

Unlike prediction-by-production, this route does not involve covertly
simulating the speaker’s utterance. Instead, it operates largely automatically,
driven by associations between related representations stored in memory.
Prediction-by-association is often considered a non-optional component
of comprehension, and predictions are not always constrained by the
context. For example, as previously mentioned, Kukona et al. (2011)) found
anticipatory looks to semantically related competitors even when the sentence
context already made such continuations implausible. Such findings highlight

the automatic and sometimes non-selective nature of associative prediction.

Semantics: CHAIR—SIT
Phonology: /tfer/ /s1t/

Input:  /tfer/

Figure 1.5: Spreading activation in the Parallel Architecture framework. Vertical
arrows indicate activation spreading across interface mappings (between phonology and
semantics), while horizontal arrows indicate activation within a representational domain
(e.g., between semantically related concepts). Note. Reproduced from Huettig, F.,
Audring, J., & Jackendoff, R. (2022). A parallel architecture perspective on pre-activation
and prediction in language processing. Cognition, 222, Article 105012, under the terms of
the Creative Commons CC-BY license.

These two perspectives are often contrasted, but they need not be mutually
exclusive: which route dominates likely depends on contextual support
and available processing resources. For instance, Boudewyn et al. (2015)
showed that listeners flexibly adjust their expectations when encountering
unexpected input, which reflects the dynamic interplay between associative
activation and higher-level contextual simulation. At the same time, the
coexistence of automatic associative activation and more resource-dependent,

context-driven expectations highlights an open challenge for current theories,
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which have yet to specify precisely whether and how these mechanisms

interact during comprehension.

1.3 Prediction Across Levels of Linguistic

Representation

1.3.1 Contextual and Semantic Prediction

Research on prediction at the semantic level can be divided into two
related but distinct questions: (i) whether comprehenders pre-activate highly
predictable target words in context (contextual/conceptual prediction), and
(ii) whether this activation extends to semantic competitors of those targets.
For example, in a sentence such as “On her birthday, Emma blew out the...”,
listeners may strongly anticipate the word candles, demonstrating contextual
prediction. The question is whether semantically related concepts, such as
matches, lamp, or flame are also pre-activated, reflecting broader semantic
spreading independent of contextual constraints. While the former is widely
attested and largely uncontroversial, the latter has received comparatively
less attention and remains an open question. In this subsection, I first review
classic demonstrations of contextual prediction, before turning to the smaller

body of work investigating semantic competitor activation.

Classic demonstrations of contextual prediction. A classic
demonstration comes from Altmann and Kamide (1999), who were
among the earliest to show that verbs with strong selectional restrictions
can trigger anticipatory eye movements using a visual world paradigm. For
instance, in a scene containing a boy, a toy car, and a cake, hearing “The
boy will eat...” led listeners to fixate the cake (the only edible object) well
before it was named (see Figure for a picture display example). Later
studies confirmed and extended this finding, showing anticipatory looks to
objects licensed by highly predictable context (e.g., Arai & Keller, 2013;
Borovsky et al., 2012; Ito et al., 2018} Kamide et al., 2003]).
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Figure 1.6: Example of a visual scene. The image shows various objects, including a
cake, a toy car, a ball, and a toy train. Note. From Altmann, G. T. M., & Kamide,
Y. (1999). Incremental interpretation at verbs: Restricting the domain of subsequent
reference. Cognition, 73(3), 247-264. (©) 1999 Elsevier. Reproduced with permission.

Converging evidence comes from ERP and reading studies. In ERP
research, high-cloze targets elicit reduced N400 amplitudes relative to
low-cloze or anomalous words, reflecting facilitated access for predicted items
(Federmeier, 2007, Kutas & Federmeier, 2011; Van Berkum et al., 2005}
Wicha et al., . In reading, predictable words are fixated less often
and for shorter durations than unpredictable ones, supporting the view that
prediction facilitates lexical access (Rayner, Staub & Clifton, .

Taken together, these findings leave little doubt that comprehenders
routinely anticipate high-cloze target words in strongly constraining contexts.
The question is whether this predictive activation also spreads to semantically

related alternatives.

Semantic competitor prediction. Whereas contextual prediction of
highly expected target words is well established, evidence for the anticipatory
activation of their semantic competitors is more limited. Only a handful of
studies have directly examined whether comprehenders pre-activate concepts
that are semantically related to the most predictable word in context.
Importantly, these studies suggest that prediction does extend beyond single

target items to include semantically related concepts.

Classic ERP evidence comes from Federmeier and Kutas (1999), who
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showed that during reading in highly constraining sentence contexts,
unexpected words from the same semantic category as the expected
completion (e.g., pines when palms was predicted) elicited reduced
N400 amplitudes compared to unrelated unexpected words (e.g., tulips).
According to this finding, semantic category features of predictable words
can be pre-activated before input onset, facilitating the processing of
semantically related but unpredicted items. One concern, however, is
whether such effects truly reflect anticipatory activation of competitors
or instead arise from lexical priming by the individual context words.
Addressing this issue, Ito et al. (2016|) replicated the N400 reduction for
semantically related competitors (e.g., page when book was predicted), but
showed that the effect occurred only in high-cloze sentences. Because the
reduction depended on cloze probability rather than plausibility, it is best
explained as pre-activation of semantic features of the expected target word,

rather than integration ease or lexical priming.

Evidence from spoken language comprehension has been mostly obtained
using the visual world paradigm. In a landmark study, Ito and Husband
(2017) tracked participants’ eye movements as they listened to sentences such
as “That dog looks so happy, wagging its tail...”. In each trial, participants
viewed the visual display 3000 ms prior to sentence onset, allowing sufficient
time to encode the scene. Critically, well before the target word tail was
heard, listeners showed anticipatory looks not only to the target picture
(tail), but also to a semantically related competitor (paw). Time-course
analyses revealed that fixations to target objects diverged from unrelated
objects as early as ~4500 ms before target onset, while semantic competitors
showed increased fixation proportions from ~2000 ms before target onset in
predictable sentences. These effects were observed across varied semantic
relationships, including taxonomic categories (e.g., nose—ear), thematic
associations (e.g., tea—lemon), and part—whole relations (e.g., car—tire). In
contrast, in unpredictable contexts, these effects emerged only after target
onset (~500 ms post-onset for semantic competitors), indicating that they

reflect anticipatory processing rather than bottom-up integration. Extending
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this work, studies in Mandarin Chinese by Li et al. (2022) and Li and Qu
(2023)) replicated anticipatory looks to semantic competitors alongside highly
predictable targets (these studies are discussed in more detail later in the
section in relation to phonological prediction).

Together, these findings suggest that while semantic competitor prediction
has been investigated far less extensively than target prediction, the available
evidence consistently indicates activation of semantically related alternatives.
However, it remains unclear whether this activation reflects spreading from an
anticipated target word, or rather, semantic priming elicited by the context

itself, or some combination of both.

1.3.2 Prediction of Morphosyntactic and Syntactic

Features

Prediction in language comprehension is not limited to semantic content. A
large body of research has examined whether comprehenders also anticipate
grammatical features of upcoming words, such as gender, number, or
syntactic structure. These studies are of particular interest because they
investigate prediction at a morphosyntactic level, often using pre-nominal
elements (articles, adjectives) as diagnostic cues. Evidence comes from both

event-related potential and eye-tracking paradigms.

ERP evidence from gender-marked cues. Early evidence comes from
Spanish. In a seminal study, Wicha et al. (2004) showed that readers
generated expectations about the grammatical gender of highly predictable
nouns. Participants read high-cloze sentences in which the expected noun
was preceded by either a gender-consistent or a gender-inconsistent article.
Unexpected articles that mismatched the gender of the most predictable
completion (e.g., in Spanish, the masculine determiner un instead of the
feminine wna before the feminine noun corona) elicited a late positivity

around 500-700 mﬂ This effect on the article itself provides strong evidence

4Wicha et al. (2004) interpreted this late positivity as reflecting a violation of
gender-based expectations. Late positivities in similar time windows have been associated
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that comprehenders pre-activate grammatical gender information of expected

words.

Similar findings were reported in spoken comprehension in Dutch by Otten
et al. (2007), who showed that, in predictive contexts, gender-mismatching
adjectives evoked an early right-frontal negativity (300-600 ms). The
authors interpreted this neural response as reflecting the rapid detection
of a mismatch between the predicted and the grammatical gender of the
adjective, rather than a canonical N400 effect. This effect was absent in
control conditions where the context was not predictive, indicating that
the gender-based anticipation was driven by discourse-level expectations
rather than simple lexical priming. In a follow-up study, Otten and
Van Berkum (2009)) replicated these findings while examining the role of
individual differences in working-memory capacity (WMC). Unlike their
earlier experiment, which tested spoken sentences with gender-marked
adjectives (Otten et al.,2007)), this study used written Dutch stories in which
gender-marked determiners preceded the predictable noun. Participants were
classified as high- or low-WMC readers based on a standardized Reading
Span Test (Daneman & Carpenter, 1983). Both groups read predictive and
non-predictive stories while ERPs were recorded at the determiner position.
As in their earlier work, unexpected determiners elicited an early right-frontal
negativity (300-600 ms) in predictive contexts, indicating that both high-
and low-WMC readers anticipated the grammatical gender of the upcoming
noun. However, only low-WMC readers showed an additional late negativity
(900-1,500 ms) to prediction-inconsistent determiners, suggesting that while
WMC does not determine whether predictions are generated, it does
modulate how readers process information that disconfirms those predictions.
Subsequent ERP studies further confirmed these anticipatory effects. For
example, Foucart et al. (2014) reported anticipatory gender effects on
prenominal articles in Spanish, and Ito et al. (2020]) found that Italian articles
elicited robust negativities (250-800 ms) when their gender mismatched the

predicted noun, suggesting rapid grammatical feature pre-activation. It is

with the P600 component, which is typically linked to syntactic reanalysis, reprocessing,
or detection of agreement violations (Hagoort, [2003; Osterhout & Holcomb, [1992)).
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worth noting, however, that not all studies have replicated these effects.
A large-sample replication by Kochari and Flecken (2019), using nearly
identical Dutch materials and procedures to those of Otten and Van Berkum
(2009), failed to find significant ERP differences between gender-matching
and gender-mismatching articles, although similar patterns were observed,
with the same general tendency for unexpected articles to elicit more
negative-going responses and comparable scalp distributions. The authors
attributed this to methodological factors and to the relatively weak and
variable nature of gender marking in Dutch, which may make it a less reliable
cue for lexical prediction. Dutch gender marking provides only a weak and
sometimes ambiguous cue: the common-gender article de is also used for
all plural nouns, and the neuter article het for all diminutives, regardless of
grammatical gender. As a result, encountering an unexpected article (e.g.,
de instead of het) does not necessarily force revision of the predicted noun’s
meaning but may simply lead comprehenders to reinterpret its number or
form (e.g., expecting a plural or diminutive variant). According to the
authors, this limited distinctiveness of Dutch gender marking likely makes it

a less reliable cue for lexical prediction.

Eye-tracking and spoken language evidence. While ERP studies
focus on mismatch effects, eye-tracking in the visual world paradigm can
directly test whether listeners use grammatical cues to anticipate upcoming
referents. Huettig and Brouwer (2015) showed that Dutch adults exploited
gender-marked determiners (de/het) to anticipate nouns: upon hearing the
article, participants shifted gaze toward the gender-matching object in the
display before the noun was spoken. Similarly, Bosch and Foppolo (2022)
found that Italian-speaking children anticipated upcoming nouns based
on article gender. Unlike ERP paradigms, which infer pre-activation of
predictable targets indirectly from the processing cost of gender mismatches,
eye-movement studies demonstrate more directly that listeners immediately
exploit gender-marked cues to guide their gaze toward the correct referent in

real time, given the constraints of the visual scene.
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Beyond gender: syntactic structure. Prediction also extends beyond
morphosyntactic agreement features to more abstract properties of syntactic
structure and argument roles. Using the visual world paradigm, Chambers
et al. (2004) showed that object affordances constrain the interpretation
of prepositional phrases in spoken instructions, guiding anticipatory eye
movements (Figure[L.4). Arai and Keller (2013) demonstrated that listeners
anticipate argument structure based on verb subcategorization. In their
experiments, participants heard sentences containing either transitive or
intransitive verbs while viewing a scene with several potential referents.
Eye movements revealed that as soon as participants heard the verb, they
shifted attention toward an appropriate postverbal argument before it was
mentioned. For example, upon hearing “The nun punished...”, participants
looked at the potential object (the artist) prior to its acoustic onset,
indicating that they predicted a postverbal direct object. In contrast, when
the verb was intransitive, such as “The nun disagreed...,” listeners did not
show anticipatory looks to any object, since such verbs do not take a direct
object. Anticipatory eye movements only appeared once additional material,
such as a prepositional phrase (“...with the artist”), made a new argument

structure possible.

This pattern suggests that listeners use verb-specific subcategorization
information to generate predictions about upcoming syntactic structure.
Such findings receive support from surprisal theory (Hale, 2001; R. Levy,
2008), a computational framework proposing that processing difficulty at
each word is proportional to its surprisal — the negative log-probability
of that word given its preceding context.  Under this account, the
comprehension system continuously tracks the probability of different
possible interpretations of the sentence as it unfolds word by word. When
a word is unexpected, more mental work is required to update those
expectations — and that is what drives processing difficulty. Importantly,
surprisal captures predictability arising from any source (semantic, lexical,
or syntactic) since any structural or lexical pattern that affects how probable

a word is will automatically influence how easy it is to process (Hale, [2001;
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R. Levy, [2008]). This suggests that the anticipatory behavior observed in
eye-tracking studies reflects, at least in part, the comprehension system’s
sensitivity to the probabilistic structure of the language itself. Taken
together, findings from ERP, eye-tracking, and computational modeling
demonstrate that prediction in comprehension extends beyond semantic

content to morphosyntactic and structural levels.

1.3.3 Phonological Prediction

While semantic and syntactic prediction has been highly attested, evidence
for the prediction of phonological information remains inconclusive,
though a growing body of work has examined it using both ERP and
visual-world eye-tracking paradigms. By phonological prediction, I refer
to the pre-activation of sound-based representations of highly predictable

targets.

ERP evidence. One of the first pieces of evidence for phonological
prediction comes from DeLong et al. (2005)), who tested the prediction of
the word-initial phoneme of a highly expected word, making reference to the
English article rule that a precedes consonant-initial words and an precedes
vowel-initial words. Participants read highly constraining sentences (e.g.,
“The day was breezy so the boy went outside to fly ...”) where the most likely
continuation was a kite (cloze ~ 89 %), but other plausible continuations
such as an airplane were also possible, though less expected. DelLong and
colleagues observed that N400 amplitudes on both the expected noun (kite)
and its preceding article (a) correlated with sentence cloze probabilities, with
effects observed in the canonical N400 time window (approximately 200-500
ms post word onset) — the more unexpected the article was in the context, the
more negative ERP amplitude was observed. The graded N400 effect on the
article was interpreted as evidence that comprehenders not only anticipated
the upcoming noun conceptually but also pre-activated its phonological form,

specifically whether it would begin with a vowel or a consonant.

However, subsequent replications have yielded mixed results. Using
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a similar ERP paradigm to DeLong et al. (2005), Martin et al. (2013)
compared native English speakers and late Spanish—English learners and
found article-related N400 differences only in L1 speakers, suggesting that
L2 readers did not anticipate the phonological form of the highly predictable
word to the same extent. In contrast, a large-scale multi-lab replication across
nine laboratories by Nieuwland et al. (2018) directly reproduced DeLong et
al.’s (2005) materials and procedures with a larger sample of native English
speakers (N = 334). While they successfully replicated the graded N400 effect
on the target noun, they failed to reproduce the article-level effect, concluding
that phonological pre-activation, if present at all, is considerably weaker and
less consistent than initially reported. They attributed this discrepancy to
several factors, including differences in statistical power, analysis pipelines,
and the small size of the original effect. More recently, Ito et al. (2020)
used Italian indefinite articles (un/una/uno), which are marked both for
initial sound and grammatical gender of the following noun. They reported
distinct ERP negativities for phonological and gender mismatches, with
gender mismatch effects emerging earlier (250-800 ms) than phonological
mismatch effects (450-800 ms), suggesting that phonological prediction is

possible but less strong than morphosyntactic prediction.

Visual-world eye-tracking evidence. Another line of research
has examined phonological prediction in spoken comprehension using
the visual world paradigm. In these studies, participants listen to
predictive sentences while viewing displays that include the target object,
phonological competitors, and unrelated distractors. Anticipatory fixations
to phonological competitors, if present, are taken as evidence that

comprehenders pre-activate the phonological form of an expected word.

Ito et al. (2018) conducted a comprehensive study that tested both
L1 English speakers and Japanese learners of English (L2), and included
semantic as well as phonological competitors. In the phonological condition,
participants heard constraining sentences such as “The tourists expected rain

2

when the sun went behind the ...”; in a scene containing a target (cloud), a
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phonological competitor (clown), and unrelated distractors (see Figure .
The visual display was presented 1000 ms prior to the onset of the critical
word. Native participants showed strong anticipatory looks to the target as
expected. Importantly, they also showed a short-lived increase in fixations
to phonological competitors between 500 and 350 ms before target onset,
with fixation proportions to phonological competitors briefly exceeding those
to unrelated distractors within this window. This effect was considerably
smaller in magnitude than the anticipatory looks to the target and did not
persist beyond this narrow time window, suggesting that phonological form
was pre-activated, but only transiently (see Figure , where the blue line
represents the proportion of looks to the phonological competitor). This
temporal profile indicates that phonological prediction is relatively weak and
short-lived: listeners briefly activate the sound form of the expected word
(cloud), as evidenced by brief fixations on phonological competitors (clown),
but this activation quickly decays. I will return to their findings regarding

L2 participants in Section [1.4.1}

Target English competitor

‘ tffj ‘ &
\ T \ T
i i

Figure 1.7: Example of a visual display. The figure shows two sample scenes used
in the experiment: on the left, the target display includes the predictable object cloud
among unrelated distractors; on the right, the English competitor display replaces the
phonological competitor (clown and three distractors). Note. From Ito, A., Pickering,
M. J., & Corley, M. (2018). Investigating the time-course of phonological prediction in

native and non-native speakers of English: A visual world eye-tracking study. Journal of
Memory and Language, 98, 1-11. (C) 2017 Elsevier. Reproduced with permission.

While Ito et al. (2018) provided evidence for a short-lived phonological
prediction effect, the robustness of such effects was further questioned by
Ito and Husband (2017). In their visual world eye-tracking study, Ito and
Husband (2017) directly contrasted semantic and phonological prediction.
Participants listened to highly constraining sentences such as “That dog looks

2

so happy, wagging its ...” while viewing displays containing four objects: one
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Figure 1.8: Time-course of fixation proportions. Note. From Ito, A., Pickering, M. J., &
Corley, M. (2018). Investigating the time-course of phonological prediction in native and
non-native speakers of English: A visual world eye-tracking study. Journal of Memory
and Language, 98, 1-11. (C) 2017 Elsevier. Reproduced with permission.

critical object and three unrelated distractors. Depending on condition, the
critical object was either the predictable target (tail), a semantic competitor
(paw), a phonological competitor overlapping at onset (table), or an unrelated
control item. The results showed clear anticipatory looks to the semantic
competitor but no predictive looks to the phonological competitor. This
finding suggests that while comprehenders routinely pre-activate semantic
information related to the predicted target, phonological pre-activation is
much less consistent. The authors suggest that this may arise because
semantic prediction can operate at a more general level (e.g., predicting
features related to dog), whereas phonological prediction necessarily requires
committing to a specific word form. This process could be particularly
demanding and perhaps less commonly used, especially given that highly

predictable words are rare in natural language (Luke & Christianson, 2016).

Other studies have examined phonological prediction in languages with
non-alphabetic scripts, where orthographic overlap is less likely to confound
phonological effects. However, the findings are far from uniform. In
Japanese, Ito (2019) used a printed-word visual-world variant to test
whether listeners pre-activate orthographic and/or phonological form
during spoken language comprehension. The author conducted two visual
world experiments with native Japanese speakers in Tokyo, manipulating

the script (kanji vs. hiragana) in which critical words were displayed.
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Participants (N = 40 per experiment) listened to highly predictable
sentences (mean cloze probability, 87%) while viewing displays of four
printed words. In Experiment 1, words were presented in kanji (the
logographic script), while in Experiment 2, the same words appeared in
hiragana (a syllabic, phonologically transparent script). In both experiments,
the orthographic competitor was orthographically similar to the target in
kanji but phonologically dissimilar (e.g., f /sakana/ ‘fish’ vs. f /tuno/
‘horn’), whereas the phonological competitor shared one mora with the
target but was orthographically dissimilar in kanji (e.g., i /sakana/ vs. ¥
/sakura/ ‘cherry blossom’). Words appeared on the screen 1000 ms before
the target word onset. Results showed a clear orthographic competitor
effect in Experiment 1 (when words were presented in kanji), but no
phonological competitor effect. In Experiment 2 (hiragana presentation),
the pattern reversed: a phonological competitor effect emerged (e.g., & h>7&
/sakana/ ‘fish’ vs. & < & /sakura/ ‘cherry blossom’), but the orthographic
competitor effect disappeared when the competitor was no longer visually
similar to the target (e.g., & 7L vs. D /tuno/ ‘horn’). Note that in
hiragana, the phonological competitor was now also orthographically similar
to the target by sharing the first character. Ito (2019) interpreted these
findings as evidence that orthographic prediction depends on the availability
of relevant orthographic information in the visual context. Moreover, this
orthographic activation could be driven by bottom-up priming from the
displayed words, rather than a purely predictive process, or participants

could even have mistaken the orthographic competitors for the target.

To test whether such effects generalize from printed words to pictures,
Ito and Sakai (2021)) extended this work by replacing printed words with
pictures of objects, thus removing any direct orthographic input from the
visual display itself. Using the same sentence materials as Ito (2019),
they tested 57 native Japanese speakers in Tokyo (Experiment 1) and 56
in Berlin (Experiment 2). The latter group had reduced daily exposure
to Japanese (43% of the time, compared to nearly 100% for the Tokyo
group). Remarkably, even without printed words, the Tokyo group still
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showed anticipatory fixations to orthographic competitor objects, suggesting
that listeners mentally activated the written form of the predicted word
and this activation influenced their eye movements toward objects whose
names were orthographically related in kanji. However, neither group
showed evidence of phonological competitor effects. This seems inconsistent
with Experiment 2 from Ito (2019), which found phonological competitor
preactivation with the hiragana script, though it is important to note that
those phonological competitors were also orthographically related in the first
character, which could have contributed to the effect. The authors also
attribute this discrepancy in part to weak phonological relatedness (one-mora
overlap may be insufficient to drive eye movements in a visual world paradigm
with pictures). The Berlin group showed weaker overall prediction effects,
with orthographic competitor effects emerging only for items with very
high orthographic similarity. These results suggest that frequent language
exposure strengthens lexical prediction but does not necessarily extend to
phonological levels. Thus, the Ito and Sakai (2021) study, contrary to
the initial interpretation of Ito (201Y)), found that for orthographic form
preactivation, having orthographic information present in the visual display is
not a prerequisite. Furthermore, the orthographic activation in Experiment 1
of Ito (2019) could not have been due to simple bottom-up priming from the
presented visual context or to the orthographic competitor being mistaken

for the target.

In contrast to the Japanese findings, Li et al. (2022) found phonological
prediction effects in Mandarin Chinese. In Experiment 1, 42 native Mandarin
speakers (Beijing university students) listened to highly predictable sentences
(mean cloze 92.3%) while viewing displays of four pictures. The phonological
competitor shared the initial syllable and tone with the target word (e.g.,
/shulbaol/ ‘schoolbag’ vs. /shulzi5/ ‘comb’). The picture preview time
was 2000 ms. Results showed clear anticipatory fixations to both semantic
and phonological competitors. The phonological competitor effect emerged as
early as 1400 ms before target onset, considerably earlier than effects reported
in English studies (e.g., 300-500 ms before target onset in Ito et al., |2018)).
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This discrepancy was explained by the results of post-hoc cloze testing,
which showed that the target words were already moderately predictable
(33% cloze) 1400 ms before their actual onset. This suggests that the strong
contextual constraints, coupled with the extended preview time (2000 ms
compared to 1000 ms in Ito et al., [2018), allowed for very early predictions.
Experiment 2 replicated the phonological effect with a shorter preview time
(1000 ms) and different stimuli in which phonological competitors differed in
tone from the target. Phonological effects still emerged, but later (400 ms
before target onset), confirming that preview duration influences the time

course but not the presence of phonological prediction.

Li and Qu (2023) replicated Li et al. (2022) (Experiment 1) while
additionally measuring participants’ verbal working memory capacity
(WMC) using a reading span task. Forty participants were divided into
high- and low-span groups. Results replicated the phonological and semantic
competitor effects in both high- and low-WMC groups. Interestingly,
WMC modulated the time course of semantic prediction (earlier onset in
high-WMC participants) but did not affect phonological prediction onset
timing (only the duration of the effect was slightly longer for the high-span
group). Importantly, both groups showed prediction. Thus, low WMC
does not cancel out prediction but only modulates its time course, which
is consistent with the ERP results by Otten et al. (2007) reported earlier,
who also found that WMC did not determine whether grammatical gender
predictions were generated, but rather influenced how prediction-inconsistent
information was subsequently processed (with low-span readers showing an
additional late negativity reflecting greater difficulty integrating unpredicted

words).

The contrast between these findings — clear phonological effects in
Mandarin, but not in Japanese — suggests that phonological prediction
is highly sensitive to multiple interacting factors. First, the strength of
phonological overlap matters: Mandarin studies used full syllable and
tone overlap, whereas Japanese studies used minimal one-mora overlap.

Single-mora overlap may simply be insufficient to drive eye movements
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in the visual world paradigm, even if phonological form is pre-activated
to some degree (Ito and Sakai, 2021). Second, the characteristics of the
writing systems differ in ways that may influence processing: Japanese
kanji characters often have multiple possible readings, potentially creating
competition or uncertainty that interferes with phonological prediction
(Ito, 2019). Third, preview time appears to influence the time course of
effects: the 2000 ms preview in Li et al. (2022) (Experiment 1) allowed
phonological effects to emerge much earlier than the 1000 ms preview used
in Experiment 2. Fourth, the use of printed words versus pictures may
influence competitor effects. Fifth, the strength of contextual constraint
in the materials could influence predictive processing, with 92.3% cloze
probability in the Chinese studies compared to 87% in Japanese studies.
Finally, individual differences in language exposure and cognitive resources
also modulate prediction. Ito and Sakai (2021) found that reduced daily
exposure to Japanese (in the Berlin group) weakened both target and
orthographic competitor effects. Li and Qu (2023)) found that verbal WMC
influenced mainly semantic prediction, suggesting that predictive processing
draws on cognitive resources and that different representational levels
(semantic and phonological) may utilize cognitive resources differently.
However, none of these studies systematically examined participants’
broader linguistic repertoires (e.g., bilingualism, literacy in other scripts,
or second-language proficiency), which may further modulate predictive

processing.

In sum, the available evidence from non-alphabetic languages indicates
that phonological prediction can occur under supportive conditions, namely
strong phonological overlap, sufficient processing time, and highly predictable
contexts, but is not consistently observed across all paradigms. The observed
variability reflects the interaction of linguistic features (e.g., phonological
overlap strength, script-specific characteristics), methodological parameters
(timing, display format, contextual constraint), and individual differences
(language exposure, cognitive resources, potentially linguistic repertoires).

Consistent with this interpretation, Ito (2024]) conducted a meta-analysis
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of 20 visual-world eye-tracking experiments and found a small but reliable
predictive phonological competitor effect that emerged briefly before the
target onset. This effect corresponded to about a 5% increase in looks to
phonologically related items compared to unrelated distractors and lasted
roughly 600 ms. The size and timing of this effect were modulated by
several experimental factors. Stronger effects occurred in highly constraining
sentences (cloze probability above 90%) and when the target and competitor
shared greater phonological overlap (e.g., several shared phonemes or
an entire syllable in tonal languages). Differences in preview duration
(1000 vs. 2000 ms) mainly affected when, rather than how strongly,
the effect appeared: longer previews tended to shift the effect earlier in
time, but the overall magnitude and duration remained comparable across
studies. Interestingly, the predictive phonological competitor effect was
slightly larger for picture than for printed-word stimuli, contrary to the
pattern typically observed in spoken-word recognition (Huettig & McQueen,
2007)), suggesting that the printed-word paradigm is not necessarily more
sensitive to phonological prediction. Overall, these results indicate that
while phonological pre-activation is possible, it is weaker, shorter-lived, and
more dependent on contextual and design factors than semantic prediction,

surfacing only under optimally supportive conditions.

Production evidence (context-driven picture naming). Although
most of this literature focuses on comprehension, production paradigms
can offer evidence about whether predictions reach phonological levels.
The sentence-to-picture naming task is one example. In a series of three
experiments, Drake and Corley (2014)) presented participants with auditory
sentence fragments with highly predictable continuations (e.g., “He managed
to fix the drip from the old leaky ...”) and asked them to name a picture
presented immediately at the offset of the audio. The relationship between
the sentence-predicted completion and the picture’s name was manipulated
so that the picture name either corresponded to the predictable word
(tap—TAP), overlapped phonologically either at onset (tap—TAN) or at offset
(tap—CAP), or had no overlap (tap~CONE). Across experiments, naming was
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facilitated only in the matching (exact-target) condition, whereas picture
names that overlapped phonologically with the predicted word showed

neither facilitation nor inhibition.

The authors argued that listener-generated predictions during
comprehension do not activate speech-motor representations at the
level required to produce phonological facilitation effects in overt naming.
This finding might seem to contradict the neurocognitive evidence presented
earlier showing speech-motor activation during comprehension (e.g., Scott
et al. 2009; Watkins et al. 2003)). However, Drake and Corley propose that
speech-motor activation during comprehension may serve different functions.
While the motor system may support prediction of when upcoming material
will occur (the “how” pathway), their results suggest it does not necessarily
encode the phonological content of predicted words in a production-ready
format (the “what” pathway). Importantly, this account does not preclude
phonological-form preactivation in comprehension (e.g., DeLong et al.
2005). Phonological expectations could exist at a representational level
accessible to comprehension processes without necessarily being formatted
for articulatory output. The production results thus provide a boundary
condition: exact-match facilitation can occur even when partial phonological
overlap alone produces no detectable effect. Consequently, null results for
phonological competitor activation should be treated cautiously, as they
do not necessarily imply that phonological preactivation is absent; rather,
predictions generated during comprehension may not automatically transfer

to the production system.

In this section, I examined prediction within typical adult comprehension,
focusing on how anticipatory processes operate across semantic, grammatical,
and phonological levels. The evidence suggests that prediction operates
in a graded manner, with its strength and timing varying across levels of
linguistic representation. While semantic and morphosyntactic features are
routinely pre-activated, phonological prediction is weaker, shorter-lived, and
more dependent on contextual and methodological factors. The following

section explores how these mechanisms manifest across different populations,
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including second-language speakers and adults with developmental dyslexia.

1.4 Spoken Language Comprehension in

Different Populations

Building on the motivations outlined in the General Overview, this
section examines prediction in populations whose linguistic experience and
processing profiles differ from those of typical L1 adults. I first review
findings on prediction in second-language (L.2) speakers and then consider
evidence from individuals with developmental dyslexia, focusing on how
semantic, morphosyntactic, and phonological information is anticipated in

these groups.

1.4.1 Second-Language (L2) Speakers

By “L2 speakers,” I refer to individuals who acquired a given language after
their first language, usually under circumstances different from those of the
first language (i.e., not through caregiving in the home), and thus distinct

from simultaneous bilingual exposure in early childhood (Schlenter, [2023)).

The terminology used to refer to individuals who know multiple
languages has been subject to considerable debate in applied linguistics
and multilingualism research. In this dissertation, the label “L2” does not
imply that the language in question is literally a speaker’s second language
chronologically; rather, it encompasses any additional language(s) learned
subsequent to the first. This broad usage reflects the prevailing practice
in psycholinguistic research, where “L2” is typically employed as a general

shorthand for non-native language processingﬂ even though most studies

5The term “non-native” is used here in a conventional sense to refer to speakers who
acquired the target language after their first language rather than simultaneously. This
operational use does not assume a strict native-non-native dichotomy, which is widely
recognised as socially constructed rather than categorical (V. Cook, [1999; Davies, |2003).
Throughout this dissertation, the terms “native” and “non-native” are used strictly in
an acquisition-based sense, referring to speakers’ first-acquired (L1) and subsequently
acquired (L2) languages, without evaluative or proficiency-related implications.
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do not explicitly define the term or clarify the assumptions underlying
their use of it (e.g., Hopp, 2013; Kaan, [2014; Lew-Williams & Fernald,
2010). Hammarberg (2010) identifies two distinct terminological models
in multilingualism research. The “linear model” uses ordinal counting
(L1, L2, L3, L4...) to classify languages according to their chronological
order of acquisition whereas the “two-level model” makes a broader
distinction between the native language(s) (L1), established at a certain
level during infancy, and all subsequently learned languages (L2). Many
scholars investigating third language (L3) acquisition argue that treating
all non-native languages under the umbrella term “L2” risks obscuring
important differences between learning a second versus a third or additional
language (Bui, [2023; Cenoz et al., 2001; De Angelis, 2007). From this
perspective, L3 learning is qualitatively distinct because it involves unique
cognitive and motivational dynamics not present in L2 learning (Bui, 2023;
Hammarberg, 2010).

Despite the theoretical merit of these distinctions, I adopt the two-level
model and use “L2” as a broad term for several reasons. First, the focus
of the present research is on comparing native versus non-native language
processing rather than on the chronological order of acquisition. Second,
as Hammarberg (2010) acknowledges, linear ordering of languages becomes
difficult to apply in many real-world contexts. This is particularly relevant for
the present study: many participants in South Tyrol first acquire Tyrolean at
home, then develop literacy in Standard German at school, and subsequently
learn Italian (see Section [1.5)). Whether Italian should therefore be classified
as their L2 or L3 is not straightforward. Similar complexities arise for
participants with other language backgrounds in the English experiment.
For these reasons, I use “L.2” as a broad category that includes all languages

acquired after one’s native language(s).

Semantic prediction in L2. A growing body of work has investigated
whether L2 speakers, like L1 comprehenders, use contextual cues to

anticipate upcoming words during spoken language comprehension. As
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discussed in the previous section, it is useful to distinguish between target
(or contextual) prediction (i.e., the anticipation of a specific high-cloze
target word) and semantic prediction, defined as the spread of activation to
its semantic competitors. Most studies on L2 prediction have concentrated
on the former, showing that second language speakers can anticipate targets
from constraining contexts, though the timing and strength of effects often

vary across tasks, linguistic cues, and language profiles.

Chambers and Cooke (2009) examined verb-driven anticipation in English
L1, French L2 speakers with varying proficiency in French. The study
employed interlingual near-homophones (e.g., French poule ‘chicken’ and
English pool) to measure cross-language lexical competition during spoken
sentence comprehension. Listeners’ eye movements revealed temporary looks
on the English competitor word (e.g., pool) when hearing the French target
noun (poule), demonstrating cross-language lexical activation. However,
competitor fixations were dramatically reduced when prior sentence context
was incompatible with the competitor (e.g., Marie va nourrir... ‘Marie
will feed...” ruled out the pool). Following such constraining verbs,
listeners fixated the only feedable object (e.g., the chicken) significantly
more than after neutral verbs like décrire ‘describe’, demonstrating successful
verb-based prediction in L2. Importantly, while participants’ French
proficiency reliably predicted their ability to use predicate information to
anticipate target referents (accounting for 38% of the variance, p < .01) and
their target selection accuracy, it had no significant effect on the extent of
interlingual competition from their L1 English. This dissociation suggests
that increased proficiency in the L2 facilitates the speed and efficiency with
which contextual constraints are applied during real-time comprehension, but
does not independently reduce interference from the LL1. However, this study
tested only L2 comprehenders and did not provide a direct comparison with

L1 processing.

By contrast, Dijkgraaf et al. (2017) provided a more comprehensive
comparison by testing Dutch—English bilinguals in both their L1 Dutch and
their L2 English, alongside monolingual English controls. The bilingual
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participants (mean age 24 years) were dominant in Dutch, with relatively
high proficiency in English, though they reported using Dutch approximately
73% of the time versus only 17% for English and had no immersion experience
in English-speaking environments. Monolingual English controls (mean age
20 years) were matched to the bilinguals on L1 proficiency based on LexTALE
scores (Lemhofer & Broersma, 2012). Participants heard sentences with
constraining verbs, such as “Mary knits a scarf,” versus neutral verbs like
“Mary loses a scarf,” while viewing displays containing the target (scarf) and
three unrelated distractors (all objects could be lost, but only the scarf was
knittable). Bilinguals showed significantly more fixations toward the target
object in the predictive condition before target word onset, both in their
L1 Dutch and L2 English. Moreover, the magnitude of this anticipatory
effect was statistically indistinguishable between the bilinguals’ L1 and L2

performance, and neither differed from monolingual controls.

Interestingly, unlike Chambers and Cooke (2009)), English proficiency
(LexTALE scores) did not modulate the strength of prediction effects in
Dijkgraaf et al.’s study. This discrepancy may reflect differences in both the
proficiency ranges sampled, as well as how proficiency was operationalized.
While Chambers and Cooke used a composite proficiency measure that
weighted self-rated listening (35%), speaking (10%), reading (20%), and
writing (5%) abilities, along with years of immersion experience (20%)
and current L2 exposure (10%), thereby capturing multiple dimensions of
language experience relevant to real-time spoken comprehension, Dijkgraaf
et al. relied solely on LexTALE scores, which assess only receptive vocabulary
knowledge. Additionally, Dijkgraaf et al. report that their participants were
relatively homogeneous in their L2 proficiency (mean LexTALE: 78.5%, SD
= 10.49), potentially creating a ceiling effect.

The question of whether and how proficiency modulates L2 prediction
was also addressed by Tagliani et al. (2025), who tested Italian learners
of English at three proficiency levels (B1, B2, and C1/C2) alongside native
English controls using a visual world paradigm. Participants heard sentences

such as “A girl is wearing a dress” while viewing displays containing a
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target object (e.g., dress) and three distractors. The task manipulated both
semantic cues (only one object was semantically plausible given the verb,
e.g., only the dress was wearable) and phonological cues (the target could
rhyme with the sentence subject, e.g., “A parrot is eating a carrot”). All
proficiency groups showed anticipatory fixations to semantically appropriate
targets during the verb window, confirming verb-based prediction in L2.
However, low-intermediate (B1) English learners were slower to fixate the
target compared to more advanced learners and native speakers. Moreover,
when examining the integration of multiple cues (semantic + phonological),
lower-proficiency learners (Bl and B2) were slower to identify targets when
both cues were present compared to semantic cues alone, whereas advanced
(C1/C2) learners showed native-like integration patterns. The authors
attribute this difficulty to increased cognitive demands of cue integration
in learners with more limited L2 processing resources. Moreover, Borovsky
et al. (2012)) demonstrated that vocabulary knowledge, independent of age,
predicted the speed and efficiency of anticipatory processing in both children

(ages 3-10) and adults during spoken sentence comprehension.

At the same time, other studies report modest L2 slowdowns. Ito et al.
(2018)), for example, found that both native speakers and Japanese learners
of English generated anticipatory looks to predictable objects, but the onset
of prediction was slightly later in the L2 group. Moreover, L2 prediction was
found to be strongly shaped by prior linguistic experience. Van Bergen and
Flecken (2017) examined whether L2 learners use Dutch placement verbs,
which specify object position (zetten ‘put.STAND’ vs. leggen ‘put.LIE’).
Advanced German L1-Dutch L2 speakers, whose L1 also encodes object
position information in placement verbs, showed immediate anticipatory
fixations comparable to native Dutch listeners. In contrast, English and
French L1-Dutch L2 speakers, whose L1 does not mark this contrast (the
equivalent verbs put or mettre leave object position underspecified), failed
to anticipate the object despite demonstrating explicit knowledge of Dutch
placement verbs. These results indicate that predictive use of verb semantics

in the L2 depends on cross-linguistic similarity: when the relevant semantic
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contrast exists in the L1 (as in German), it facilitates prediction, but when
it does not (as in English or French), L1 transfer constrains anticipatory

processing.

Moreover, when prediction requires integrating multiple cues, L1-L2
differences become even more apparent. As already noted in Tagliani
et al. (2025), lower-proficiency L2 learners showed significant costs when
integrating phonological and semantic information, whereas advanced
learners performed similarly to native speakers. This pattern of increased
difficulty with multiple cue integration extends beyond phonological-semantic
combinations to other types of information integration. Corps et al. (2023)
combined verb-based associations with speaker gender stereotypes.
Participants listened to sentences such as “I would like to wear the
nice...” produced by male or female speakers, while viewing stereotypically
masculine (e.g., tie, drill) and feminine (e.g., dress, hairdryer) objects.
Both L1 and highly proficient L2 participants anticipated objects consistent
with the verb semantics (e.g., tie or dress after wear) at a similar time
course. But consistent predictions that also integrated speaker gender (e.g.,
preferring tie for a male speaker) emerged later in the L2 group. The
authors argue that such perspective-based predictions are less automatic in
a second language, as they depend on resources that may be more limited
for non-native speakers - whether due to reduced efficiency in self-other
adjustments (Peters et al., |2015), greater inhibitory demands, or slower
access to stereotypical knowledge. The authors verified that participants
could correctly match each voice to its corresponding speaker before the
experiment, suggesting that delays in perspective-based prediction were not

due to difficulty identifying the speaker’s gender.

Direct evidence for semantic competitor pre-activation in L2 is very
limited. Using the visual world paradigm, Dijkgraaf et al. (2019) investigated
whether the strength and time course of semantic prediction differ between
L1 and L2 by testing the same 50 Dutch-English bilinguals dominant in
Dutch (mean age 19 years, highly proficient in both languages) in both of

their languages. Participants listened to audio sentences varying in cloze
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probability (mean cloze: 0.71 in Dutch, 0.68 in English) while viewing
displays containing either a target picture or a semantic competitor, whose
semantic distance from the target was quantified using word co-occurrence
statistics in text corpora (e.g., bottle—glass = 0.41 vs. bottle—fridge = 0.56),
along with three unrelated objects. Pictures appeared 500 ms before target
onset to minimize visual priming effects. Participants were instructed to
look anywhere they wanted as long as their eyes remained on the screen.
Participants showed anticipatory fixations not only to predictable targets
but also to their semantic competitors before target onset in both their L1
(Dutch) and L2 (English). Time-course analyses revealed that fixations to
the target became significant approximately 250 ms before target onset, while
increased looks to semantic competitors emerged around 100 ms before target
onset in both languages. However, despite similar temporal dynamics, the
magnitude of the prediction effect was stronger in L1 than in L2. Moreover,
competitor fixations varied with semantic distance (participants looked more
to closely related competitors), and this effect was significantly larger in L1
than in L2 throughout the prediction window. The authors interpret these
findings as reflecting weaker lexico-semantic mappings and slower spread of
activation in the L2, rather than a qualitative absence of semantic prediction.
This pattern supports the weaker links hypothesis, which posits that L1
words have stronger and more densely interconnected representations in

semantic memory than L2 words (Gollan et al., 2008).

Converging evidence for semantic prediction differences comes from an
ERP study by Ito et al. (2017a)), who examined whether 12 speakers
pre-activate upcoming meaning during reading. Twenty-four Spanish L1,
English L2 speakers read English sentences word by word at two presentation
rates (stimulus-onset asynchrony, SOA = 500 ms and 700 ms). FEach
high-cloze sentence (e.g., “The student is going to the library to borrow a...”)
was followed by either the expected word (book), a semantically related word
(page), a form-related word (hook), or an unrelated word (sofa). Semantically
related words elicited smaller N400 amplitudes than unrelated words at both

presentation rates, suggesting facilitated semantic processing. However, this
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N400 reduction did not depend on the cloze probability of the expected word
unlike in native speakers tested with the same materials in a previous study
by the authors (Ito et al., 2016, see also Section . Because a genuine
prediction effect should scale with predictability, the authors concluded that
the observed N400 reduction reflected easier integration of plausible words
rather than pre-activation of semantic features. These findings suggest that
L2 readers were not pre-activating semantic information, but rather benefited

from semantic relatedness during integration.

Findings such as these align with Schlenter’s (2023)) review of more than
forty studies: L2 speakers successfully predict upcoming linguistic input
based on lexical semantics, but effects are typically delayed or attenuated,
particularly when prediction requires integrating multiple cues beyond simple
verb—object associations. Bovolenta and Marsden (2022) similarly emphasize
that variability between L1 and L2 speakers (and even within each group)
increases as prediction becomes more complex, whereas sensitivity to simple
contextual predictability is the most robust and least divergent across
groups. Thus, while L2 comprehenders clearly use context to anticipate
likely referents, the extent and timing of semantic competitor activation are
less robust than in L1 comprehension. Moreover, the extent to which their

predictions spread to semantically related alternatives remains understudied.

Morphosyntactic prediction in L2. Beyond semantics, an important
question is whether L2 comprehenders, like native speakers, can use
morphosyntactic cues such as grammatical gender, number, or case to
anticipate upcoming words. FEvidence suggests that L2 speakers can use
these cues predictively, but effects are typically weaker, delayed, or more
variable than in L1 comprehension, and are strongly modulated by lexical

knowledge, proficiency, and cross-linguistic congruency.

One of the earliest demonstrations comes from Hopp (2013), who examined
whether advanced L1 English learners of German could use determiner
gender marking to predict upcoming nouns in a visual-world eye-tracking

task. Native German speakers showed anticipatory looks toward the
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gender-congruent referent upon hearing the determiner (e.g., der/die), before
the noun was spoken. L2 learners also displayed anticipatory effects,
despite their L1 lacking grammatical gender. However, the strength of
their predictions correlated with their lexical gender knowledge, measured
in a separate production task: learners who were more accurate in gender
assignment also showed stronger anticipatory eye movements. These findings
suggest that L2 speakers’ predictive processing depends on the stability and

accessibility of lexical gender nodes in the bilingual lexicon.

A complementary perspective comes from Lew-Williams and Fernald
(2010), who directly compared the online use of gender cues by adult L1
English-L.2 Spanish learners (with an average of five years of classroom
instruction) with L1 Spanish adults and children acquiring Spanish as their
first language. In this paradigm, participants viewed two pictures with names
that either shared the same grammatical gender (e.g., la pelota ‘ball’; la
galleta ‘cookie’) or differed in gender (e.g., la pelota, el zapato ‘shoe’), while
hearing sentences such as Encuentra la pelota (‘Find the ball’) or sDdnde
estd la pelota? (‘Where is the ball?’). Because participants could not know
in advance which picture would be named, their initial gaze was equally
likely to fall on either image. The critical measure was the latency with
which they shifted their gaze from the distracter to the target picture once
the article-noun sequence began. Faster shifts on different-gender trials,
where the article uniquely identified the noun, would indicate that listeners
used gender marking incrementally to constrain lexical access. Although
this does not constitute anticipatory prediction strictly speaking (since the
noun onset was already available), it reflects rapid, online use of grammatical
gender information during spoken language comprehension. Native Spanish
adults and children showed precisely this pattern, orienting to the target
more rapidly when the article provided an informative, prenominal cue to
the noun’s gender. In contrast, L1 English learners of Spanish showed
no facilitation on different-gender trials, even though they had explicit
knowledge of gender agreement rules. In two further experiments using

novel nouns, the authors manipulated whether articlenoun pairings were
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consistent across training and testing. When exposure involved novel nouns
and the same article-noun pairings in training and test (e.g., participants
learned la catela (feminine object) and were later tested with la catela), 1.2
learners showed a small facilitation effect, suggesting that repeated fixed
pairings can support use of the cue. However, when participants were
trained on indefinite articles (una/un) and later tested on definite articles
(la/el) with the same nonce nouns (e.g., la catela after una catela training),
L1 adults generalized and used the definite article incrementally, whereas
L2 adults did not. This finding suggested that L2 learners could rely on
associative links between specific article-noun sequences, but not on the
generalization of gender categories (e.g., the feminine marking ‘la’ predicts
nouns from the same class). Lew-Williams and Fernald argued that adult L2
learners often possess explicit (declarative) knowledge of gender rules but lack
automatic, proceduralized links between determiners and nouns that support
rapid incremental processing. Classroom instruction emphasizes rule learning
and limited practice, which does not yield strong article-noun associations
that native speakers accrue from early and varied input. In addition, the
authors argued that cross-linguistic transfer from a first language without
grammatical gender further limits L2 speakers’ ability to deploy gender

marking in real time.

Building on this, Hopp and Lemmerth (2018)) tested Russian adult learners
of German, two languages with three gender categories but with differences
in how gender is realized: Russian encodes gender through postnominal
suffixes, whereas German encodes it primarily prenominally on determiners,
although some noun-internal derivational suffixes (e.g., -heit, -ung) are
strongly associated with a particular gender. Using eye-tracking, they found
that advanced learners showed native-like predictive use of gender across
conditions. High-intermediate learners, however, displayed asymmetries. In
adjective contexts, where Russian and German are syntactically congruent
(both mark gender on suffixes), learners predicted nouns regardless of
whether the noun carried the same gender in Russian and German (i.e.,

irrespective of lexical congruency). In article contexts, which are syntactically
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incongruent across the two languages, predictive use of gender occurred
only when lexical gender overlapped between Russian and German. Thus,
cross-linguistic similarity at both the lexical and syntactic level strongly

determined whether L2 comprehenders could exploit gender cues predictively.

Proficiency effects on prediction have been further examined by Dussias
et al. (2013), who investigated whether second-language learners exploit
grammatical gender information during comprehension in a manner
comparable to native speakers, using the visual-world eye-tracking paradigm.
They tested three participant groups: sixteen Spanish monolinguals, eighteen
English-speaking learners of Spanish (divided into high- and low-proficiency
subgroups based on standardized Spanish proficiency test scores), and sixteen
[talian learners of Spanish. Both English and Italian participants were late
L2 learners who had acquired Spanish as adults. All groups demonstrated
a high level of explicit knowledge of gender agreement in offline production
and comprehension tasks. During eye tracking, participants viewed two
pictures on the screen whose names were either of the same or different
grammatical gender (e.g., la pera ‘the pear’ and el pozo ‘the well’) while
listening to sentences in which one picture was named. Sentences were
syntactically and semantically varied, with the target noun appearing either
in the middle or at the end of the sentence (e.g., the target el reloj ‘the
clock’ in El estudiante estaba dibujando el reloj que vio ayer ‘The student
was drawing the clock that he saw yesterday’). The critical measure was the
latency (change-point) at which participants’ eye movements converged on
the target following the onset of the gender-marked article. Although the
authors consider the results to be anticipatory, this shift usually coincided
with the initial stages of noun recognition. Therefore, the observed effects
can be more accurately described as a facilitatory use of gender marking
rather than a strictly predictive one. Spanish monolinguals reliably used
gender-marked articles to orient their gaze toward the correct referent as
soon as gender information became available, indicating that gender served
as a facilitative cue for lexical access. High-proficiency English-Spanish

learners showed a qualitatively similar pattern, shifting gaze to the target
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earlier on different-gender than on same-gender trials for both masculine
and feminine nouns. In contrast, low-proficiency English—Spanish learners
showed no such facilitation, indicating that they had not yet integrated
grammatical gender cues into their online language processing routines.
[talian—Spanish bilinguals, whose L1 also encodes grammatical gender,
displayed facilitative effects only for feminine nouns. The absence of
facilitation for masculine nouns was attributed to the presence of a higher
proportion of opaque masculine nouns in the materials (i.e., words without
canonical masculine gender endings such as -o0), which likely increased
processing demands, and to participants’ relatively low L2 proficiency. The
authors interpreted these results as evidence that both L2 proficiency and
cross-linguistic similarity determine the extent to which learners can exploit

morphosyntactic cues during comprehension.

Comparable findings have been reported in child bilinguals. Bosch
and Foppolo (2022)) tested Italian—-German bilingual children aged six
to ten. Using a visual-world eye-tracking paradigm, they showed that
children anticipated upcoming nouns based on gender-marked articles in
both languages. However, when the same noun had incongruent gender
values across the two languages (e.g., feminine in Italian but masculine in
German), prediction was delayed — a “gender congruency effect.” Moreover,
predictive use of gender was modulated by language dominance, with faster
prediction in the dominant language. These results highlight that even in
simultaneous bilinguals, predictive morphosyntactic processing is sensitive

to cross-linguistic influence and linguistic proficiency.

Other morphosyntactic domains appear to be even more challenging.
Mitsugi (2017) examined whether English-speaking learners of Japanese
could use case markers to anticipate upcoming verb structure in a verb-final
language. Native Japanese speakers used nominative and dative markers
to predict passive verbs before they appeared. L2 learners, however, did not
anticipate structure from case markers and instead relied on verb morphology
once the verb was encountered. Similarly, Hopp (2015]) showed that German

learners of English had difficulty using case marking to resolve temporary
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object—subject ambiguities during reading.

Taken together, these findings indicate that while L.2 comprehenders are
capable of morphosyntactic prediction, such effects are weaker compared
to contextual and semantic prediction. This gives evidence that predictive
use of grammatical cues depends on stable lexical-syntactic mappings,
cross-linguistic overlap, and overall language proficiency. Recent reviews
by Schlenter (2023|) and Ito and Pickering (2021)) agree on the conclusion
that morphosyntactic prediction appears to be especially fragile in L2
comprehension: L2 speakers may rely more readily on semantic cues, but are
less consistent in exploiting morphosyntactic information, especially when it
is absent or differently realized in their L1. Ito and Pickering (2021) further
argue that one possible explanation lies within the prediction-by-production
framework (see Section [1.2.3). Since prediction is assumed to rely on
production mechanisms that are less automatized in the L2, the predictive
use of morphosyntactic cues in comprehension is particularly difficult.
However, this raises an important question as to why such differences are
less apparent for semantic prediction. One plausible explanation is that,
unlike grammatical prediction, which depends on precise morphosyntactic
representations, semantic prediction relies more on conceptual and
associative networks that are largely shared across languages. Evidence
from bilingual semantic memory research supports this view: studies using
repetition priming (showing faster or more accurate responses to repeated
concepts across languages) and false memory paradigms (where semantically
related words that were not actually presented are falsely recalled or
recognized across languages) consistently show that translation equivalents
access common core-meaning representations across languages (Francis,
2020), and that semantic associations, such as relationships between
categories and their members (e.g., fruit-strawberry) or between objects
and their typical actions (e.g., scissors—cut), are shared across bilingual’s
two languages. In contrast, morphosyntactic structures are inherently
language-specific, requiring the activation of L2-specific grammatical

encodings that may not be as readily accessible or automatized, particularly
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when they differ from L1 structures.

Phonological prediction in L2. Finally, another question is whether 1.2
comprehenders can pre-activate the phonological form of an expected word.
Phonological prediction has been widely debated even in L1 research, with
mixed evidence as to whether comprehenders routinely anticipate form-based

information or only under specific conditions (see Section [1.3.3)).

In native speakers, DeLong et al. (2005) reported graded N400 effects on
the English indefinite article a/an, showing that readers predicted whether
the next word would begin with a consonant or vowel. However, subsequent
replication attempts have yielded inconsistent results (see Section m
Nieuwland et al., [2018). Briefly, the large-scale multi-laboratory replication
by Nieuwland et al. (2018]), which reproduced the materials and procedures
of DeLong et al. (2005)) with a substantially larger native sample, confirmed
graded N400 effects on the nouns but not on the preceding articles,
suggesting no evidence for article-level phonological prediction. Extending
this paradigm, Martin et al. (2013)) addressed whether L2 comprehenders also
anticipate phonological form. English monolinguals and Spanish—English
late bilinguals read semantically constraining sentences such as “Since it
is raining, it is better to go out with an umbrella [expected| / a raincoat
[unexpected].” For native readers, ERP results showed sensitivity to article
congruency, replicating Delong’s findings. In contrast, L.2 readers showed no
anticipatory effect at the article, with N400 modulations only emerging at
the noun itself. The authors concluded that while L2 comprehenders engage
in lexical prediction, they do not reach a similar level of phonological form

pre-activation as native speakers.

In contrast to the reading-based ERP findings, a study using the
visual-world paradigm by Connell et al. (2021) tested whether L2 speakers
can use the English indefinite-article alternation to anticipate an upcoming
noun during spoken language comprehension. In their design, the sentence
context did not predict a specific noun (e.g., “The boy found...”); and the

article a/an was the only cue to the noun’s initial phoneme. Both L1 and
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L2 listeners made anticipatory fixations to the picture consistent with the
article before noun onset, and the effect was modulated by proficiency:
higher-proficiency L2 speakers showed earlier and stronger anticipatory
looks. These results indicate that, in spoken language comprehension, L2
speakers can use the a/an alternation as a phonological cue to anticipate

the next word.

While this shows that L2 listeners can anticipate from phonological
information explicitly provided in the input, a more stringent test is
whether L2 speakers also pre-activate the phonological form of a highly
predictable word strongly enough for its competitors to be activated.
As discussed in Section [1.3.3] Tto et al. (2018) tested both native and
non-native speakers using a visual-world paradigm. Focusing here on
the L2 results, Japanese learners of English heard constraining sentences
such as “The tourists expected rain when the sun went behind the...”
while viewing displays that included the target picture (cloud) alongside
a phonological competitor (clown), with an average overlap of 2.9 phonemes.
Native participants launched anticipatory looks to both the target and the
phonological competitor, indicating pre-activation of form. By contrast, L2
listeners showed delayed anticipatory looks to the target and no evidence
of competitor activation in the anticipatory window. Instead, they fixated
phonological competitors only after target onset, a pattern consistent with
priming rather than prediction, i.e., a bottom-up activation of phonologically
similar words in response to the incoming speech signal. A second condition
tested whether L2 speakers would activate phonological competitors from
their L1 Japanese while processing English sentences. In this cross-linguistic
condition, the name of the critical object in Japanese phonologically
overlapped with the Japanese translation of the English target. For instance,
when the English target was cloud (translated as kumo in Japanese) the
corresponding competitor was bear (kuma in Japanese). Despite this overlap,
participants showed no anticipatory fixations to the Japanese competitor.
The authors propose several reasons for this pattern, including weaker

lexical-phonological links in the L2 and slower lexical access that prevents
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prediction from reaching the form level. This account also aligns with
prediction-by-production models (discussed in Section [1.2.3)), according to
which phonological form corresponds to the final stage of language production

and thus the part most likely to be slowed down in L2 processing.

More recently, Yin and Pickering (2026) directly addressed the null findings
from Ito et al.’s (2018) cross-linguistic condition by investigating whether
the absence of L1 phonological prediction might reflect methodological
limitations rather than an actual inability of L2 comprehenders to
pre-activate L1 phonological forms.  Yin and Pickering hypothesized
that cross-linguistic phonological prediction might depend on language
context — specifically, whether both languages are actively in use during the
experiment. Using a visual-world eye-tracking paradigm, they tested whether
highly proficient Mandarin-English bilinguals pre-activate L1 (Mandarin)
phonological representations of predictable words while comprehending
L2 (English) spoken sentences, manipulating language context across two
experiments. Importantly, whereas Ito et al. used L1 Japanese competitors
with only partial phonological overlap with Japanese translations of
English targets (averaging 53% overlap), Yin and Pickering employed
Mandarin homophones providing complete phonological overlap between
competitors and target translations. For example, participants heard highly
constraining English sentences such as “You should take an umbrella with
you, because there will be heavy rain at three o’clock this afternoon” while
viewing displays containing a target object (rain, yu3 in Mandarin), a
Mandarin homophone competitor whose name was phonologically identical
to the target’s Mandarin translation (feather, also yu3 in Mandarin), and
unrelated objects. The results revealed a striking context-dependency
of cross-linguistic phonological prediction. In Experiment 1, in which
participants were exposed exclusively to English throughout the session
(a one-language context), there was no anticipatory fixation to the
Mandarin homophone competitor before English target onset, indicating
that prediction remained selective to the target language (English). In

Experiment 2, however, where the session included both English and
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Mandarin trials as well as instructions in Mandarin (a two-language
context), participants showed significantly increased anticipatory fixations
to the Mandarin homophone competitor before the onset of the English
target. The authors conclude that L2 comprehenders can pre-activate L1
phonological representations of predictable words, but only when both
languages are contextually relevant. They propose that in two-language
contexts, uncertainty about which language will be encountered next
leads to non-selective lexical prediction, with the comprehension system
activating candidate words in both languages. In contrast, in one-language
contexts, the certainty that only the target language will be used results in
language-selective prediction. However, these findings also raise questions
about the order of form preactivation. As Yin and Pickering note, their
design did not include L2 phonological competitors, leaving open whether
L2 comprehenders directly pre-activate L1 phonological representations of
predictable words, whether they first pre-activate L2 forms which then
activate L1 translation equivalents, or whether L1 forms are activated first

and subsequently trigger L2 translations.

While Ito et al. (2018) and Yin and Pickering (2026) examined whether
L2 comprehenders pre-activate the phonological form of a predictable target
strongly enough for its competitors to be activated, more recent work
has addressed a complementary question of whether L2 comprehenders
can use phonological cues from the input itself to generate predictions.
As discussed in the section on semantic prediction above (Section ,
Tagliani et al. (2025) investigated this issue by examining how Italian
learners of English integrate semantic and phonological cues during spoken
comprehension. Focusing on their phonological findings, participants heard
sentences designed to provide either only semantic cues (e.g., “A girl is
wearing a dress’, with displays containing a single wearable object), only
rhyme-based phonological cues (e.g., “A king is wearing a ring”, with displays
containing several wearable objects but only one rhyming with the target),
or both cue types combined (e.g., “A parrot is eating a carrot”, with one

wearable object among distractors that also rhymes). The authors used
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rhyme as a phonological manipulation because shared rime units (e.g.,
king-ring), on a par with cohort competitors sharing initial phonemes,
were found to activate overlapping phonological representations, as shown
in visual-world studies where rhyme competitors elicit increased fixations
during spoken word recognition (e.g., Allopenna et al., [1998; Magnuson
et al., |2003). Native English speakers showed strong anticipatory looks
driven by both cue types, although rhyme effects were weaker than semantic
ones. L2 learners, by contrast, relied primarily on semantic cues and on
the combination of semantic+phonological cues, but were consistently less
sensitive to rhyme-based information alone. Proficiency modulated these
effects: higher-proficiency learners showed clearer rhyme-based anticipation
than lower-proficiency learners, yet they still did not reach native-like
levels. As the authors conclude, while the capacity to exploit phonological
information gradually develops with increasing proficiency, it remains weaker,
slower to emerge, and more dependent on available processing resources than

predictive use of semantic information in L2 comprehension.

Taken together, these studies indicate that phonological cues tend to
be less efficiently exploited in L2 comprehension. Whereas semantic and
morphosyntactic information is often used predictively, pre-activation of
phonological form is inconsistent, weaker, and strongly modulated by
proficiency and language context. Within prediction-by-production accounts
(e.g., Ito & Pickering, [2021; Pickering & Gambi, [2018|), this pattern
is explained by the assumption that phonological prediction depends on
activating later stages of the production system. Because these stages
involve more detailed form encoding, they are more resource-demanding and

therefore particularly susceptible to slowdowns in a less automatized L2.

Cognates and cross-linguistic influence. A question that has been a
matter of concern for many scholars is how the bilingual language system
is organized: whether lexical access is language-selective (i.e., restricted to
the target language) or non-selective, such that representations from both

languages become co-activated even when processing takes place in a single
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language. Early accounts proposed some degree of selectivity, assuming
that bilinguals could efficiently restrict activation to the relevant lexicon
(e.g., Scarborough et al., [1984)). However, a large body of experimental
evidence now supports non-selective access, where cross-linguistic overlap at
the orthographic, phonological, and semantic levels can influence processing
across tasks and modalities (Dijkstra & Van Heuven, 2002} Duyck, [2005;
Marian et al.,|2003; Schwartz et al.,2007). At the semantic level in particular,
research on bilingual memory has demonstrated that translation equivalents
and related words access shared conceptual representations across languages
(Francis, [2020)), suggesting that the bilingual lexicon is integrated at the level

of meaning even if surface-form representations remain partially distinct.

At the same time, non-selectivity is not absolute: several studies
have demonstrated that cross-linguistic information can be strategically
suppressed when it is unhelpful for the task at hand. For instance, Mercier
et al. (2016) showed that bilinguals who had just spoken in a different
language exhibited reduced cross-language competition in a subsequent
comprehension task, consistent with global inhibition of the non-target
system. This distinction between global and local inhibition has been
formalized in theoretical accounts: global control refers to the suppression
of an entire language system depending on context, whereas local control
applies more narrowly to specific competing lexical items (De Groot &
Christoffels, [2006). Converging evidence for such context-driven suppression
comes from ERP studies showing long-lasting inhibition of the dominant
L1 during L2 production (Misra et al., 2012) as well as from immersion
research demonstrating reduced L1 access when learners are immersed in an
L2 environment (B. J. Levy et al., 2007} Linck et al., 2009).

The scope of non-selectivity may vary across representational levels
and across speakers. For example, as mentioned above, Ito et al. (2018])
found that Japanese learners of English did not pre-activate Japanese
words that overlapped phonologically with highly expected English targets,
suggesting that cross-linguistic phonological pre-activation may not occur in

L2 comprehension. Yet even in L1, evidence for phonological pre-activation
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during comprehension remains mixed (see Section , raising the
possibility that form-level prediction is generally difficult to detect and
that its absence does not necessarily contradict the broader non-selectivity
account. Furthermore, the degree of cross-language activation appears
to depend on language proficiency and experience. Branzi et al. (2021)
investigated this question with Chinese native speakers who varied in their
proficiency in L2 English. In a semantic relatedness judgment task conducted
entirely in English, the authors found that cross-language activation of
Chinese, contrary to expectations, increased with L2 proficiency. More
proficient bilinguals showed a stronger character repetition effect, i.e., they
were more influenced by phonological overlap in the Chinese translations of
the English words, whereas lower-proficiency participants showed evidence
of L1 inhibition. This suggests that, rather than inhibiting their first
language to optimize L2 processing, highly proficient bilinguals activate
phonological representations from both languages in parallel. According
to the authors, this reflects a qualitative shift in control mechanisms
with increasing proficiency: less proficient speakers rely on inhibition to
minimize interference from L1, whereas more proficient bilinguals develop
stronger bidirectional connections between their L2 lexicon and the shared

conceptual-semantic system, leading to more efficient comprehension.

One of the most compelling demonstrations of such cross-linguistic
influence comes from cognates — lexical equivalents that share both form
and meaning in distinct languages (e.g., English piano — Italian piano;
Payesteh and Pham, 2022). Cognates typically show faster recognition and
production latencies than noncognates, a pattern known as the cognate
facilitation effect (Costa et al., 2000). In a paired-associate learning
paradigm with Dutch—English word pairs, in which participants learn L2
words by repeatedly pairing each with its L1 translation, De Groot and
Keijzer (2000) demonstrated that cognates are learned faster, retrieved more
accurately, and forgotten less rapidly than noncognates. Their experiments
show that shared form-meaning structure facilitates the establishment of

new L2 word—concept links. Although their study focused on vocabulary
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learning rather than online comprehension, their results suggest that
cognates reduce learning load because they can be mapped onto pre-existing
L1 representations, and this mapping advantage likely persists during
real-time processing. A parallel pattern is observed in spoken production.
In a picture-naming study, Hoshino and Kroll (2008) found that bilinguals
named cognate pictures faster and more accurately than noncognates, even
when their two languages used different scripts (e.g., Japanese-English).
Because no written forms were presented, this facilitation must have arisen
from cross-language phonological activation during speech planning rather
than from visual orthographic overlap. However, the direction of this effect
in production can vary depending on the degree and type of cross-linguistic
overlap. In production tasks such as word naming, when the stimulus is
a written word rather than a picture, cognates with high orthographic
similarity but divergent phonological forms (e.g., English base /beis/ vs.
Spanish base /'ba.se/) can produce interference rather than facilitation
(Jared & Kroll, 2001, Schwartz et al., 2007). This occurs because such
cognates activate competing phonological codes from both languages, and
inhibiting the competing alternative from the non-target language delays
articulation, particularly for less proficient L2 speakers (Jared & Kroll,
2001)).

Recent evidence from L2 vocabulary research further illustrates the
strength and asymmetries of cognate facilitation. In a study on Italian
learners of English (aged 15-19, proficiency levels A2-C1), Vender and
Nardon (2023)) examined how cognate status affects both orthographic and
phonological lexical decision performance using an adapted V_ Yes/No test.
Participants were presented with both real English words (e.g., elegance)
and pseudowords (e.g., *rudge) in either written or auditory form, and were
asked to indicate which items they recognized as real English words. The
test included cognates (words with formal similarity to Italian equivalents,
e.g., remove — ltalian rimuovere) as well as non-cognates. The authors
found that cognates were recognized more accurately across both modalities

and all proficiency levels, but the facilitation was markedly stronger in the
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orthographic condition. Interestingly, formal similarity also led to higher
rates of false alarms: pseudowords resembling Italian words (e.g., *intimant)
were more often incorrectly accepted as real English words, particularly in
written form (Vender & Nardon, 2023|). These findings indicate that cognate
facilitation depends not only on cross-linguistic overlap but also on the input
modality, with orthographic processing showing a greater susceptibility to

cross-language influence.

With respect to the sentence-level processing, while some studies
demonstrate that cognate facilitation persists even in highly constraining
sentences (e.g., Libben & Titone, 2009; Van Assche et al.,[2011)), others report
attenuation or absence of such effects under strong contextual constraints
(e.g., Schwartz & Kroll, 2006; Van Hell & De Groot, 2008). Further
evidence comes from reading research: in an eye-tracking study of English
L1 sentence reading, Titone et al. (2011) found cognate facilitation among
highly proficient English-French bilinguals on early eye-movement measures
(first fixation duration, gaze duration). These early effects suggested
automatic activation of the French cognate forms even in high-constraint
English contexts. However, later-stage measures (go-past time, total
reading time), which reflect semantic integration, showed reduced cognate
facilitation under strong contextual bias. Because the study examined L1
reading of written words, the results cannot be straightforwardly generalized
to L2 spoken comprehension. Nonetheless, they indicate that contextual
predictability does not eliminate early cross-language activation but may
dampen its persistence during later processing stages. Taken together,
discrepancies across studies likely arise from differences in semantic
constraint, task demands (e.g., eye-tracking vs. lexical decision), the nature
of the cognates tested (identical vs. non-identical, high vs. low frequency),
presentation modality (written vs. spoken), and psychotypological factors,
i.e., bilinguals’ subjective perceptions of linguistic distance between their
languages (Kellerman, 1979). Speakers of typologically close language pairs
may exhibit stronger cognate effects, as perceived similarity increases the

likelihood of cross-linguistic activation and transfer (see also Odlin, |1989).
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To sum up, cognates provide key insights into the architecture of the
bilingual lexicon and the mechanisms of cross-linguistic influence. Their
consistent facilitation across tasks supports models of non-selective lexical
access, in which lexical candidates from both languages are activated in
parallel during word recognition (Dijkstra & Van Heuven, [2002). At
the same time, variability in cognate effects across contexts demonstrates
that cross-language activation is not fixed but dynamically modulated
by factors such as semantic constraint, task demands, L2 proficiency,
modality of presentation, and psychotypological distance. Cognates are also
particularly relevant for understanding predictive processing in bilinguals:
their form—meaning overlap across languages provides a test case for whether
anticipatory mechanisms engage lexical representations from both languages
or remain restricted to the target language. Although no studies have directly
examined cognate pre-activation, early facilitation effects observed during
reading (e.g., Libben & Titone, 2009) suggest that cross-linguistic activation
occurs rapidly, potentially even before full lexical access. More broadly,
research on cognates illustrates how bilingual comprehension is shaped not
by a single dominant language, but by the dynamic interplay between two

or more linguistic systems.

1.4.2 Language Comprehension in Dyslexia

Developmental dyslexia is a specific learning disorder of neurobiological
origin that primarily affects the acquisition of fluent and accurate
reading and spelling, which cannot be explained by low intelligence,
inadequate instruction, sensory impairment, or lack of motivation. It is
a heritable, lifelong condition with an early onset that typically reflects
an underlying deficit in the phonological component of language and
persists despite adequate educational opportunity (Snowling et al., 2020).
A recent comprehensive meta-analysis of 58 studies across multiple
languages reported that the global prevalence of developmental dyslexia
is approximately 7% among primary school children, with no significant

differences in prevalence across writing systems or orthographic depths
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(Yang et al., 2022). Orthographic depth refers to the degree of consistency
in the mapping between graphemes and phonemes in a given writing
system: in transparent orthographies such as Italian or Finnish, the
correspondence between letters and sounds is highly consistent and nearly
one-to-one, whereas in opaque orthographies such as English or French,
these mappings are irregular and variable. Cross-linguistic research confirms
that while the surface manifestations of dyslexia differ depending on
orthographic transparency, with decoding accuracy being more affected in
opaque systems, the underlying cause is universal and rooted in impaired

phonological development (Ziegler & Goswami, 2005).

The phonological deficit hypothesis remains the most widely accepted
explanatory framework for dyslexia. It posits that individuals with
dyslexia possess less precise and less efficiently accessible phonological
representations. This phonological deficit is present from the preschool
years, long before formal literacy instruction begins, and hinders the
acquisition and automatisation of grapheme—phoneme correspondences,
thereby impairing fluent reading (Snowling et al., 2020; Vellutino et al.,
2004). The deficit manifests most directly in phonological awareness —
the ability to detect and manipulate sublexical units such as syllables,
onsets, rimes, and phonemes. Phonological awareness is a strong predictor
of literacy acquisition across languages and orthographies, persisting into
adolescence and adulthood (Carioti et al., [2021; Snowling et al., [2020;
Vellutino et al., 2004; Ziegler & Goswami, 2005]).

Beyond phonological awareness, individuals with dyslexia often show
difficulties in lexical access — the efficiency of retrieving stored phonological
representations from memory (Boets et al.,2013; Ramus & Szenkovits, 2008)).
This difficulty is commonly assessed through rapid automatized naming
(RAN) tasks, which measure the efficiency of retrieving phonological labels
for familiar visual stimuli such as letters, digits, colors, or objects (Denckla
& Rudel, [1976; Norton & Wolf, 2012). Deficits in RAN performance are
consistently observed in children and adults with dyslexia and reflect reduced

processing efficiency at the interface of visual recognition, phonological
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retrieval, and motor articulation (Georgiou et al., 2018).  Moreover,
RAN has been identified as another cognitive marker and predictor of
dyslexia across ages and orthographies. ~While phonological awareness
emerges as a stronger predictor specifically in opaque orthographies, RAN
remains a robust predictor across all writing systems (Carioti et al.,
2021; Reis et al., 2020; Vender & Delfitto, 2024; Vukovic et al., 2004).
Another domain that is consistently affected in dyslexia concerns verbal
working memory, which supports the temporary storage and manipulation
of phonological information during reading and spoken language processing
(Just & Carpenter, [1992)). Tt is typically assessed through tasks such as
digit span or nonword repetition that tax phonological encoding (Snowling,
2000). Individuals with dyslexia consistently show reduced verbal working
memory spans, which negatively affect their ability to maintain phonological
codes active during decoding and to integrate information during reading

comprehension (Reis et al., 2020)).

In addition to phonological awareness and lexical-access deficits,
individuals with dyslexia exhibit persistent difficulties in morphological
processing. Such difficulties have been documented using both explicit and
implicit measures of morphological knowledge across different languages,
and are observable from childhood into adulthood (Joanisse et al., 2000;
Melloni & Vender, 2022 Schiff & Raveh, 2007; Vender & Delfitto, 2024]).
Evidence from implicit measures comes from the priming study of Schiff and
Raveh (2007), who investigated Hebrew-speaking adults with developmental
dyslexia using a word fragment completion task. While typical readers
showed robust morphological priming effects, adults with dyslexia did not
exhibit facilitation from morphologically related primes. This absence of
morphological priming suggests reduced automatic sensitivity to morphemic
structure during lexical access, even in tasks that do not require conscious

reflection on morphological form.

Evidence from explicit, production-based tasks indicates that
morphological difficulties are also observable when individuals with

dyslexia are required to actively manipulate morphological structure.
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Vender and Delfitto (2024) provided comprehensive evidence for persistent
linguistic impairments in Italian adolescents and adults with dyslexia (aged
16-30 years), compared to age-matched typical readers. Their assessment
included measures of reading (text, word, and nonword reading), spelling,
phonological awareness (nonword repetition, spoonerisms, syllabic and
phonemic inversion), morphological awareness (nonword pluralization,
past participle inflection, nonword suffix choice), and lexical access (RAN
tasks). Results demonstrated pervasive impairments in dyslexia across
all measured dimensions.  With respect to morphology, adults with
dyslexia showed intact performance in some inflectional tasks, such as
pluralization of novel nouns, but persistent weaknesses emerged in the
inflectional marking of verbs, specifically in forming past participles
from pseudowords, as well as in derivational word formation. The study
also evaluated the effects of a multi-component web-based personalized
intervention combining phonological, orthographic, and morphological
training. Following the intervention, adults with dyslexia showed significant
improvements in word and text reading, spelling accuracy, and the speed
of phonological processing, with smaller gains in nonword reading. These
findings underscore that dyslexia is a lifelong condition characterized by
persistent deficits not only in literacy skills but also across multiple levels
of linguistic competence, including phonological processing, morphological
awareness, and lexical retrieval. Importantly, the study also demonstrated
that targeted interventions can lead to measurable improvements in adult

literacy performance.

Beyond phonological and morphological awareness, individuals with
dyslexia experience persistent difficulties in morphosyntactic and
grammatical processing more broadly. These difficulties are particularly
evident in constructions involving syntactic movement, such as object clitic
pronouns, wh-questions, relative clauses, as well as passive constructions.
All of these structures place substantial demands on working memory
and require maintaining morphosyntactic features across long-distance

dependencies. Difficulties have also been reported for sentential negation
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(Vender & Delfitto, 2010). Evidence for such morphosyntactic difficulties
has been documented in both children (Arosio et al., [2016; Cardinaletti
et al., [2022; Guasti et al., 2015; Zachou et al.,|2013) and adults (Cardinaletti
& Volpato, 2015, Marotta, 2022} Stella & Engelhardt, 2019 Wiseheart
et al., 2009).

Evidence that morphosyntactic difficulties persist well into adulthood, even
among individuals with high levels of education, comes from Marotta (2022),
who used the Italian adaptation of the Test for Reception of Grammar
(TROG-2_1I) to assess morphosyntactic competence in Italian university
students with dyslexia (aged 19-24 years). In this test, participants hear a
sentence and must select the corresponding picture among four alternatives,
with each block targeting a specific grammatical construction (e.g., passives,
relative clauses, coordination, negation, prepositional structures). For
instance, in Block T assessing embedded object relative clauses, participants
heard sentences like Luomo che l’elefante quarda sta mangiando (‘The man
that the elephant is looking at is eating’) and had to select the image
showing the correct thematic role assignment. Compared to age-matched
controls, adults with dyslexia showed significantly lower overall performance,
with particular difficulties in identifying syntactic subjects in null-subject
sentences, reconstructing syntactic sequences with intervening embedded
elements between subject and verb, and comprehending relative clauses,

particularly object relatives (Marotta, 2022).

Similar conclusions arise from studies of Italian adolescents with dyslexia.
Cardinaletti et al. (2022) used a sentence repetition task and an elicited
production task to investigate complex structures derived by syntactic
movement (clefts, long-distance wh-questions, left-dislocations with clitic
resumption, and relative clauses) in high-school students with and without
dyslexia. In the sentence repetition task, participants heard complex
sentences and were asked to repeat them verbatim. The performance on
sentence repetition tasks serves as an indicator of an individual’s grammatical
ability, as accurate repetition typically suggests that the structure belongs to

the participant’s grammatical competence (Armon-Lotem & Marinis, 2015).
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In the elicited production task, participants viewed images of two referents
and were asked to instruct a blindfolded puppet to touch one of them, a
context designed to elicit restrictive relative clauses for disambiguation. In
repetition, participants with dyslexia produced significantly fewer correct
relative clauses than age-matched peers. Specifically, adolescents with
dyslexia correctly repeated relative clauses only 22.5-37% of the time,
depending on age, whereas typically developing peers showed substantially
higher accuracy (higher than 50%). Crucially, experimental sentences
containing complex syntax were repeated with lower accuracy than control
sentences of identical length, suggesting that the observed difficulties stem
from syntactic complexity rather than memory limitations alone. In elicited
production, dyslexic participants showed marked difficulties with genitive
and prepositional relative clauses, which are characteristic of formal registers
and are typically learned through reading. Individuals with dyslexia often
replaced the formal genitive relative pronoun il cui (‘whose’) with the
colloquial complementizer che (‘that’), as in *Tocca il papa che il figlio
gioca a calcio (‘Touch the dad that the son plays soccer’) instead of the
target Tocca il papa il cui figlio gioca a calcio (‘Touch the dad whose son
plays soccer’). They also omitted the article component of the prepositional
genitive construction al cui, producing structures such as * La mamma bacia
la bambina a cui il fratello piacciono le tigri (‘The mother kisses the girl
to whom the brother “likes” the tigers’) instead of the target La mamma
bacia la bambina al cui fratello piacciono le tigri (‘The mother kisses the girl
whose brother likes tigers’). Finally, they produced incorrect prepositional
forms, for example *Tocca il tetto il cui spazzacamino scende (‘Touch the
roof whose chimney sweep descends’) instead of the target Tocca il tetto dal
quale scende lo spazzacamino (‘Touch the roof from which the chimney sweep
descends’). These findings indicate that processing grammatical features
across long-distance dependencies remains vulnerable in dyslexia well into

adolescence.

Converging evidence from online measures comes from eye-tracking studies
of sentence reading. Stella and Engelhardt (2019)) demonstrated that adults
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with dyslexia show significantly longer reading times at the disambiguating
region of garden-path sentences (see more details about the garden-path
effect in Section and lower comprehension accuracy compared to
typical readers, with working memory mediating the comprehension deficit.
Importantly, the online processing difficulty, indexed by total reading times at
the disambiguating verb, remained significant even after variance in working
memory was accounted for, pointing to a more specific syntactic integration

difficulty in dyslexia beyond what general cognitive limitations can explain.

Although dyslexia is typically diagnosed using reading-related tasks, its
phonological deficits can also be observed in spoken language comprehension.
Desroches et al. (2006), for instance, used the visual world paradigm to
examine auditory word recognition in children with dyslexia. Children heard
audio instructions to look at specific objects (e.g., “Now look at the candle”)
while viewing a display containing four objects (see Figure for a display
example used by the authors). When presented with displays including a
target (e.g., candle) alongside cohort competitors (e.g., candy) or rhyme
competitors (e.g., sandal), typically developing children showed interference
from both competitor types, whereas dyslexic children were insensitive to
rhyme competition. The authors concluded that typical readers categorize
auditory stimuli on both their segmental (cohort) and suprasegmental
(rhymes) properties, while children with dyslexia are sensitive only to
segmental information, despite normal performance on explicit rhyme

awareness tests.

Other work has confirmed that spoken comprehension in dyslexia is
affected when phonological processing is taxed more heavily. Robertson
and Joanisse (2010]) examined sentence comprehension in school-age children
with dyslexia compared to age-matched controls and children with specific
language impairment. The researchers used a sentence—picture matching task
where children heard sentences and selected the corresponding picture from
four options. The study manipulated two key factors: syntactic complexity
(comparing canonical sentences like “The man is pointing at the boy” with

noncanonical ones like “The man is pointed at by the boy”) and working
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Figure 1.9: Example of a visual display used in Desroches et al. (2006). Note. From
Desroches, A. S., Joanisse, M. F., & Robertson, E. K. (2006). Specific phonological
impairments in dyslexia revealed by eyetracking. Cognition, 100(1), B32-B42. (©) 2005
Elsevier. Reproduced with permission.

memory load by varying when pictures appeared relative to the spoken
sentence. Under minimal working memory demands (when pictures were
displayed before the sentence onset), children with dyslexia performed as
well as controls on both sentence types. Notably, a language-impaired
group showed significant comprehension deficits even under these minimal
demands, confirming that the relatively preserved performance in dyslexia
was not simply due to task insensitivity. However, when memory load
increased by presenting pictures only after the sentence ended, all children
(including controls) showed greater difficulty with noncanonical sentences,
suggesting that syntactic processing becomes challenging for everyone under
increased demand. A different, more specific pattern emerged when working
memory was taxed even further by adding a 3-second delay between the
sentence and the pictures. In this most demanding condition, dyslexic
children showed significantly greater difficulty with noncanonical sentences
compared to canonical ones, while age-matched controls no longer showed

this difference. The authors suggest that age-matched controls may have
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used their stronger phonological short-term memory to rehearse the sentence
during the delay, facilitating syntactic parsing, whereas dyslexic children’s
weaker storage capacity prevented such processing.  This deficit was
particularly pronounced for longer sentences, which placed heavier demands

on phonological short-term memory.

More recently, Schwarz et al. (2024) demonstrated that phonological
deficits also shape how dyslexic adults process familiar words in
real-time. Dyslexic participants showed weaker sensitivity both to
neighborhood density, the extent to which a word has many similar-sounding
neighbors differing by a single phoneme (e.g., cat, cap, can), and to word
frequency, suggesting less precise and less efficiently accessed phonological
representations. This was evident not only in their behavior but also in
the brain: magnetoencephalography revealed reduced activity in the left
superior temporal gyrus, a region central to speech perception, between 200
and 500 ms after word onset, the time window when phonological and lexical
information is normally integrated. Importantly, these processing differences
were observed in the auditory modality during passive listening, confirming
that the deficits reflect core language processing difficulties rather than

reading-specific problems.

Together, these findings underscore that dyslexia is not confined to
difficulties with printed text. Rather, it reflects a deficit in the phonological
system that also affects how spoken words are represented, accessed, and
integrated during everyday language comprehension. Importantly, these
difficulties are not restricted to childhood but persist into adulthood, even

among individuals who have achieved compensatory reading skills.

Predictive processing in dyslexia. The studies reviewed above show
that dyslexia can sometimes affect online spoken word recognition, with
individuals displaying difficulties, especially under increased memory or
processing demands. These findings raise the question of whether such
difficulties also extend to predictive processing, the ability to anticipate

upcoming linguistic input before it is encountered. Prediction is thought to

77



facilitate comprehension by giving listeners a “head start” on word recognition
and integration, but if phonological access is impaired in dyslexia, the
ability to pre-activate upcoming words and integrate contextual cues during

real-time comprehension may be limited.

Importantly, the investigation of predictive processing in dyslexia was
directly motivated by earlier work demonstrating that literacy level more
broadly modulates anticipatory spoken language processing. Mishra et al.
(2012) showed that Indian low literates, unlike high literates, failed to
anticipate upcoming target objects in a visual world paradigm even when
the sentence context strongly supported prediction, shifting their gaze to the
correct referent only well after noun onset. This finding was interpreted as
evidence that reading proficiency fine-tunes predictive mechanisms (Huettig
& Mishra, [2014). Converging evidence came from Mani and Huettig (2014),
who found that word reading scores predicted anticipatory eye movements
in eight-year-old children at the cusp of literacy acquisition, independently
of spoken language proficiency. Together, these results suggested that it is
specifically the acquisition of reading, rather than spoken language experience

alone, that sharpens the lexical representations needed for efficient prediction.

Against this background, Huettig and Brouwer (2015)) tested whether
similar delays would be observed in adults with dyslexia, who typically
have substantially reduced reading experience relative to typical readers.
They provided one of the first demonstrations that prediction during
spoken language processing is impaired in individuals with dyslexia. The
authors tested Dutch adults with and without dyslexia in two visual world
eye-tracking experiments. The aim of Experiment 1 was to establish
whether individuals with dyslexia show the same basic language-mediated
eye movement patterns as controls. Both groups were able to use the
unfolding speech signal to direct attention to relevant objects. However,
crucial group differences emerged in Experiment 2, when grammatical gender
on the article served as a predictive cue. Dutch nouns are marked for gender:
common-gender nouns take the article de and neuter-gender nouns take

het. Hearing the article, therefore, immediately restricts the set of possible
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upcoming nouns. For example, on one trial, the target object piano was
a common-gender noun (de piano), while the three unrelated distractors
were neuter — het varken (‘pig’), het bord (‘plate’), and het papier (‘paper’).
The spoken instruction was Kijk naar de afgebeelde piano (‘Look at the
displayed piano’). The word afgebeelde (‘displayed’) was inserted between
article and noun to ensure that participants had enough time to anticipate
the target, with the noun onset occurring on average 2009 ms after article
onset. Control participants rapidly used the gender cue to anticipate the
upcoming referent, shifting their gaze to the correct object well before the
noun was spoken. Adults with dyslexia, by contrast, showed a significant
delay in anticipating the target. Moreover, the degree of delay correlated
with participants’ word reading scores, such that poorer readers were also less
efficient predictors. Huettig and Brouwer concluded that literacy experience
plays a critical role in fine-tuning predictive mechanisms in spoken language.
Because adults with dyslexia typically have less reading experience, they
may rely less efficiently on grammatical cues such as gender during real-time

comprehension, resulting in delayed anticipatory eye movements.

A related study by Engelhardt et al. (2021) investigated prediction in
dyslexia using a speeded plausibility judgment version of the cloze task.
Adults with and without dyslexia read sentences that varied along two
dimensions: (1) sentence constraint (whether the sentence context strongly
limited possible continuations or left many plausible options) and (2) cloze
probability of the final word. In the high-cloze continuation condition, the
sentence ended with the most predictable completion (e.g., “The ruby was so
big it looked like a ... cherry”), whereas the low-cloze condition used a less
common but still plausible ending (tomato). In the anomalous condition,
the sentence ended with a semantically incongruous word (jacket). Each
type of continuation appeared in both high-constraint sentences, where only
a few endings were plausible, and low-constraint sentences, where multiple
alternatives fit the context (see Figure[L.10|for example stimuli). Participants
judged whether each sentence “made sense” as quickly as possible, and

reaction times to the sentence-final word were taken as the key measure.
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The results showed that both groups were faster for highly predictable
completions in high-constraint contexts, demonstrating sensitivity to cloze
probability. However, a group difference emerged in low-constraint contexts:
while controls still showed faster responses to high-cloze relative to low-cloze
endings, individuals with dyslexia did not differentiate between them,
suggesting reduced ability in using weaker contextual constraints. Overall,
adults with dyslexia were also slower across conditions. The authors
interpreted these findings as evidence that adults with dyslexia engage in
less incremental semantic processing, i.e., they process the sentence in a
shallower way until the final word is encountered, rather than pre-activating
likely continuations as the context unfolds. This difficulty was most
apparent in low-constraint contexts, where prediction requires maintaining
and integrating multiple potential continuations. Engelhardt et al. (2021])
noted that the underlying cause remains uncertain. They suggested that
limitations in working memory capacity could play a role, given that
maintaining and integrating multiple potential continuations places high
demands on memory resources, but this factor was not directly assessed in
their study. Instead, the authors proposed it as one possible explanation
alongside differences in linguistic experience and reading practice. This
interpretation aligns with the account offered by Huettig and Brouwer (2015),
who argued that literacy experience fine-tunes predictive mechanisms in
spoken language comprehension. Although Engelhardt et al. (2021) interpret
their findings as evidence of predictive processing, it is worth noting that
their measure (reaction times to the sentence-final word) indexes post-lexical
facilitation rather than anticipatory activation per se. As the authors
acknowledge, they conceptualize facilitated integration and prediction as “two
sides of the same coin,” meaning that faster responses to predictable endings

reflect the effects of prediction.

Working memory capacity is another domain-general factor increasingly
linked to predictive processing. Research on neurotypical adults shows that
verbal working memory (VWM) enhances both the efficiency and timing

of anticipatory language comprehension. Huettig and Janse (2016) found
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High Low Anomalous

Low Constraint

The ruby was so big it looked like a . Cherry (0.14) Tomato (0.07)  Jacket
I don’t know why he didn't take his . Medicine (0.14) Eérg;))r clla Pavement
They went to the rear of the long . Queue (0.15) Train (0.06) Nails
Hank reached into his pocket to get the ___.  Money (0.30) Change (0.09)  Shade
The hunter shot and killed a large Deer (0.36) Lion (0.06) Wind
High Constraint
The sail got loose so they tightened the __.  Rope (0.54) Mast (0.06) Idea
Yesterday, they canoed down the . River (0.81) Amazon (0.01) Woods
The ship disappeared into the thick . Fog (0.89) Mist (0.10) Cat
At night, the old woman locked the . Doors (0.94) House (0.03) Feast
Her job was easy most of the . Time (0.99) Way (0.01) Hair

Figure 1.10: Example of sentence stimuli. Note. From Engelhardt, P. E., Yuen, M. K.
Y., Kenning, E. A., Filipovi¢, L. (2021). Are linguistic prediction deficits characteristic
of adults with dyslexia? Brain Sciences, 11(1), 59. (C) 2021 The Authors. Distributed
under the terms of the Creative Commons Attribution License (CC BY 4.0).

that both working memory and processing speed independently predicted
anticipatory eye movements during spoken language comprehension in a
Dutch grammatical gender prediction task similar to that used in Huettig
and Brouwer’s (2015)) dyslexia study. Using a sample of 105 participants
aged 32-77, the authors measured working memory via multiple tasks
(nonword repetition, backward digit span, and Corsi block tapping) and
processing speed via digit—symbol substitution and letter comparison tasks.
Multiple regression analyses revealed that enhanced working memory abilities
and faster processing speed each predicted more efficient anticipatory eye
movements. Similarly, as discussed earlier (see page 43), Li and Qu (2023)
demonstrated that VWM capacity modulated the time course of semantic
prediction in Mandarin Chinese, with high-span participants initiating
semantic prediction approximately 500 ms earlier than low-span participants.
These studies did not examine individuals with dyslexia. Nevertheless,
given that VWM is consistently impaired in dyslexia (e.g., Reis et al.,
2020; Smith-Spark et al., 2003), reduced working memory capacity may
plausibly contribute to delayed prediction in this population, potentially
interacting with factors such as limited literacy experience and shallower

semantic processing.

Taken together, the available studies suggest that individuals with
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dyslexia are capable of predictive processing, but that their anticipatory
mechanisms are slower and less efficient, particularly in contexts with weaker
constraints. In Huettig and Brouwer’s (2015) study, this manifested as a
delay in using grammatical gender cues to anticipate referents in spoken
comprehension, while Engelhardt et al. (2021) found reduced facilitation for
less predictable but contextually appropriate continuations during sentence
listening. Both studies pointed to limited reading experience as a likely
factor constraining prediction in dyslexia, with Engelhardt et al. further
emphasizing that this may result in less incremental, shallower semantic
processing where individuals wait until the final word is encountered rather
than pre-activating alternatives as the sentence unfolds. Moreover, evidence
on verbal working memory further suggests that domain-general capacity
limitations may modulate the timing of prediction, raising the possibility
that such constraints also play a role in the slowed anticipatory processing

observed in dyslexia.

With only a few studies directly addressing predictive processing
in dyslexia, the evidence base remains too limited to draw definitive
conclusions.  The present study therefore directly examines whether
individuals with dyslexia use grammatical gender information to anticipate
upcoming referents, whether they pre-activate semantic and phonological
form information of highly predictable words during spoken language
comprehension, and whether prediction is modulated by individual
differences in reading experience, language proficiency, and cognitive
abilities (e.g., processing speed, executive control, and attention) directly
comparing to the typical reader population. The study aims to contribute
to the existing research and clarify whether predictive differences in dyslexia
reflect limitations in the use of specific cues or more general constraints on

anticipatory processing.
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1.5 The Tyrolean-speaking Community in
South Tyrol

1.5.1 Geographic and Demographic Context

The Autonomous Province of Bolzano-South Tyrol (German: Autonome
Provinz Bozen - Sudtirol; Italian: Provincia Autonoma di Bolzano - Alto
Adige) (see Figure represents a unique case in Italy as the only
multilingual territory where German speakers constitute the demographic
majority following the region’s annexation to Italy after World War I.
According to the 2024 language group census, among Italian citizens resident
in South Tyrol, 68.61% belong to the German-speaking language groupf]
26.98% to the Italian-speaking group, and 4.41% to the Ladin-speaking group
(ASTAT, 2024).
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Figure 1.11: Map of the Autonomous Province of Bolzano—South Tyrol, Italy. Note.
From Ding, L., Xiao, G., Calvanese, D., et al. (2021). Consistency assessment for
open geodata integration: An ontology-based approach. Geolnformatica, 25, 733-758.
(©) Springer Nature. Reproduced with permission.

5In the South Tyrolean context, “German-speaking language group” refers to the
legal-administrative affiliation declared in the census (deutsche Sprachgruppe | gruppo
linguistico tedesco; ASTAT, 2024). This categorization does not necessarily reflect actual
language use: members of this group typically speak Tyrolean dialects in daily life, while
Standard German is reserved for formal, written, and educational domains (see Section

below for a more detailed discussion).
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Moreover, the territorial distribution of these language groups reveals
pronounced spatial segregation patterns. Casalicchio (2024) distinguishes
three areas of the region based on the main languages spoken: urban areas
(mainly Bolzano, Merano, and Bressanone), The South Tyrolean Unterland
(Italian: Bassa Atesina, the southernmost part of the region) together with
Ladin-speaking valleys, and the rest of the territory. In urban areas, both
Italian and Tyrolean coexist, with a majority of the population exhibiting
low to intermediate proficiency in their second language (Casalicchio, 2024).
Approximately 70% of the region’s speakers of Italian reside here. The Bassa
Atesina and Ladin valleys are characterized by the use of multiple languages,
including Italian, local German dialects, Ladin, and a Romance dialect
(Central Trentino), with Standard German present primarily in formal and
written domains. The remaining territory in South Tyrol is populated
predominantly by members of the German-speaking language group, who

typically use Tyrolean dialects (Casalicchio, |2024)).

1.5.2 Tyrolean and German in South Tyrol: Linguistic

Classification, Diglossia, and Multilingualism

The linguistic situation of the region is best captured by the concept
of diglossia. In its classic formulation, diglossia refers to the functional
specialization of two language varieties, with one serving as the High (H)
variety in formal, institutional, and written domains, and the other as the
Low (L) variety in everyday oral interaction (Ferguson, 2000, as cited in
Dal Negro, 2010). In South Tyrol, Standard German fulfills the role of the
H variety, used in education, administration, and written communication,
while Tyrolean dialects serve as the L variety, governing informal spoken

communication.

Tyrolean dialects show considerable internal diatopic variation. Lanthaler
(2001, cited in Ciccolone [2010)) describes this as a “dialectal continuum”
(Dialektkontinuum) linking local village varieties, unified valley-level dialects
(Taldialekte), and ultimately a regional Umgangssprache (common language)

that unites the entire region. From a broader perspective, South Tyrolean
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dialects are part of the Southern Bavarian group and are continuous with
Tyrolean dialects spoken in Austrian Tyrol. They are generally divided into
three subgroups: Western Tyrolean (with Alemannic influence, especially in
the Vinschgau Valley — Val Venosta), Central Tyrolean (including Merano,
Bolzano, and Bressanone), and Eastern Tyrolean (covering the Puster Valley

— Val Pusteria and parts of eastern Austria) (Casalicchio, 2024).

Tyrolean dialect and Standard German differ systematically across all
levels of linguistic structure. Phonologically, for example, Southern Bavarian
varieties exhibit unique features such as initial laryngeal neutralization
patterns absent from Standard German (Vietti et al.,[2018]). Morphologically,
Tyrolean shows extensive case syncretism, particularly in Vinschgau dialects,
where nominative, accusative, and dative cases collapse into single forms
— a phenomenon documented by the AlpiLinK research project (AlpiLinK,
2023)). Lexically, Tyrolean incorporates Italian and Ladin loanwords absent
from Standard German, reflecting centuries of contact-induced change
(Casalicchio, [2024). These differences explain why Standard German
functions for many Tyrolean speakers almost like a second language despite
its status as their primary written language acquired through formal

education.

The sociolinguistic consequences of this configuration are profound.
South Tyrolean speakers often associate Standard German with education,
institutions, or tourists from Germany. As a result, some members of the
German-speaking group report feelings of linguistic insecurity or inferiority
in relation to Standard German speakers from Germany (Leonardi, 2021).
As documented by Leonardi (2020, p. 91), South Tyrolean speakers
themselves acknowledge that they “hardly ever practice the real Standard
German” in spoken contexts, relying instead on dialectal varieties for
everyday communication. This creates a distinctive profile of functional
multilingualism, where speakers continuously navigate between closely
related but systematically distinct varieties of German while simultaneously

maintaining competence in Italian.
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1.5.3 Sociolinguistic Context and Language Contact

The South Tyrolean sociolinguistic situation has been characterized from
multiple perspectives. Some scholars emphasize institutionalized separation
between language groups (Vettori et al., 2021), manifested through divided
school systems according to language of instruction and employment
requirements of bilingual or trilingual competence for public administration
positions. Dal Negro (2017) characterizes this configuration as bilinguismo
bi-comunitario (bi-community bilingualism), arguing that rather than a
single bilingual community, South Tyrol comprises two communities with
asymmetric patterns of language contact. Through analysis of sociolinguistic
questionnaires and spontaneous speech data from speakers in The South
Tyrolean Unterland (Bassa Atesina), Dal Negro demonstrates that Italian is
present in virtually all linguistic repertoires in the area, including those of
Tyrolean-speakers, while the reverse is not true: many speakers of Italian
maintain largely monolingual repertoires. Her empirical analysis reveals
implicational hierarchies in which the presence of Tyrolean in a speaker’s
repertoire always implies the presence of Italian, whereas Italian does not
presuppose Tyrolean. This asymmetry also manifests in contact-induced
phenomena: analysis of naturally occurring dialogue shows borrowing
patterns and code-switching that reveal Italian exerting greater structural
influence on Tyrolean varieties than vice versa, establishing a hierarchy of
[talian > German > Ladin in terms of penetration into their individual

repertoires (Dal Negro, [2017)).

As mentioned previously, the German-speaking community in South Tyrol
is traditionally diglossic: Tyrolean dialects function as the everyday code,
while Standard German is used in formal and written domains. By contrast,
the Italian-speaking community, largely shaped by twentieth-century
migration, has undergone dialect loss and now relies mainly on a regional
variety of Italian (Dal Negro, 2023). This asymmetry extends to patterns
of contact and intergroup communication. Italian speakers generally have
little access to Tyrolean dialects, since Standard German, which they learn

at school as an L2, is not the medium of informal interaction. At the same
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time, German speakers can more readily use Italian, especially in urban
areas where Italian dominates public communication. The widespread use of
Tyrolean dialect variants thus presents a significant obstacle to intergroup
communication, particularly for Italian speakers (Dal Negro, 2023 Vettori
et al., 2012). As Dal Negro (2023, p. 82) observes, “German speakers usually
bear the ‘burden’ of bilingualism much more than Italian native speakers do,
and in the case of outgroup communication, the switch to Italian is usually

the unmarked choice.”

Despite official bilingualism policies requiring second-language instruction
from primary through secondary education, the sociolinguistic reality
challenges straightforward assumptions about German-Italian bilingual
competence among residents (Vettori et al., 2012). The combination of
diglossia within the German-speaking community, asymmetric repertoire
patterns, and limited access to Tyrolean dialects for speakers of Italian
creates a complex multilingual repertoire that shapes the nature and

outcomes of language contact in the region.

1.6 Summary

This chapter has brought together theoretical, empirical, and sociolinguistic
perspectives to establish the foundations for the empirical work presented
in this dissertation. A recurring theme throughout the review is that
spoken language comprehension is a fundamentally interactive and predictive
process. Contemporary models of lexical access and sentence processing,
developed from earlier bottom-up accounts to the newer interactive and
constraint-based frameworks, emphasize parallel activation, probabilistic

weighting, and the role of contextual information in comprehension.

Within this theoretical landscape, prediction has emerged as one of the
central mechanisms of language processing. Across studies, a consistent
pattern has been observed: semantic features are readily pre-activated,
morphosyntactic cues such as grammatical gender or case can guide

expectations under suitable conditions, and phonological form prediction,
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although demonstrable, tends to be less robust, shorter-lived, and highly
constrained by task and context. Such findings indicate that prediction is
not an all-or-nothing phenomenon, but a graded process in which the ease

and timing of pre-activation differ systematically across linguistic domains.

Research with second-language speakers shows that while anticipatory
processing is not restricted to the L1, its reliability depends on proficiency,
frequency of exposure, and cross-linguistic influence. Semantic cues are
typically used most consistently, while morphosyntactic and phonological
cues often generate weaker, delayed, or more variable effects across L2
speakers. Similarly, studies on dyslexia reveal that although anticipatory
processing is possible, predictive processing tends to be less efficient. For
example, delays in the use of morphosyntactic cues, such as processing
grammatical gender (Huettig & Brouwer, 2015) and reduced facilitation
from contextual constraint (Engelhardt et al., 2021) show that prediction
in dyslexia often unfolds more slowly or less strongly than in typical
readers. While the mechanisms underlying this pattern remain unclear,
characteristics commonly associated with dyslexia, such as phonological
difficulties, slower lexical access, reduced verbal working memory, and
limited reading experience, could plausibly shape the dynamics of predictive
processing. Finally, I introduced the Tyrolean-speaking population of South
Tyrol. The region is characterized by a form of bi-community bilingualism,
where German-speaking and Italian-speaking groups coexist in a context of
institutional separation, diglossia within the German-speaking community,

and highly uneven opportunities for naturalistic cross-linguistic interaction.

Taken together, the literature underscores both the strength of evidence
for prediction as a common feature of spoken language comprehension and
its variability across linguistic levels, populations, and contexts. These
insights directly motivate the empirical questions addressed in the remainder
of this dissertation. The following chapters investigate how semantic,
morphosyntactic, and phonological information is (pre-)activated in real
time, and how these mechanisms unfold in different populations, including

[talian and English L1 speakers, L2 speakers, and individuals with dyslexia.
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Chapter 2

Experiment la: Contextual and
Phonological Form

(Pre-)Activation in Italian

As discussed in Chapter 1, comprehenders can use semantic,
morphosyntactic, and, in some cases, phonological cues to anticipate
upcoming linguistic material during spoken sentence comprehension (see
Sections - . However, the evidence reviewed there also shows that
phonological prediction remains the most contested domain: some studies
report pre-activation of phonological form for highly predictable words
(DeLong et al., 2005; Ito et al., 2018, 2020; Li & Qu, 2023; Li et al.,
2022; Martin et al., [2013)), whereas others fail to find reliable effects (Ito
& Husband, 2017; Ito & Sakai, 2021; Ito et al., 2017b; Nieuwland et al.,
2018) (see Section . The mixed findings suggest that phonological
pre-activation may be more fragile, more resource-demanding, or more
sensitive to methodological choices than semantic or morphosyntactic
prediction. To date, no study has tested phonological prediction in adults
with dyslexia, and research on phonological prediction in L2 comprehension
remains limited. Moreover, Chapter 1 underscored the need for sensitive,

time-resolved measures when investigating prediction. While reaction-time
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studies (e.g., Engelhardt et al., [2021)) have contributed valuable insights,
they index facilitation at or after the target word and thus cannot definitively
establish whether pre-activation occurred. Eye-movement measures within
the visual world paradigm offer a more direct way to capture anticipatory
activation with greater temporal precision, as they register rapid gaze shifts

to relevant objects even before the target word is heard.

These insights motivate the experimental design adopted in this chapter.
By manipulating the informational cues available in the visual scenes and in
the linguistic input, the experiments isolate whether listeners rely solely on
contextual prediction of the target or whether they additionally pre-activate
phonological form. Comparing the anticipatory eye-movement patterns
across populations provides a way to determine not only whether prediction
occurs, but also how early, how strongly, and at which representational
level prediction operates in individuals with different linguistic and cognitive

profiles.

Building on this, the present study examines contextual and phonological
prediction in Italian among three populations: (i) Italian L1 speakers, (ii)
Tyrolean speakers of Italian as an L2, and (iii) Italian L1 adults with

developmental dyslexia. The research focuses on the following questions:

1. Are phonological features of an upcoming highly predictable
word retrieved before its acoustic onset during spoken sentence

comprehension?

2. Do adults with developmental dyslexia differ from typical readers in

their anticipatory spoken language processing?

3. Does predictive processing during spoken sentence comprehension differ

between L1 and L2 comprehenders?

4. How do patterns of predictive processing compare across the three
populations, and what do these comparisons reveal about the

mechanisms underlying anticipatory language comprehension?
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2.1 Method

2.1.1 Participants

The experiment began with a pilot run involving 12 participants, followed by
recruitment of 57 adult participants for the main study. Participants were
recruited in South Tyrol through multiple channels, including university
mailing lists, advertisements posted on campus bulletin boards, and
word-of-mouth referrals within the local community and were reimbursed 8
euros for their participation. All participants gave informed consent, and
the study was approved by the University of Verona Ethics Committee —
CARP (Comitato di Approvazione della Ricerca sulla Persona).

Participants were divided into three groups: (1) Italian L1 speakers
with typical reading development, (2) Italian L1 speakers with a certified
dyslexia diagnosis, and (3) Tyrolean L1 speakers without dyslexia who had
acquired Italian as a second language (L2). In line with the definition
adopted in Section [I.4.T] L2 speakers were understood as individuals who
learned the target language after their first-acquired language(s). For the
Tyrolean group, eligibility required having grown up with Tyrolean as the
sole home language in early childhood, to exclude simultaneous bilinguals.
This requirement was made explicit in the recruitment materials (advertising
posters and emails) and was verified through participants’ self-reports in the
Language Experience and Proficiency Questionnaire (LEAP-Q; Marian et al.,
2007}, see Section for a full description of the instrument), where they
indicated the language(s) spoken with parents during childhood. For the
dyslexia group, participants were required to provide official documentation

of their diagnosis.

Following data cleaning, three participants’ data (one from each group)
were excluded from the analysis due to insufficient valid trials (less than
30 trials, which fell below 1.5 SD from the mean number of valid trials;
see Section for more information on data cleaning procedures). The
final dataset comprised 54 participants across three groups (see Table .
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Table 2.1: Demographic characteristics of participants by group

Italian L1 Tyrolean L1
Characteristic Typical ~ Dyslexia
Sample size (n) 23 12 19
Gender (f/m) 14/9 8/4 12/7
Age (years) 23.1 (4.7) 25.6 (8.5)  26.0 (8.8)
Education level (% secondary/higher) 87/13 75/25 74/26

Note. Values show Mean (Standard Deviation).

Italian L1 typical readers included 23 participants with no reported language
disorders, while the dyslexia group consisted of 12 participants with official
diagnoses. The Tyrolean group included 19 L1 Tyrolean speakers with Italian
as L2. Ttalian L1 participants reported Italian as their only home language
and did not report knowledge of Tyrolean. The groups were comparable in
age (Italian L1 typical: M = 23.1 years, SD = 4.7; Italian L1 dyslexia: M =
25.6 years, SD = 8.5; Tyrolean L1: M = 26.0 years, SD = 8.8) and showed

balanced gender distributions across groups.

2.1.2 Materials

The study employed the Visual World Paradigm. Participants viewed
four black-and-white pictures on the screen while listening to pre-recorded
sentences, and their eye movements were recorded. They were told that
some sentences would name one of the four objects, whereas others would
not, and that their task was simply to look at the picture corresponding
to the mentioned object as quickly as possible. In trials where none of
the objects were named, they were free to look anywhere on the screen.
The design enables the examination of whether listeners pre-activate visual
representations of highly predictable words, along with their phonological

competitors, based on sentence context.

2.1.2.1 Preliminary Measures

To characterize participants’ linguistic background and reading-related skills,

a set of assessments was administered. These measures served both
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to document participants’ language experience and to ensure accurate

classification of individuals with and without dyslexia.

Language Experience and Proficiency Questionnaire (LEAP-Q).
Participants completed the Language Experience and Proficiency
Questionnaire (LEAP-Q; Marian et al., [2007), administered online.
The LEAP-Q is a commonly used self-report instrument designed to
systematically assess multilingual experience. It includes both open-ended
and scaled questions, with ratings typically provided on 6-point or percentage

scales.

Participants reported broad measures of language dominance by indicating
which language they considered their strongest overall, and daily exposure
by estimating the percentage of time they used each language in an average
day. They also provided language-specific information, including the age
of acquisition (when they first started learning each language) and the
cumulative length of immersion in environments where the language was
spoken (e.g., in the family, at school or work environments, or years spent
in a country where the language is spoken). Finally, they self-rated their
proficiency in speaking, listening, reading, and writing for each language by
responding to the question “How would you rate your ability in [skill]?” on
a 1-6 scale, where 1 indicated beginner ability and 6 indicated native-like

competence. The results are presented in Section [2.2]

Reading skills assessment. All participants with dyslexia were required
to provide documentation of their official diagnosis prior to testing. To ensure
accurate group classification and validate dyslexia diagnoses, participants’
word and non-word reading skills were assessed using standardized,

language-appropriate instruments.

Italian L1 participants (both typical readers and those with dyslexia)
completed excerpts from the “Nuova batteria per studenti universitari e adulti
LSC-SUA” (Montesano et al., 2020), a standardized assessment designed

specifically for university students and adults. This battery was selected
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because it provides age-appropriate norms for comprehensive evaluation of
both lexical (word reading) and sublexical (pseudoword reading) processing
routes of the adult population tested in this study. In the word reading task,
participants read aloud lists of Italian words of varying frequency and length.
They were asked to read the words as fast as they can but trying to avoid
mistakes. Reading performance was assessed following the scoring criteria
specified in the LSC-SUA manual (Montesano et al., 2020). Performance
was measured by reading accuracy (number of errors), reading time (total
time to complete the list), and reading rate (syllables per second). See
Section [2.2.2] for more details regarding the scoring. The pseudoword reading
task followed the same procedure. Participants read aloud pronounceable
pseudowords (e.g., areco, wviaca, netro) that followed Italian phonotactic
rules but were not real words. This task assesses phonological decoding
abilities independent of lexical knowledge. Accuracy and speed measures
were computed using the same operational definitions as in the word reading
task. It should be noted that upon inspection, some pseudoword items were
found to have limited lexical status (e.g., areco as a commercial brand name,
netro as a toponym). However, these items were retained as presented in
the standardized instrument to maintain test validity and comparability
with normative data. This highlights the importance of thorough lexical
verification when developing pseudoword stimuli, particularly as specialized
terms, brand names, and regional vocabulary may not be captured in
standard dictionaries. Additionally, periodic verification of existing batteries

is recommended to ensure pseudoword items have not entered common usage.

All Ttalian reading tasks were scored by the author, a non-native Italian
speaker with C1 certification, who was trained prior to data collection
by a native Italian speaker with graduate-level training in linguistics and
prior experience administering and scoring the same battery. Scoring was
conducted by the author as a single rater and strictly adhered to the
predefined criteria of the LSC-SUA manual across all participants. All
scoring was carried out within a restricted time window following data

collection, using a fixed set of criteria, in order to minimize intra-rater
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variability over time.

No standardized reading assessments exist specifically for Tyrolean, which
lacks a standardized orthography. For this reason, Tyrolean L1 participants
completed the “Salzburger Lese- und Rechtschreibtest II” (Kristina Moll &
Karin Landerl, [2014), a standardized German reading assessment. While
this test was developed and validated on Standard German speakers, it
was considered appropriate given that Tyrolean speakers typically acquire
literacy in Standard German alongside Italian through formal schooling.
Moreover, the pseudoword reading component, which is the primary indicator
of dyslexia, is not sensitive to differences in lexical knowledge, as it involves
reading pronounceable but meaningless strings that rely exclusively on

sublexical decoding processes.

In the word reading subtest, participants read aloud a list of German
words of increasing difficulty, ranging from simple (e.g., Maus [mouse|) to
complex words (e.g., Kartoffelschale [potato peel]). Participants were given
one minute to read as many words as they could. In the pseudoword
reading subtest, participants read German pseudowords (e.g., oser, gleru,
fraulog) following German phonotactic patterns. The same performance
measures were applied as in the word reading subtest. Because the author
is not a speaker of German, scoring for this task was delegated to a native
German speaker, who annotated errors and omissions in accordance with
the guidelines of the test battery. Based on this annotation, performance
was quantified as the number of correctly read words in one minute and the
percentage of errors, calculated by the researcher. Although different raters
were involved for Italian and German tasks, in both cases, scoring procedures
were entirely determined by the manuals of the respective standardized tests

and applied uniformly across all participants within each language.

2.1.2.2 Sentence Stimuli and Experimental Conditions

The experiment included 42 sentences (see Appendix |A.1) that were
grammatically correct and semantically plausible. Half of the sentences

(experimental sentences) were designed to elicit predictive processing and

95



contained a highly predictable target word (mean cloze probability = 92.4%;
see Section for details on the norming procedures) that always came
last in the sentence (e.g., I bambini giocano con la sabbia e costruiscono
castelli [The children play with sand and build castles|). The other half
were fillers (e.g., Tutto il giorno mia nonna gira per casa e cerca i Suoi
pantaloni [All day long, my grandmother walks around the house looking
for her trousers|) which were always paired with the same image sets used
for the experimental sentences (see Figure . These sentences included
semantically non-constraining verbs (e.g., cercare [to look for|) that do not
strongly restrict the semantic category of their direct object and, unlike
experimental sentences, had non-predictive contexts where all four objects
on the screen (e.g., giornali [newspapers|, occhiali [glasses|, piatti |plates],
fiori [flowers|) were possible continuations of a sentence. Thus, each picture
set was seen twice: once in an experimental trial and once in a filler trial.
To avoid immediate repetition effects, the experimental and filler sentences
that shared the same image set were separated by at least five intervening
trials, while maintaining sufficient flexibility for list randomization. Larger
minimum distances would have unnecessarily constrained the trial order
(e.g., by promoting clustering of filler trials toward later list positions). Four
extra sentences representing each experimental condition and filler type
were included as practice trials. The presentation order of sentences was
fully randomized, as was the spatial arrangement of images on the screen

for each trial.

All the sentences followed a similar grammatical structure, containing a
first clause that sets up a context, followed by a second clause introducing
a related event. The two clauses are connected by conjunctions like e [and].
The target was always the last word of the sentence. In the majority of the
stimulus sentences (39 out of 41 sentences), the subject remained consistent
across the two clauses (e.g., Laura ¢ molto disordinata e sul divano lascia
una forchetta |Laura is very messy and leaves a fork on the couch|). In two
sentences, the subject changed either to a new explicit agent (La mamma

lava i piatti e la bambina disegna un topo |[The mother washes the dishes
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PHONOLOGICAL
COMPETITOR UNRELATED

Figure 2.1: Experimental conditions for a sentence: I bambini giocano con la sabbia e
costruiscono castelli [The children play with the sand and build castles]. In this example,
the target object is castelli [castles]|, the phonological competitor is castori [beavers|, and
the unrelated item is giornali [newspapers| along with three fixed distractors (occhiali
[glasses|, fiori[flowers|, piatti [plates]). The same visual display was also used for the
corresponding filler sentence Tutto il giorno mia nonna gira per casa e cerca i suoi pantaloni
[All day long, my grandmother walks around the house looking for her trousers].

and the little girl draws a mouse|) or to an implicit plural agent (Una
mattina Guido accende la radio e parlano di un tostapane |One morning
Guido turns on the radio and they’re talking about a toaster]). All sentences
were written in the present tense. The sentences consisted of a mean of
10.5 words (SD = 1.2, range = 8 — 13 words) or 21.7 syllables (SD =
1.6, range = 19 — 25 syllables), and their mean duration was 4.3 s. The
sentences were recorded by a female native speaker of Italian originally from
the Veneto region (Northern Italy), who had completed formal training in
Italian diction. All recordings were made in a quiet laboratory environment
using a Shure PGA48 dynamic microphone connected to an M-Audio Air
192/8 audio interface, with Audacity software. Recordings were digitized at
a sampling rate of 44.1 kHz (16-bit WAV). The speaker read sentences at a
speed of approximately 5 syllables per second with neutral intonation and
without highlighting target words. As in all spoken-language comprehension
experiments, participants were expected to become progressively familiar
with the speaker’s voice over the course of the experiment. However, trial
order was fully randomized across participants, ensuring that any effects of
voice familiarization were distributed evenly across conditions and could not
systematically bias predictability effects. All pictures were black and white

line drawings in order to prevent shifts of attention to objects that might
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be stored with a specific surface color (Huettig & McQueen, 2007). Due to
usage restrictions, the visual stimuli are not publicly available, but the full

set of stimuli can be shared upon request.

The experimental sentences were presented in one of three conditions,
with the corresponding set of images appropriate for that condition (see
Figure [2.1)). The three experimental conditions were:

e Target condition: the critical word was a highly predictable target

(e.g., castelli |castles]).

e Phonological condition: the critical word was a cohort competitor
(e.g., castori |beavers|) that overlapped, on average, 2.6 phonemes with
the target (SD = 0.7; range = 2-4) and matched it in lexical stress.
Because pairs with the same number of shared phonemes can still
differ in how much of each word matches, I computed the proportion
of overlap: the number of shared phonemes divided by the average
number of phonemes in the two words (Simmons & Magnuson, 2018). A
higher value indicates a greater degree of overlap. For example, longer
pairs such as arcobaleno — armadio [rainbow — wardrobe| have a lower
proportion of overlap (0.20) than shorter pairs such as casa—cane [house
— dog], with a 0.50 overlap, even though both pairs share two initial
phonemes. In the current study, the average proportion of overlap was

0.40 (SD = 0.10; range = 0.20-0.60).

e Unrelated condition (baseline): the critical word (e.g., giornali
[newspapers|) was neither semantically nor phonologically related to
the target, and unlike fillers, no words congruent with the sentence

context were displayed.

To ensure that both phonological overlap and speech rate were defined
with respect to the acoustic signal actually perceived by listeners, stimulus
sentences were transcribed using broad phonetic transcription from the
recorded audio rather than derived from orthographic or dictionary forms
(see Appendix for full transcriptions). Following Heselwood’s (2013)
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framework, these transcriptions represent broad, auditorily based phonetic
categories capturing segmental properties of the speech signal without
encoding fine-grained phonetic detail. This approach addresses a gap in
the literature on prediction. As Huettig and Guerra (2019) and Fernandez
et al. (2025; 2020) have demonstrated, speech rate significantly impacts
predictive processing, yet the majority of visual world studies either fail to
report speech rate entirely or describe it only qualitatively (e.g., as “normal”
or “slow”) without quantitative specification. Even fewer studies explicitly
measure speech rate and phonological overlap from actual productions rather
than dictionary forms. In their comprehensive review, Fernandez et al.
(2020) surveyed 45 visual world studies and found that only three reported
quantitative speech rates, while most provided no information about the
temporal properties of their stimuli at all. This lack of transparency makes
cross-study comparisons difficult and may obscure the role of speech rate
as a potential confounding variable in prediction effects. Transcribing from
actual utterances is particularly important for cross-linguistic comparisons
between a stress-timed language like English (used in Experiment 2) and
a syllable-timed language like Italian. While Italian phoneme-to-phone
mappings are relatively stable and aligned with orthography, stress-timed
languages show greater reduction and variability in unstressed syllables
(Dauer, [1983; Gardiner & Deterding, 2025; Setter & Sebina, 2017)).

String  similarity metrics computed over symbolic segmental
representations are widely wused in computational phonology and
dialectometry to quantify phonological distance. = More sophisticated
approaches incorporate weighted phonological features (Kondrak, [2003),
feature distances induced from variation data (Wieling et al., 2012), or
acoustic and articulatory distance measures based on spectral and gestural
properties of the speech signal (Mielke, 2012)). However, the dominant models
of spoken word recognition and lexical access in psycholinguistics operate
over discrete segment-based representations rather than continuous acoustic
or featural representations (Marslen-Wilson, (1987; McClelland & Elman,

1986; Norris, [1994). String-based similarity measures computed over broad

99



phonetic transcriptions are therefore consistent with the representational
grain assumed by these models. Importantly, while the resulting measures
remain symbolic in nature, they are derived from transcriptions of the
actual recorded utterances rather than from dictionary representations,
ensuring that phonological overlap is quantified with respect to the specific

productions that listeners heard.

Each participant was randomly assigned to one of the experimental blocks.
The condition for each sentence was determined by the assigned block.
For example, in Block 1, the sentence I bambini giocano con la sabbia e
costruiscono castelli [The children play with sand and build castles| was
assigned to the target condition. Consequently, participants in Block 1 saw
an image set containing the target (castelli|castles|) along with three fixed
distractors (occhiali [glasses|, fiori|flowers|, piatti |plates|). In contrast, a
participant assigned to Block 2, where this sentence was presented in the
phonological condition, heard the same sentence paired with the phonological
competitor (castori [beavers|) and the same three distractors. Similarly, in
Block 3, this sentence was presented as part of the unrelated condition.
Each participant encountered each experimental sentence only once, with
the condition (and corresponding image set) determined by their assigned

block.

All the words representing the objects were taken from “Il nuovo
vocabolario di base della lingua italiana” (Tullio De Mauro, 2016), which
comprises the 7,000 most frequent words in Italian. This ensured that
the stimuli were drawn from vocabulary items that are highly frequent in
contemporary Italian and therefore very likely to be known by both L1 and
L2 speakers. This dictionary categorizes words into three groups according
to their frequencies: fundamental (most frequent), highly used (moderately
frequent), and highly available (less frequent but familiar). For illustration,
examples from the present stimuli include albero [tree] and scala [stairs|
(fundamental), pentola [pot| and formaggio [cheese| (highly used), and
arcobaleno [rainbow| and zanzara [mosquito| (highly available). Within each

visual scene, words were balanced across frequency categories, ensuring that
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picture sets contained items of comparable lexical frequency. When an exact
match was not possible (e.g., if three words were fundamental but one was

highly used), a word from the closest frequency group was chosen instead.

Each visual scene contained four objects. Across experimental conditions,
only the target condition presented a sentence that mentioned one of the
displayed objects. In the phonological and unrelated conditions, the sentence
never referred to any visible object. This means that experimental sentences
mentioned a visible object 33% of the time (1 out of 3 conditions). Filler
sentences mentioned a visible object 67% of the time, balancing the overall
distribution so that 50% of all sentences referred to something in the visual

scene.

2.1.2.3 Norming Procedures

To validate the stimuli, two norming studies were carried out: a cloze
probability (CP) test and a picture naming task. For these norming studies,
30 native Italian speakers who grew up speaking primarily Italian at home
and school were recruited, 50% of whom were from South Tyrol. This regional
representation was important because the main experiment was conducted
in the Autonomous Province of Bolzano - South Tyrol. Including local
speakers ensured that the stimuli were appropriate for the linguistic variety
encountered by participants in the experimental context. The participants

filled out a completely anonymous online survey divided into two parts.

In the first part of the survey, participants completed a cloze probability
(CP) test to assess the predictability of target words. They were asked to
complete 25 sentences truncated before the target word with the word they
felt best fit the sentence (e.g., leggi la frase e completa con una parola (pit
Particolo, se mecessario) che ti sembra adequata: “Marta prepara la frittata e
mette un filo d’olio nel/nell’/nella/nello . ..” |read the sentence and complete
it with a word (plus the article, if necessary) that seems appropriate to you:
“Marta prepares the omelette and adds a drizzle of oil into the...”]). The
relative frequency of each provided word was then calculated (the number

of times each word was used relative to the total number of responses for
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that stem), and this frequency defined the CP for individual words. To be
included in the experiment, a sentence needed to have a CP of at least 80%,
meaning that at least 80% of participants in the norming survey provided the
expected target word as the most likely continuation. The threshold for high
cloze probability items varies across studies, typically ranging from 0.67 to
1.0 (Lai et al., 2024} Luke & Christianson, 2016)). A cutoff of .80 was chosen
in the present study to ensure strong contextual constraint while allowing for
natural variability in sentence completion responses. This threshold assumes
that when most participants (80% or more) produce the same word, that
word is genuinely more predictable in that context for the entire population,
rather than being the preferred response for only some participants while
others expect different words (Staub et al., 2015).

The second part of the survey involved a picture naming task to check
the naming agreement for the depicted objects. Participants were shown 376
pictures of objects to be used as picture stimuli and asked to name them
using the first word that came to mind. Each picture needed to be labeled

by at least 80% of participants with the expected name.

Initially, seven sentences and sixteen images did not meet the indicated
criteria. The stimuli were revised, and a second survey with 17 new
participants (24% from South Tyrol) was conducted. Following this, all
sentences achieved a CP of 80% or higher, and all pictures met the labeling
criteria. For instance, the sentence Chiudo gli occhi e sento il fastidioso ronzio
di un/una. .. |l close my eyes and hear the annoying buzz of a/an...| initially
yielded a CP of 50%, with responses split between mosca |fly| and zanzara
[mosquitol, thus failing to meet the predefined predictability criterion. In the
revised version, La notte sento un fastidioso ronzio e vengo punto/a da una
zanzara |At night, I hear an annoying buzz and get bitten by a mosquito],
the CP improved to 100%. The mean CP of the target word in the final set
of sentence stimuli was 92.4% (SD = 7.4, range = 80 — 100%). Tyrolean L1
speakers were not included in the norming procedures, as I would be norming
Italian stimuli with L2 speakers of Italian rather than establishing baseline

predictability values in the target language. The exceptionally high cloze
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probabilities achieved (mean 92.4%) indicate very strong semantic-contextual
constraints that should remain predictable across speaker populations, as
high constraint contexts have been shown to benefit both native and L2
speakers (Ma et al., [2015)).

2.1.3 Procedure

Upon arrival, participants provided informed consent and completed
the background questionnaire and reading assessments described in
Section [2.1.2.1, These preliminary tasks were administered prior to the
eye-tracking experiment to document participants’ linguistic experience
and reading-related skills.  The eye-tracking session took place in a
sound-attenuated booth. The experiment was programmed and presented
using OpenSesame (Mathot et al., 2012). Auditory stimuli were presented
as uncompressed waveform audio files (.wav), which were loaded directly
into OpenSesame and played back in their original format. Participants’
eye movements were recorded using a Gazepoint GP3 HD Eye Tracker
sampling at 60 Hz (Gazepoint, 2024). The sampling rate is how many times
the eye position is measured per second. In the context of measuring eye
fixations during a spoken language comprehension task, a sampling rate
of 60 Hz is considered adequate despite being lower than rates typically
used for reading research, such as 500 Hz or 1,000 Hz. As Raney et al.
(2014)) explain, while higher sampling rates yield better temporal accuracy,
particularly for capturing the precise timing of saccades, a 60 Hz sampling
rate — equivalent to recording eye position every 16.7 milliseconds — still
provides sufficient accuracy for studying fixation durations. For spoken
language comprehension, where the focus is primarily on fixations rather
than rapid saccades, this level of temporal resolution is appropriate (Raney
et al., 2014).

Participants listened to the auditory stimuli over Sennheiser HD 599
open-back headphones (frequency response: 12-38,500 Hz; impedance:
50 Q; sensitivity: 106 dB SPL at 1 kHz). At the beginning of the

session, participants were instructed to adjust the output level to a clearly
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audible setting. Volume adjustments were permitted only before the initial
calibration phase and again after the practice trials if needed; the volume

then remained fixed throughout the experimental blocks.

Benvenuto/a!

Mentre sentirai una frase, vedrai 4 immagini sullo schermo. A
volte (non sempre!) una delle immagini verra menzionata nella
frase. Guardala il piu velocemente possibile!

Cerca di mantenere sempre gli occhi sullo schermo. Prima che
compaiano le immagini, ci sara un piccolo punto al centro
dello schermo. Ti preghiamo di mantenere gli occhi fissi su
questo punto quando appare.

Figure 2.2: Written instructions (Italian original) shown to participants at the beginning
of the experiment. English translation: “Welcome! While you listen to a sentence, you
will see four pictures on the screen. Sometimes (not always!) one of the pictures will be
mentioned in the sentence. Look at it as quickly as possible. Try to keep your eyes on the
screen at all times. Before the pictures appear, a small dot will be shown in the centre of
the screen. Please keep your eyes fixed on that point when it appears.”

Written instructions in Italian appeared on the screen (Figure and were
also read aloud by the experimenter to ensure comprehension. Participants
were instructed to listen carefully to each sentence and keep their eyes on the
screen throughout the trial. They were informed that sometimes (but not
always) one of the pictures would be mentioned in the sentence, and their
task was to look at the mentioned picture as quickly as possible. Participants

were given the opportunity to ask questions before the experiment began.

Before data collection, the eye tracker was calibrated to ensure accurate
mapping between the participant’s gaze position and the corresponding
screen coordinates. During calibration, participants fixated a series of
points on the screen, allowing the system to compute the difference between
eye-movement signals as measured by the eye-tracker and true eye position
on the visual space (e.g., Godfroid, [2020). This was done using a nine-point
calibration grid (see example in Figure . Four practice trials preceded
the first experimental part, after which participants could ask questions;

these were mainly limited to clarifying the instructions and did not reveal
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(Point 1) (Point 2) (Point 3) (Point 4) (Point 5)
(Point 6) (Point 7) (Point 8) (Point 9) (Complete the layout
of 9 points)

Figure 2.3: Example of a nine-point calibration grid used in the experiment. The
fixation target appeared sequentially at the nine positions shown here. Note. Reproduced
from Lu, S., Li, R., Jiao, J., Kang, J., Zhao, N., & Li, M. (2020). An Eye Gaze Tracking
Method of Virtual Reality Headset Using a Single Camera and Multi-light Source. Journal
of Physics: Conference Series, 1518, 012020, under the terms of the Creative Commons
CC-BY 3.0 licence.

additional difficulties. Drift correction was performed at the start of each trial
to ensure that the participant’s current fixation corresponded accurately to
the centre of the screen. During this procedure, the eye tracker continuously
sampled gaze position and checked whether the participant maintained
fixation within a 50-pixel radius around the screen centre for at least 500
ms. If this criterion was not met within 10 s, the trial was interrupted and a
full recalibration procedure was initiated before continuing. After successful
drift correction, the audio recording played, and four pictures appeared on the
screen at a resolution of 1280 x 1024 pixels. The visual presentation of the
picture stimuli began 2000 ms before the acoustic onset of the critical word.
An example of the experimental procedure is shown in Figure 2.4 After the
end of Experiment la, participants took a short break and continued with
Experiment 1b (described in Chapter [3)).
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2000 ms before the
acoustic onset of the

500 ms

Figure 2.4: An example of the experimental procedure.

2.1.4 Predictions

Based on the theoretical framework and empirical findings reviewed in
Chapter I formulated the following predictions for the present study.

Contextual prediction across populations. Drawing on extensive
evidence that comprehenders routinely anticipate highly predictable targets
in strongly constraining contexts (e.g., Altmann & Kamide, 1999; Borovsky
et al., 2012; Ito et al., 2018), I expected all three groups to show anticipatory
looks to target objects before word onset. Given these findings, I predicted
that L2 speakers would show anticipatory target fixations similar to (or with
only minor differences from) those of L1 speakers at the group level, though
individual differences in language experience (as measured by the LEAP-Q)
might correlate with the timing and strength of these effects. For adults
with dyslexia, previous research demonstrated reduced efficiency in using
contextual cues, specifically in low-constraint contexts (Engelhardt et al.,
2021), and delayed anticipatory eye movements in grammatical prediction
tasks (Huettig & Pickering, 2019). Given that the present materials featured
highly constraining contexts (mean cloze probability = 92.4%), which are

more similar to the high-constraint sentences where Engelhardt et al. found
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preserved (though numerically slower) prediction in dyslexia, I expected
anticipatory target fixations to occur in adults with dyslexia, but with a
delay in their onset relative to typical readers. This prediction is further
motivated by evidence that adults with dyslexia show persistent difficulties in
lexical access, as indexed by slower rapid automatized naming performance
(Carioti et al., 2021 Vender & Delfitto, 2024)), which may delay the time
course of predictive eye movements even when contextual constraints are

strong enough to support prediction.

Phonological form prediction. If comprehenders pre-activate the
phonological form of the expected noun and this activation spreads to
phonologically related lexical representations, items that phonologically
overlap with the predictable target should attract anticipatory fixations prior
to target onset. Whether such effects emerge is an empirical question, given
the contradictory findings in the literature. Evidence for phonological form
pre-activation during spoken comprehension is considerably more limited and
variable than for semantic or morphosyntactic prediction (see Section [1.3.3)).
Meta-analytic evidence indicates that phonological competitor effects, when
detected, are small (approximately 5% increase in looks) and short-lived
(roughly 600 ms) (e.g., Ito, 2024; Ito et al.,[2018). Accordingly, I predicted at
most weak and transient phonological competitor effects in Italian L1 typical
readers. For L2 speakers, evidence for phonological prediction is limited
(see Section [1.4.1)). Studies using the English a/an determiner alternation
have found that proficiency modulates phonological anticipation, with
higher-proficiency L2 speakers showing earlier and stronger effects (Connell
et al., 2021)). However, research examining whether L2 speakers pre-activate
the phonological form of predictable targets strongly enough for competitors
to be activated has yielded largely null results. Ito et al. (2018) found no
anticipatory looks to phonological competitors in Japanese L1 English L2
speakers, observing competitor fixations only after target onset, consistent
with bottom-up priming rather than prediction (see page 61). For adults
with dyslexia, I predicted no phonological competitor effects. This prediction

was motivated by consistent evidence of phonological processing difficulties
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in dyslexia, including reduced sensitivity to phonological information during
spoken word recognition (Desroches et al., [2006; Schwarz et al., 2024) and
impaired phonological awareness across the lifespan (Snowling et al., [2020;
Vender & Delfitto, [2024)). Although the precise nature of phonological deficits
in dyslexia remains debated, whether they reflect underspecified phonological
representations or difficulties in accessing otherwise intact representations
(see Ramus & Szenkovits, 2008)), both accounts predict reduced phonological

pre-activation during real-time comprehension.

Comparing populations. Both L2 speakers and adults with dyslexia
were expected to show differences in predictive processing compared to L1
typical readers, though potentially for different underlying reasons. Research
reviewed in Chapter suggests that L2 prediction difficulties may stem
from weaker lexical-semantic mappings (Dijkgraaf et al., 2019), reduced
automaticity in linguistic processing (Ito & Pickering, |2021)), and increased
cognitive demands of L2 comprehension (Corps et al., 2023)). In contrast,
prediction difficulties in dyslexia likely reflect core phonological processing
deficits (Snowling et al., 2020), reduced lexical access efficiency indexed by
slower rapid automatized naming performance (Vender & Delfitto, [2024),
and more limited reading experience (Huettig & Pickering, [2019). These
group differences are expected to be quantitative rather than qualitative: all
groups should ultimately identify the target, but the onset and magnitude of
anticipatory effects may differ (Kaan, [2014; Schlenter, |2023)).

2.2 Data Analysis and Results

2.2.1 Language Experience

Table presents linguistic background information for all participant
groups based on the LEAP-Q. Tyrolean speakers reported first exposure
to Italian at a mean age of 5.8 years (SD = 1.8, range = 3 — 10 years),
typically coinciding with entry into primary school. All participants indicated

that they acquired Tyrolean from birth, confirming sequential rather than
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Table 2.2: Language background characteristics from LEAP-(Q) assessment

Italian L1 Tyrolean L1
LEAP-Q Variable Typical Dyslexia
L1 Language Experience:
Daily exposure to L1 (%) 67.4 (17.5) 66.0 (19.6) 66.8 (19.9)
L2 (Italian) Language Ezxperience:
Age of acquisition (years) — - 5.8 (1.8)
Daily exposure (%) - - 20.1 (10.4)
Italian Academic/Professional Exposure:
None — - 33%
1-5 years - — 17%
More than 5 years - - 50%
Self-Rated L1 Proficiency:
Speaking 5.9 (0.4) 5.7 (0.7) 5.7 (0.7)
Listening 5.9 (0.4) 5.7 (0.6) 5.7 (0.7)
Reading 5.8 (0.5) 5.6 (0.9) 5.5 (1.0)
Writing 8 (0.6) 5.4 (1.0) 5.3 (1.0)
Average 9(0.4) 5.6 (0.7) 5.6 (0.8)
Self-Rated L2 (Italian) Proﬁczency
Speaking - 4.2 (1.1)
Listening - - 4.6 (0.8)
Reading - - 4.4 (0.9)
Writing - - 3.8 (1.2)
Average — - 4.3 (0.9)

Note. Values show Mean (Standard Deviation) unless otherwise specified.
L1 = first language; L2 = second language. Italian Academic/Professional
Exposure indicates the duration of time spent in schools and/or workplaces
where Italian was the primary language of communication. Self-rated
proficiency measured on a scale from 1 (lowest) to 6 (highest).

simultaneous bilingual acquisition, with Italian introduced primarily through
formal instruction. Tyrolean accounted for an average of 66.8% of daily
language use (SD = 19.9%), Italian for 20.1% (SD = 10.4%), and the
remaining 13% reflected use of additional languages. Although daily L1
exposure percentages may appear relatively low at first glance, this pattern
likely reflects the composition of the sample: the majority of participants
(all but two) were students at the Free University of Bozen-Bolzano, where
German, Italian, and English are all official languages of instruction. Because

participants were required to distribute their overall daily language use
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such that percentages sum to 100%, exposure to Italian and English in
academic contexts naturally reduces the proportion attributed to Tyrolean
in the questionnaire. Consistent with the diglossic repertoire of Tyrolean
speakers in South Tyrol (see Section , all participants in this group
also reported knowledge of Standard German (mean age of acquisition =
5.3 years, SD = 1.4), and of English as an additional language (M = 10.0
years, SD = 2.2). One participant additionally reported Ladin and two
reported French, all learned later than Tyrolean and not spoken in the
home. Although Tyrolean has no standardized orthography, participants
reported their self-rated literacy skills based on Standard German used in
education and written communication. All participants had lived in Italy
for at least five years at the time of testing. Academic and professional
Italian exposure varied across participants: 33% reported no experience in
Italian-medium educational or work environments, 17% reported 1-5 years of
such experience, and 50% more than 5 years. Self-rated proficiency in Italian
averaged 4.3 out of 6 (SD = 0.9) across modalities, indicating an intermediate
to high-intermediate level of L2 competence. Participants rated receptive L2
skills (listening M = 4.6; reading M = 4.4) slightly higher than productive
skills (speaking M = 4.2; writing M = 3.8). This receptive-productive
asymmetry is consistent with patterns documented in L2 research (Dornic
& Ekehammar, 1988), particularly in the domain of vocabulary knowledge,
where receptive knowledge typically exceeds productive knowledge (Laufer
& Paribakht, |1998). Importantly for the present study, which focuses on

spoken language comprehension, listening was the highest-rated modality.

All Ttalian L1 participants, except three who had already completed their
studies, were students at the Free University of Bozen-Bolzano. Both typical
readers and those with dyslexia reported that Italian was their dominant
language. Italian accounted for an average of 67.4% of daily language
use in the typical-reader group and 66% in the dyslexia group, with the
remainder reflecting other known languages. All additional languages were
learned after L1 Italian, and none of the participants were simultaneous

bilinguals. All Italian L1 participants reported knowledge of English, and

110



several also indicated French, Standard German, Spanish, or Russian. None
reported Tyrolean, which is expected in the context of South Tyrol: as
shown by Dal Negro (2017)), Italian does not presuppose access to Tyrolean
in speakers’ repertoires, whereas the reverse implication holds for Tyrolean
speakers (see Section . Overall self-rated Italian proficiency on the
1-6 LEAP-Q scale was very high for typical readers (M = 5.9, SD =
0.4) and only slightly lower for participants with dyslexia (M = 5.6, SD
= 0.7). Within the dyslexia group, self-rated proficiency was lowest for
written modalities (writing: M = 5.4; reading: M = 5.6) compared to oral
modalities (speaking and listening: M = 5.7). Compared to typical readers,
participants with dyslexia showed lower self-ratings across all modalities,
with the largest difference observed for writing (0.4 points) and comparable
differences for speaking, listening, and reading (0.2 points each). Notably,
even oral modalities (speaking and listening) were rated slightly lower by
participants with dyslexia, which may reflect either genuine differences in
spoken language processing or the broader impact of dyslexia on linguistic
self-perception (see Glazzard, 2010; Humphrey & Mullins, 2002; McNulty,
2003, for discussion of self-concept in dyslexia). These self-ratings likely
capture both genuine literacy-related challenges associated with dyslexia and

participants’ heightened metacognitive awareness of these challenges.

2.2.2 Reading Assessment Results

Reading assessment results confirmed successful group classification into
the three participant groups (Italian L1 typical readers, Italian L1 readers
with dyslexia, and Tyrolean L1 typical readers). All subcomponents were
z-standardized within each language group to ensure comparability across
test formats and to allow group-level comparisons of reading performance.
A composite reading score was computed for each participant by averaging
z-standardized scores from two tasks: word and pseudoword reading. For
each language, word and pseudoword reading scores were standardized
separately. In the Italian test, reading performance was assessed via a

combined measure of speed and accuracy: total reading time, reading rate
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(syllables per second), and number of errors. Accuracy was calculated by
assigning one point per correctly read word or pseudoword without omissions
or alterations of its form. Self-corrections and strong hesitations were not
counted as errors, as they are considered to affect reading speed rather than
accuracy. Examples of errors included segmental deviations that altered the
target phonological form (including substitutions, insertions, and deletions).
Segmental deviations included, for instance, reading /panto'miima/
as /pantono'miima/ or /mamopola/ as /mano'polja/ for words, and
reading /tostolaska/ as /toskolaska/ or /ombaraida/ as /ombrarada/ for
pseudowords. Lexical or morphological modifications in real-word reading
included productions such as /in&e'pere/ as /indze'rire/, /per'ikolo/
produced as /periko'lozo/ and /amarkika/ produced as /anar'kiza/. Errors
in stress placement were counted as errors for real words (e.g., reading
/monoga'mia/ as /mono'gamja/), with the exception of the words omega
and balia, for which both stress patterns were considered correct as indicated
in the test manual. In the German assessment, performance was likewise
based on accuracy and speed, but speed was indexed by the number of
correctly read items within a fixed 1-minute time window, following the
standardized procedure (Kristina Moll & Karin Landerl, 2014). Errors
were scored according to the test manual, with one error assigned for
each incorrectly read item that was not self-corrected, with a maximum
of one error per item regardless of multiple letter errors within that word.
Examples of German errors included segmental deviations affecting the
target phonological form, such as reading /'bratson/ instead of /'bra:ton/
or /'[tit/ instead of /'[nit/ for words, and /svaiku/ instead of /[varku/
or /mamma/ instead of /momma/ for pseudowords. In addition, real-word
replacements were observed, in which a different existing lexical item was
produced, for example reading /topf/ as /kopf/ or /'[uvpn/ as /'[nupfn/.
Finally, morphological alterations in real-word reading included changes in

inflectional morphology, such as reading /'kopffmeits/ as /'kopf/meatson/ or
/menf/ as /'menfon/.
Descriptive statistics for reading scores by group can be seen in Table

112



Although the two batteries differ in the way timing is implemented, they
both assess the integration of speed and accuracy in word and pseudoword
reading. Z-standardization within each language group addresses this metric
difference by converting raw scores to a common scale that preserves
individual differences relative to language-appropriate norms, consistent with

cross-linguistic research (e.g., Landerl et al., [2013; Ziegler et al., 2010)).

Table 2.3: Descriptive statistics for reading scores by group

Group Mean SD SE
L1 (L1 Italian typical readers) -0.03 0.63 0.13
L2 (L1 Tyrolean typical readers) 0.16 046 0.11

L1 Dyslexia (L1 Italian dyslexic readers) -2.19 1.04 0.30

Note. SD = standard deviation; SE = standard error. Composite reading
scores are averaged z-scores of word and pseudoword reading measures.

It should be noted that while specific errors were annotated during scoring,
only summary scores (total errors per task) were retained for analysis. This
decision reflects the scope of the present study: the reading assessments were
not intended to provide a detailed error analysis or to diagnose dyslexia, but
rather to serve as a control measure to confirm group classification.

Table 2.4: Welch ANOVA and Games—Howell post-hoc test results for
reading scores across groups

Statistic df D
Welch ANOVA F =269 (2,24.8) < .001
Games—Howell Post-Hoc Comparisons:
Mean Difference t df P
L1 vs. L2 —0.199 —1.17  39.5 475
L1 vs. Dyslexia 2.16 6.60 15.4 < .001
L2 vs. Dyslexia 2.36 7.42 13.8 < .001

Note. Games—Howell post-hoc comparisons following Welch ANOVA. Degrees of
freedom are adjusted using the Welch—Satterthwaite approximation. p-values are
two-tailed.

Composite reading scores showed clear differentiation between groups
(see Table for descriptive statistics and Figure for a visual

113



Mean (95% CI)

reading score

L1 L2 L1 Dyslexia
group

Figure 2.5: Group means with 95% confidence intervals for standardized reading scores
across the three participant groups: L1 (Italian typical readers), L2 (L1 Tyrolean, L2
Italian typical readers), and L1 Dyslexia (L1 Italian participants with dyslexia). Scores are
z-standardized within each language group; values near 0 indicate average performance,
positive values above-average, and negative values below-average. Error bars represent
standard errors.

comparison). A Welch ANOVA[ confirmed a significant main effect of
group on standardized reading scores, F(2, 24.8) = 26.9, p < .001 (see
Table . Games—Howell post-hoc comparisons revealed that participants
with dyslexia had significantly lower reading scores than both Italian typical
readers (mean difference = 2.16, p < .001) and Tyrolean typical readers
(mean difference = 2.36, p < .001). The difference between the two typical
reader groups was not significant (mean difference = -0.199, p = .475).
These results confirm a clear separation of the dyslexia group from both
groups of typical readers, whereas no reliable difference emerged between

Italian L1 and Tyrolean L1 typical readers.

"'Welch ANOVA was chosen because the data showed unequal variances across groups,
and it is robust to violations of the homogeneity of variance assumption.
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2.2.3 Data Cleaning

Gaze data were preprocessed using the eyetracking-R vignette (Dink &
Ferguson, 2015)). Fixation proportions were coded as looks at critical object,
distractors, and “other” (any looks outside the predefined interest areas)
for each 50 ms time bin. Trackloss occured when the eye-tracker was
unable to reliably record the participant’s gaze due to blinks, looks off
the screen, or poor gaze location validity. To ensure data quality, trials
with a trackloss proportion greater than 27% were removed (210 trials,
8% of total trials). Furthermore, trials in which participants never fixated
the target object throughout the trial were excluded (2 trials: 0.08% of
all trials). This exclusion was made because a lack of attention to the
target, even after the target word had been spoken, suggests the participant
may not have been attending to the auditory input or the visual display.
While fixation of the target object does not in itself guarantee successful
perception or identification of the spoken word, random or accidental
fixations are not expected to yield systematic, time-locked gaze patterns
aligned with the speech signal. Inference about spoken word processing relies
on condition-dependent fixation dynamics across trials and participants,
rather than on single-trial fixation outcomes. Additionally, participants who
contributed fewer than 1.5 standard deviations below the mean number of
valid trials due to excessive trackloss were excluded (three participants, one
from each group). High trackloss in these cases was attributed to factors such
as excessive head movement, difficulty maintaining fixation on the screen,
excessive blinking, or calibration issues that could not be resolved during the

session (in one case, related to contact lens reflections).

Accuracy and precision are two central indices of eye-tracking data quality
(Godfroid, [2020). Accuracy refers to how close the recorded gaze position is
to the participant’s true gaze position, whereas precision indicates how stable
the gaze signal is when the eyes are fixated on one location. These measures
are independent: data can be accurate but imprecise (i.e., correct on average
but noisy), or precise but inaccurate (i.e., consistently offset). High-quality

eye-tracking data ideally combine both high accuracy and high precision,
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ensuring that fixation events are correctly identified and reliably assigned
to visually distinct regions of interest. In the present study, calibration
accuracy was recorded for every participant at the beginning of the session.
Across participants, accuracy typically ranged between approximately 0.25°
and 0.40° of visual angle (min = 0.17°, max = 0.50°). Precision, quantified
as RMS noise, corresponded to roughly 0.3°-0.5° of visual angle, indicating
low sample-to-sample variability. In practical terms, this means that the eye
tracker placed participants’ gaze estimates very close to their actual point
of fixation (within < 1° of visual angle), demonstrating both high accuracy
and stable measurement. Moreover, these accuracy and precision values are
also consistent with validation studies of the Gazepoint GP3 system, which
report spatial accuracy between 0.5° and 1° of visual angle (with no reported
precision values) (Brand et al., 2021)). For comparison, the EyeLink 1000 has
a stated accuracy of < 0.5° and precision (RMS) of approximately 0.01°-0.02°
(SR Research Ltd., 2005).

2.2.4 Data Analysis Approach

First, to investigate language processing across different population groups,
I visualized the data by plotting time-course graphs illustrating the mean
fixation proportions of looks to the critical word in each condition over time

across all participant groups (Figure [2.6).

To statistically investigate the impact of experimental condition and
participant group (L1 vs. L2; typical vs. dyslexic) on the proportion of looks
to the critical object over time, [ implemented two generalized additive mixed
models (GAMMs), each targeting a distinct time windowf}

e Anticipatory window: -1800 ms to 200 ms relative to target word
onset, corresponding to the period from picture onset until shortly after

the acoustic onset of the target word.

e Resolution window: 200 ms to 850 ms relative to target word onset,

2Time windows follow standard practices in visual world paradigm studies examining
predictive processing (Ito and Knoeferle, [2023; Godfroid, 2020, p. 198).
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Figure 2.6: Mean fixation proportions on target, phonological competitor, and unrelated
(baseline) objects in the L1 (top graph), Dyslexia (middle graph), and L2 (bottom graph)
groups. Time 0 ms represents the acoustic onset of the target word. Error bands indicate
standard errors.

corresponding to the period during (mean target duration ~630 ms)
and shortly after the auditory presentation of the target word capturing

target recognition and integration effects.

Following standard practice in the eye-tracking research, I added 200 ms
to these time windows to account for the time required to initiate a saccade
(Saslow, . Although 0 ms corresponds to the acoustic onset of the target
word, eye movements launched in response to this word typically appear
around 200 ms later due to processing and motor delays. As a result, looks
directed at the target or competitors within the anticipatory window (1800
ms to 200 ms) are interpreted as anticipatory, because they occurred before

the spoken word could have influenced eye movements.

For both time windows, I fitted GAMMSs using the bam() function from
the mgev package (Wood, 2017)). The dependent variable was the empirical
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logit—transformed proportion of looks to the critical object (elog). Gaze data
were prepared using the make_time_sequence_data() function from the
eyetrackingR package (Dink & Ferguson, 2015)), which structures the data
as one observation per participant x item x 50 ms time bin. Within each
time bin, the function computes a fixation proportion (prop) of gaze samples
directed to the area of interest relative to all on-screen samples in that bin
(sampled at 60 Hz), rather than by aggregating across participants or items.
No prior averaging across participants or items was therefore performed
before modelling, and the data retained their full trial-level structure. The

model specification was as follows:

main <- bam(elog ~
s(time) + cg +
s(time, by = cg) +
s(time, participant, by = cg, bs = "fs") +
s(time, item, bs = "fs"),
data = data, rho = rhol, AR.start = Is_start,
method = "fREML")

Each model included smooth terms for time (measured in milliseconds) and
parametric terms for the interaction between experimental condition (target,
phonological competitor, baseline) and participant group (L1, L2, Dyslexia),
encoded in the factor variable cg, which represented the full crossing of
condition and group. The cg variable was constructed as an ordered
factor with treatment (dummy) coding, with control.L1 (the unrelated
condition in the Italian L1 typical-reader group) as the reference level.
As a result, the parametric coefficients reported in the model output (see
Appendix D[) reflect contrasts against this baseline: the Intercept estimates
mean fixation in the reference cell, and the remaining coefficients represent
differences in mean fixation for each condition—group combination relative to
control.Ll. The difference smooths s(time, by = cg) correspondingly
capture how the time course of fixations in each condition—group cell

departs from the reference trajectory across the time window. Because the
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data retained their full trial-level structure, random variation across both
participants and items was modelled directly through the by-participant
and by-item factor smooth random effects included in the GAMM (i.e.,

s(time, participant, by = cg, bs = "fs") and s(time, item, bs

"fs")). Item-level random smooths by condition (s(time, item, by
cg)) were initially considered but led to overparameterized models without
improving model fit or interpretability and were therefore excluded from the
reported models. To account for temporal autocorrelation in the data, an

AR(1) parameter (p) was estimated and incorporated into the models.

To find the best-fit model, my selection process involved two key
comparisons. First, to test the contribution of the condition x group
interaction (cg), each full model was compared against a corresponding null
model that excluded the interaction. Second, models with and without the
autocorrelation parameter were compared to evaluate whether including p
improved model fit. In both cases, comparisons were conducted using the

compareML() function from the itsadug package (Van Rij et al., 2015)).

In time series or time-based data, like eye-tracking data with dense time
bins, residuals are not independent across time points. Therefore, it is
important to address autocorrelation. People typically move their eyes
only every 200 — 300 ms despite more frequent eye-tracker sampling (Ito &
Knoeferle, 2023). Thus, fixation at time ‘t’ is likely correlated with fixation
at time ‘t-1’. A major advantage of GAMMSs is their ability to account
for such autocorrelation, thereby reducing the risk of inflated false-positive
rates. However, binomial distribution cannot be used in GAMMSs to account
for autocorrelation, so I used empirical logit (FElog) transformed fixation
proportions as the dependent variable. The transformation was calculated
with a correction factor (¢ = 0.5) added to both numerator and denominator
of the logit equation to handle proportions of zero or one (Dink & Ferguson,
2015)).

To probe significant interactions, pairwise smooth comparisons were
conducted using functions from the itsadug package (e.g., plot_diff (),

get_smooths_difference()) with cluster-based permutation tests. These
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procedures identify time windows where trajectories significantly diverge,
providing the GAMMe-appropriate analogue of post-hoc contrasts in linear
models (such as emmeans). The same approach was applied consistently
to all between- and within-group comparisons. For clarity of presentation,
results are divided into separate paragraphs by group comparison, but they
all stem from this post-hoc procedure. While GAMMSs are sensitive to when
groups begin to diverge in their fixation trajectories, they do not provide an
explicit statistical comparison of divergence onsets between groups. They
capture differences in the overall proportion of looks and their time courses,
but cannot test whether, for example, one group starts to diverge earlier
than another. Therefore, I complemented GAMM analyses with divergence
point analysis (DPA), which is explicitly designed to estimate the timing of
divergence between conditions and groups, providing confidence intervals for

divergence onset and statistical tests of timing differences (described in more

detail in the next Section [2.2.5)).

2.2.5 Results. Anticipatory Window

A comparison between the constructed GAMM, including the condition X
group interaction, and its corresponding null model (without this interaction)
using the compareML() function from the itsadug package revealed that
the interaction significantly improved model fit (AfREML = —17,446.110,
Adf = 22.0, p < .0001, AIC difference = 35,233.55). This indicates that
experimental condition and group jointly influenced anticipatory looking
behavior. Incorporating the autocorrelation parameter (p = 0.82) also
substantially improved model fit compared to the model without this
parameter (AfREML = —15,984.73, Adf = 0, p < .0001, AIC difference =
31,790.18), confirming significant temporal dependencies in the eye-tracking
data. Full model output is reported in Appendix[D.Il Smooth terms revealed
significant differences in anticipatory looking behavior across conditions and
groups. As illustrated in Figure 2.7A, the empirical logit trajectories clearly
diverge between target and unrelated conditions across all participant groups,

providing evidence of strong preactivation of the critical word in the target
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Figure 2.7: GAMM model estimates of looks to the critical object over time. (A)
Comparison by condition for each group. (B) Comparison by group for each condition.
The x-axis represents time relative to the target word onset (0 ms), and the y-axis shows
the proportion of looks directed to the critical word transformed into empirical logit. If
the confidence interval (CI) of the graphed smooth doesn’t overlap with the dashed chance
line, one can infer that the effect is significant and the smooth is performing above random
chance. When the CI of two displayed smooths do not intersect at a particular point in
time, it suggests that the two smooths are statistically distinct at that moment.

condition.
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Figure 2.8: Estimated differences in empirical logit-transformed fixation proportions
over time in the target condition between L1 Italian typical readers and L1 Tyrolean
speakers (Italian L2). The x-axis represents time relative to target word onset (0 ms). The
solid line represents the estimated mean difference, with positive values indicating higher
fixation proportions for L1 Italian typical readers compared to L1 Tyrolean speakers.
Shaded bands represent 95% confidence intervals. Pink shading marks time intervals
during which group differences are statistically significant.

Group differences in anticipatory processing: L1 vs L2. Despite
exhibiting significant anticipatory fixations to the target overall, Tyrolean
speakers showed reduced anticipatory engagement compared to Italian
speakers, as reflected in a consistently lower proportion of looks to the target
in this time window. The difference plot demonstrates that the group effect
increased gradually over time, with the confidence interval excluding zero
entirely at approximately -971 ms (effect size = 0.603), indicating a significant
difference between the groups (Figure . To estimate the time at which
anticipatory effects occurred for L1 and L2 groups separately, I conducted
difference smooths analyses comparing target and control conditions within
each group. These analyses revealed that, in the L1 group, looks to the
critical word in the target condition began to diverge from looks to the
critical word in the unrelated condition approximately 1259 ms (effect size
= 1.192) before target onset (Figure , while in the L2 group, significant

divergence occurred later, around 971 ms (effect size = 0.834) before target

onset (Figure [2.9b)).
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Figure 2.9: Panels show differences in empirical logit-transformed fixation proportions
over time between the target and unrelated conditions (upper graph in each panel) and

the phonological and unrelated conditions (lower graph in each panel) for (a) L1 Italian
typical readers, (b) L2 Italian L1 Tyrolean speakers, and (c) participants with dyslexia.
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To statistically evaluate whether the divergence point occurred
significantly earlier for Italian speakers compared to Tyrolean speakers,
I conducted a divergence point analysis (DPA) using a bootstrapping
approach (see Figure. For this analysis, I ran 2000 bootstrap iterations
resampling the data with stratification to maintain the original data
structure. For each time point in each resampled dataset, I compared
log-transformed fixation proportions between target and control conditions
using t-tests. A significant divergence was defined at the first timepoint
that initiated a list of four consecutive t-values exceeding 1.96 (equivalent
to p < 0.05). Thus, for each bootstrap sample, I calculated the divergence
point (DP) for each group separately and the difference between these
DPs, which allowed me to estimate when each group began predictive
looking toward targets with 95% confidence intervals. To determine whether
the observed difference in DPs between the two groups was statistically
significant, I computed a null distribution by randomly reassigning group
labels across 2000 iterations. Then, for each bootstrap sample with
reassigned labels, I calculated the temporal difference between the two
groups’ DPs. The proportion of bootstrap samples where this difference
was less than or equal to zero represented the probability of observing
a difference as large as or larger than the one obtained under the null

hypothesis that there is no difference between groups.

The results showed that Italian L1 speakers began to show preferential
looks to the target at a mean onset of -1156 ms (95% CI [-1350, -900]
ms), while Tyrolean speakers showed this divergence later, at -855 ms (95%
CI [-950, -450] ms). These were similar to the GAMM model predictions
(-1259 ms and -971 ms, respectively), indicating a good model fit to the
data. The mean difference in divergence points between the groups was
approximately 251 ms (95% CI = |0; 750] ms), which reached the conventional
threshold for statistical significance (p = 0.05). This indicates a trend toward
earlier anticipatory processing in L1 compared to L2 speakers. However,
given that the confidence interval included zero and that there was overlap
in the group-level confidence intervals (L1: [-1350, -900| ms; L2: [-950, -500]
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Figure 2.10: Divergence point analysis of mean fixation proportions to the critical word
in target vs. unrelated conditions for L1 and L2 groups. Fixation proportions to the
critical word are plotted over time relative to the target word onset (0 ms), separately
for L1 and L2 groups. The y-axis shows the mean proportion of fixations to the critical
word. Error bars represent standard errors. The black dot and accompanying horizontal
error bar mark the estimated divergence point and its 95% confidence interval for each
group. Black dots above the plots indicate timepoints at which GAMM estimates reveal
a statistically significant difference between the target and unrelated conditions.

ms), this effect should be interpreted with caution.

In line with the predictions outlined in Section [2.1.4] which anticipated
that individual differences in L2 experience might modulate the timing of
anticipatory processing in L2 speakers, I further examined whether variability
in divergence point estimates within the Tyrolean group was associated
with measures of language experience and proficiency. To this end, Pearson
correlations were computed between each participant’s mean divergence point
in the highly predictable target condition and a set of LEAP-Q variables
indexing Italian exposure, self-rated proficiency, age of acquisition, and
continued L1 use (see Appendix |G| for the full correlation table).

Given the limited sample size (n = 17-19 across variables), the present
correlational analyses should be interpreted with caution. The smaller sample

size for daily Italian exposure (n = 17) reflects missing self-report data for
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this variable in two participants. With samples of this size, correlation
estimates can be unstable. Accordingly, the correlations are interpreted
in terms of effect size and direction rather than statistical significance.
Three correlations were of low-to-medium magnitude: daily Italian exposure
(r = 0.28), self-rated L2 proficiency (r = 0.19), and age of Italian acquisition
(r = -0.22). The remaining correlations were negligible (|r| < 0.08).

The direction of the correlations is not straightforwardly interpretable.
Since more negative divergence point values reflect earlier anticipatory
fixations to the highly predictable target, the positive associations with
daily Italian exposure (r = 0.28) and self-rated L2 proficiency (r = 0.19)
would suggest that higher exposure and perceived proficiency are weakly
associated with later anticipation of contextually predictable words. This
pattern seems to run counter to expectations. The negative association
with age of Italian acquisition (r = —0.22) would similarly suggest that later
learners showed marginally earlier anticipatory fixations, which is equally
difficult to interpret. Given the small sample size, however, all three estimates
are inherently unstable, which motivates the exploratory analyses described

below.

No univariate outliers were identified in divergence point estimates within
the Tyrolean group based on standard interquartile range (1.5 x IQR)
and z-score (|z| > 2.5) criteria. To further assess whether the observed
correlations were driven by individual observations, two complementary
analyses were conducted in R. First, diagnostics based on Cook’s distance
(Belsley et al., [1980)) were computed from simple linear regression models
predicting divergence point from each language experience variable. Cook’s
distance is a measure of how much a single participant influences the overall
result. For each participant in turn, it asks: “If I removed this person
from the dataset, how much would the correlation change?” A participant
with a high Cook’s distance is therefore an influential observation — not
necessarily an outlier in the traditional sense, but someone whose data point
has a disproportionate pull on the estimated relationship. A conventional

threshold of 4/n (where n is the sample size) was used to flag influential
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observations (~ 0.24 for analyses with n = 17 and ~ 0.21 for analyses
with n = 19). Second, leave-one-out (LOO) correlations were computed by
recalculating each correlation repeatedly, removing one participant at a time
and estimating the relationship on the remaining sample (Hastie et al.,2009).
This gives a direct picture of how stable the correlation estimate is across
the sample: a narrow LOO range suggests the correlation is robust, while
a wide range suggests it is heavily dependent on specific individuals. For
daily Italian exposure (r = 0.28), two influential observations were identified
(Cook’s D = 1.09 and 0.25). When both influential observations were
removed, the correlation increased to r = 0.49. LOO correlations ranged
from r = 0.18 to r = 0.57, indicating that the full-sample estimate is not
stable and varies substantially depending on which participants are included,
although the direction of the association remains consistently positive. For
self-rated L2 proficiency (r = 0.19), two mildly influential observations were
identified (Cook’s D = 0.26 and 0.22). Their removal produced only a modest
change in the correlation (r = 0.19 to r = 0.23), and LOO correlations ranged
from r = 0.09 to r = 0.32, suggesting that the estimate is relatively stable
in direction but remains weak. In contrast, for age of Italian acquisition
(r = -0.22), one influential observation was identified (Cook’s D = 0.5).
Removing this participant reduced the correlation from r = —0.22 to r =
~0.03, eliminating the effect. LOO correlations ranged from r = —0.30 tor =
—0.03, indicating that the negative correlation is entirely driven by a single

observation and cannot be considered a reliable finding.

Taken together, these analyses indicate that the observed correlations
are not driven by simple outliers in divergence point estimates, but rather
reflect varying degrees of sensitivity to individual observations. While the
associations with daily Italian exposure and self-rated L2 proficiency show
weak but directionally consistent trends, their magnitude is unstable. The
correlation with age of acquisition is not robust and does not provide reliable
evidence of a relationship. Importantly, no coherent pattern emerges across
predictors. Given the limited sample size, all estimates carry substantial

uncertainty, and these findings should be treated as exploratory observations.
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Group differences in anticipatory processing: Italian L1 typical
readers vs. dyslexia. Within-group analyses revealed that both
participants with dyslexia and Italian L1 typical readers showed target
preactivation effects. In the dyslexia group, looks to the critical item in
the target condition began to diverge from the unrelated condition around
1009 ms before target onset (effect size = 1.248), while in the typical reader

group, divergence occurred at 1259 ms before target onset (effect size =

1.192) (Figures and respectively).
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Figure 2.11: Divergence point analysis of mean fixation proportions over time for the
target and unrelated conditions. Fixation proportions to the critical word are plotted over
time relative to the target word onset (0 ms), separately for typical readers (Control L1)
and participants with dyslexia (Dyslexia L1).

However, divergence point analysis detected greater variability in timing
across participants (Figure . According to this analysis, typical readers
initiated predictive fixations approximately 1156 ms before target onset (95%
CI [-1350, -900]), while participants with dyslexia showed a mean divergence
at 441 ms before target onset (95% CI [-950, 50|} Despite a 664 ms

3Tt is important to note that the DPA estimate reflects the average divergence onset
across participants, while its confidence interval indicates the plausible range of this mean.
By contrast, GAMMs identify the earliest time point at which fixation trajectories differ
reliably. As a result, the GAMM estimate typically aligns more closely with the earlier
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difference in mean divergence timing, the between-group difference did not
reach significance (p = 0.2, 95% CI [150, 1300]). It is also worth noting that
the confidence intervals in the dyslexia group were substantially wider (-950
to 50 ms) compared to the typical reader group (-1350 to -900 ms), indicating

greater between-subject variability.

To further characterize the variability within the dyslexia group, I
inspected the distribution of individual mean divergence points (Figure.
These individual estimates represent each participant’s mean divergence
timing computed directly from their fixation data, and are distinct from the
bootstrapped group-level DPA estimate and its confidence interval, which
reflects sampling uncertainty around the group mean across 2000 bootstrap
resampleq'ﬂ The distribution spanned from —1384 ms to —314 ms (mean
= —998 ms, SD = 293 ms, median = —-1045 ms, MAD = 271 ms). While
visually the distribution appears somewhat spread, with one participant
showing a notably later divergence point (-314 ms) relative to the rest of
the group, no extreme values were detected based on z-score screening (|z|>
2.5), and the proximity of the mean and median suggests the distribution
was not substantially driven by extreme observations. Moreover, the null
between-group result is unlikely to be an artefact of this participant’s
influence: removing them would shift the dyslexia group mean toward
earlier divergence, thereby reducing the difference between groups. The wide
confidence interval in the DPA, therefore, appears to reflect between-subject
variability rather than the influence of a small number of atypical cases, while
also being expected given the relatively small sample size of the dyslexia
group, which limits the precision of the estimate. Importantly, this degree of
heterogeneity is consistent with the well-documented individual variability

within the dyslexia population, where differences tied to severity are an

end of the DPA confidence interval rather than with its mean. This is why the GAMM
estimate of 1009 ms is nearer to the lower bound of the DPA CI (-950 ms) than to the
DPA mean (—441 ms). The two methods therefore provide complementary rather than
conflicting timing estimates.

4In other words, the DPA confidence interval answers the question: how precisely can we
estimate when this group, as a whole, diverges? The histogram of individual divergence
points answers a different question: how much do individual participants vary in their
divergence timing?

129



expected feature of the population (e.g., Snowling, 2001; Wagner et al.,
2020). Given that no statistical grounds for exclusion were identified, all

12 participants were retained.
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Figure 2.12: Distribution of individual mean divergence points (ms before target onset)
in the dyslexia group (n = 12). The red dashed line indicates the group mean (998 ms).
The overlaid density curve (blue) is shown for reference. Individual divergence points
represent each participant’s mean estimated divergence timing and span from —1384 ms
to —314 ms.

The GAMMs difference curves comparing the patterns of anticipatory eye
movements directed at the critical object in the target condition between
the two groups (Figure also showed no significant differences, with
confidence intervals including zero throughout the entire time window. This
confirms the results of the DPA analysis that both groups demonstrated
comparable anticipatory abilities. However, the high individual variability in
the dyslexia group (evidenced by the wide confidence intervals) suggests this
null result should be interpreted cautiously, as the heterogeneity may mask
subgroup differences or reduce power to detect more subtle between-group

effects.

130



1.51

1.01

0.51

L1 -DYS

0.07

-0.51

-1.01

-1500 -1200 -900 -600 -300 O
Time (ms)

Figure 2.13: Estimated differences in empirical logit-transformed fixation proportions
over time in the target condition between L1 Italian typical readers and L1 Italian
participants with dyslexia. The x-axis represents time relative to target word onset (0
ms).

Group differences in anticipatory processing: L2 vs. dyslexia.
Comparisons were conducted also between non-typical groups to see whether
L2 typical readers and L1 speakers with dyslexia differ from each other
in their anticipatory processing patterns. Figure [2.14] shows the difference
in fixation proportions between L2 and dyslexic participants in the target
condition across the anticipatory time window. As seen in the figure,
the confidence interval includes zero throughout the entire time window,
indicating no statistically reliable difference between the groups at any

timepoint.

These results are further supported by the divergence point analysis, which
also did not detect any significant difference between the groups (p = 0.4),
with the mean divergence of 464 ms between the groups (CI: -1000, 50)
(see Figure [2.15)). The substantial overlap in confidence intervals (L2: [-950,
-500] ms; Dyslexia: [-950, 50]) confirms that despite their different sources of
processing difficulty (second language vs. reading disorder), both groups
demonstrate remarkably similar dynamics in their anticipatory language

processing.
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Figure 2.14: Estimated differences in empirical logit-transformed fixation proportions
over time in the target condition between L1 Tyrolean speakers (Italian L2) and L1 Italian
participants with dyslexia. The x-axis represents time relative to target word onset (0 ms).
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Figure 2.15: Divergence point analysis of mean fixation proportions over time for the
target and unrelated conditions. Fixation proportions to the critical word are plotted over
time relative to the target word onset (0 ms), participants with dyslexia and Tyrolean L1
speakers (L2).
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Phonological competition effects in the anticipatory window. The
model showed no significant effect of phonological competition across all
groups. Difference smooth plots (Figure —c) showed no significant time
window where phonological competitor looks exceeded unrelated condition
looks in any group. This finding suggests that participants did not show
evidence of phonological form preactivation of highly predictable target words
during anticipatory processing. This pattern suggests that anticipatory
processing in highly predictable contexts may primarily involve semantic
rather than phonological preactivation, or that phonological competition

effects were not detectable under these experimental conditions.

To assess the sensitivity of the present design to detect phonological
competitor effects, a simulation-based power analysis was conducted using
linear mixed-effects models fitted to empirical logit-transformed fixation
proportions (Barr, 2008). Variance components were estimated from the
present data over the -1500 to -840 ms pre-target window — the interval
identified by Ito (2024) as the period during which phonological competitor
effects emerge in studies using a 2000 ms preview, as in the present
experiment. Using this empirically grounded window avoids inflating power
estimates by assuming a sustained effect across periods where the effect is
known to be absent. Models were fitted separately for the full sample and for
the L1 Italian typical reader group, as this group represents the population
for which phonological prediction effects are most robustly documented in
the literature and is therefore the most theoretically relevant subgroup for
evaluating sensitivity. The most complex random effects structure that
converged without singularity was retained in each case. The effect size
was not derived from the present data but from the meta-analytic estimate
reported by Ito (2024): a 5% absolute increase in fixation proportion to the
phonological competitor relative to the unrelated baseline, corresponding to
the peak effect size identified across studies using a target-absent design with
a 2000 ms preview. One thousand datasets were simulated for each scenario
and analysed with linear mixed-effects models with by-subject and by-item

random intercepts and maximum likelihood estimation. The simplified
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random effects structure was justified by the negligible variance components
observed. Simulations were validated by confirming Type I error rates close

to the nominal 5% level under a null effect.

Estimated power was 22.8% for the full sample (n = 54) and 11.5% for the
L1 Ttalian typical reader group (n = 23). This low sensitivity reflects both
the relatively small per-group sample size and the high residual variance
in the data, likely exacerbated by the lower temporal resolution of the
eye-tracker (60 Hz), which limited the number of observations contributing
to each condition cell. These estimates indicate that the absence of a
phonological competitor effect should be interpreted with caution, as the
design had limited sensitivity to detect effects of the magnitude reported in

the literature.

2.2.6 Results. Resolution Window

A model comparison using compareML showed that the full model had a
significantly better fit compared to the null model without the parametric
interaction between condition and group (AfREML = -8,967.05, Adf
= 22.0, p < .0001, AIC difference = 18,159.10). Similarly, including
the autocorrelation parameter (rho) substantially improved the model fit
(AfREML = —6,287.76, Adf = 0, p < .0001, AIC difference = 12,591.59).
See Appendix for a full model summary.

In the resolution window, GAMM analysis revealed that the proportion of
looks to the critical picture in the target condition was significantly higher

than in the unrelated condition for all groups, with this difference emerging
from the onset of the time window (Figures 2.18a-c).

Group differences in word recognition. While all participant groups
demonstrated preactivation of the target word before its onset (as evidenced
in the prediction window analysis), the time course of lexical access
revealed subtle but meaningful differences between groups. Smooth function

comparisons indicated that Italian L1 typical readers maintained consistently
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Figure 2.16: GAMM model estimates of looks to the critical object over time. (A)
Comparison by condition for each group. (B) Comparison by group for each condition.
The x-axis represents time relative to the target word onset (0 ms), and the y-axis shows
the proportion of looks directed to the critical word transformed into empirical logit.

higher overall fixation proportions to the target compared to Tyrolean L1
speakers until approximately 548 ms post-onset (mean difference = 0.616),
after which the fixation patterns converged (see Figure . Similarly,
L2 participants showed slightly lower looks to the target compared to
participants with dyslexia during the early resolution window, with this
difference persisting until approximately 331 ms post-onset (mean difference
= 0.677) (Figure 2.17d). In contrast, typical L1 speakers did not differ from
participants with dyslexia in the overall efficiency of lexical access, with both

groups fixating on the target with similar amplitudes (Figure 2.17h]).

Phonological competition effects during lexical access. Regarding
phonological competition, none of the groups showed significant activation
of phonological competitors after target word onset, as indicated by
confidence intervals that consistently included zero throughout the analysis
window (Figures —c). The non-significant effects of the phonological
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participants with dyslexia, and (c¢) L1 Tyrolean speakers vs. L1 Italian participants with
dyslexia. The x-axis represents time relative to target word onset (0 ms).

condition compared to unrelated items suggest that once the target word
began unfolding, participants rapidly resolved any potential phonological
competition in favor of the target. This efficient resolution of competition

was consistent across all groups.
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typical readers, (B) L2 Italian L1 Tyrolean speakers, and (C) participants with dyslexia.
The x-axis represents time relative to target word onset (0 ms).
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2.3 Discussion

The integrated analysis across all participant groups revealed both
similarities and differences in spoken language processing. Where differences
emerged, they were primarily quantitative in nature, manifesting as
differences in timing or magnitude of effects. All three groups showed
anticipatory looks to the critical word in the target condition, confirming
robust preactivation of upcoming linguistic input during spoken language
comprehension. This finding aligns with the substantial body of literature
that considers predictive processing to be a fundamental component of
language comprehension (e.g., Altmann & Kamide, (1999; DeLong et al.,
2005, Federmeier, 2007)).

Crucially, the results revealed distinct patterns in the time course and
magnitude of anticipatory processing between L1 and L2 speakers. Italian L1
typical readers demonstrated earlier and stronger anticipatory engagement
relative to Tyrolean L1 speakers. In contrast, Tyrolean speakers during
spoken comprehension in their L2 (Italian) demonstrated a more gradual
increase in looks to the highly predictable critical word. Group differences
in fixation proportions to the target emerged over time, reaching statistical
significance approximately 970 ms before target onset. Moreover, Italian
L1 speakers initiated anticipatory processing earlier than Tyrolean speakers,
with a mean divergence point approximately 250 ms earlier. Although
this difference should be interpreted cautiously, given overlapping confidence
intervals and variability, the observed pattern aligns with previous findings in
L2 comprehension showing preserved anticipatory processing with relatively
small temporal delays that are often modulated by proficiency and language
experience (Chambers & Cooke, |2009; Ito et al., [2018; Tagliani et al., [2025;
Van Bergen & Flecken, [2017). Across studies, highly proficient L2 speakers
often show anticipatory effects comparable to those of native speakers,
whereas learners with lower or intermediate proficiency tend to show modest
delays in onset latency. To assess whether such individual-difference factors

contributed to the variability observed in the present data, I examined
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correlations between divergence point estimates and LEAP-(Q)Q measures
within the Tyrolean group. As reported in Appendix [G] none of these
measures reliably predicted divergence point timing, suggesting that, in the
present sample, differences in anticipatory onset among L2 speakers were not
systematically related to self-reported proficiency or exposure. However, this
null correlation should be interpreted cautiously, given the small Tyrolean

subsample and possible limitations of self-report proficiency measures.

Several accounts may explain why L2 comprehenders in this study
appeared less certain in their anticipatory fixations, despite showing broadly
similar divergence points as L1 speakers. The weaker lexical-semantic links
hypothesis receives indirect support from the present data. This account
proposes that prediction in the L2 is explained by weaker links between
lexical items’ semantics and phonology, which results in slower lexical
access and consequently slower predictions during language comprehension
(Dijkgraaf et al., [2019). Similarly, vocabulary size has been shown to
correlate with prediction efficiency, indicating that the strength of lexical
representations is critical for anticipatory processing (Borovsky et al.,
2012). However, recent evidence from Fernandez, Shehzad, and Hadley
(2025)) suggests that delays in semantic prediction due to weaker semantic
network efficiency and the speed of lexical access may be age-specific.
In their study comparing younger adult L1 and L2 speakers, Fernandez,
Shehzad, and Hadley found that predictions based on semantic spreading
activation were quite similar between groups, contrasting with the delays
they observed in older adults (mean age 68.87 years). A second possible
explanation emphasizes the non-selective nature of the bilingual lexicon (see
Section . If lexical representations in both languages are activated in
parallel, they may compete for selection and create slower or less robust
input for downstream processing (Hopp, 2018; Ivanova & Costa, 2008).
Non-selective activation can make lexical retrieval more diffuse, thereby
reducing the efficiency of predictive mechanisms. Finally, the processing
resources hypothesis appears less applicable to the present data. This

account highlights that L2 comprehenders may rely on qualitatively similar
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mechanisms as L1 comprehenders but with reduced efficiency due to weaker
syntactic processing (Clahsen & Felser, [2006), weaker semantic networks
(Ivanova & Costa, 2008), and less automatic comprehension (Segalowitz &
Hulstijn, [2009). Prediction in L2 may therefore place higher demands on
domain-general executive resources such as memory and cognitive control
(Ryskin et al., 2020). However, the present experimental design featured
relatively simple sentences with highly constraining verb-based predictions,
placing minimal demands on syntactic processing or working memory. The
current data cannot definitively isolate the relative contribution of each
mechanism. However, these explanations are not mutually exclusive: weaker
lexical-semantic links, non-selective cross-linguistic activation, and higher
processing demands may jointly contribute to why prediction in the L2 often

appears less strong.

The comparison between L1 typical readers and participants with
dyslexia did not reveal any significant differences in the temporal dynamics
of anticipatory eye movements, as indicated by both the GAMM and
divergence point analyses. Importantly, a wide confidence interval for
the mean divergence point between the two groups (150 — 1300 ms),
mainly influenced by the dyslexia group, suggests greater inter-individual
variability in predictive processing within this experimental group compared
to typical readers. Several factors may contribute to this heterogeneity.
First, the relatively small sample size of participants with dyslexia may
have contributed to the observed variability in the data. The heterogeneity
might also arise from differences in cognitive profiles among individuals
with dyslexia, a phenomenon that has been well-documented in previous
research (Heim & Grande, 2012; Pacheco et al., 2014; Pennington et al.,
2012). For instance, Pacheco et al. (2014) identified two distinct clusters of
dyslexic children based on phonological awareness, rapid naming, and other
cognitive abilities. This aligns with Heim and Grande’s (2012)) concept of
dyslexia “fingerprints,” referring to distinct cognitive profiles of individuals
with dyslexia and their corresponding neurobiological patterns. These

findings underscore the importance of considering individual differences
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when studying dyslexia. That is why in my subsequent experiment
(discussed in Chapter , I included additional measures, such as the Rapid
Automatized Naming (RAN) Task (CTTOP), Stroop Task, Adult Reading
History Questionnaire (ARHQ), Peabody Picture Vocabulary Test (PPVT),
and Author Recognition Test (ART), for more tailored comparisons. This
represents a methodological refinement based on insights gained from
Experiment 1, where the heterogeneity in dyslexic participants’ responses

highlighted the need for more detailed cognitive profiling.

Interestingly, the comparison between L2 speakers and L1 speakers with
dyslexia revealed no significant differences in anticipatory processing. Thus,
despite different underlying factors (second language processing vs. reading
disorder), these groups showed similar patterns in both the magnitude and

time course of their anticipatory looks to the target.

In the resolution time window, all groups maintained a strong preference
for the target after its onset compared to unrelated items, indicating that
predictions were successfully confirmed and integrated following auditory
input. However, L2 speakers maintained a lower proportion of looks to the
target word compared to L1 speakers until approximately 550 ms post-onset,
after which the fixation patterns converged. This suggests that despite a
slight temporal delay, Tyrolean speakers eventually achieved similar levels
of target identification. Ome possibility is that, once sufficient bottom-up
information accumulates, the lexical input overrides earlier delays caused by
weaker lexical-semantic links, slower access, or higher processing demands
in the L2. In other words, predictive processing may be less efficient in
L2, but recognition processes allow listeners to “catch up” with L1 speakers
in the resolution window. In the present experiment, all sentences were
predictable, so it was not possible to directly assess whether L2 and L1
groups differed in lexical recognition in the absence of prediction. This
issue is addressed in the subsequent English experiment, which included
unpredictable sentences and thus provides an additional test of group
comparability in lexical identification (see Chapter [4}). Similarly to the

anticipatory window, participants with dyslexia did not show any differences
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in looks to the target compared to typical readers. Finally, the comparison
between L2 speakers and L1 speakers with dyslexia revealed only a slight
difference in lexical access, with L2 speakers showing a lower proportion of
looks to the target in the earliest part of the post-onset fixation window
(roughly the first 130 ms of the observable fixation response, corresponding
to ~ 330 ms after the acoustic target onset once saccadic latency is taken

into account).

The absence of a significant phonological effect directly addresses my
first research question regarding whether phonological features of upcoming
predictable words are retrieved before the acoustic onset. The results do not
provide evidence for phonological form preactivation, as participants did not
show increased looks toward phonological competitors compared to unrelated
items in the anticipatory window across any group. This pattern diverges
from studies that have found phonological form preactivation (DeLong et al.,
2005; Ito et al., 2018, 2020; Li & Qu, |2023; Li et al., 2022) but aligns with
those suggesting that prediction operates mainly at semantic or conceptual
levels without extending to detailed phonological representations (Ito &
Husband, 2017; Ito et al., 2017b; Nieuwland et al., 2018)). One possible
explanation is that the strong contextual constraints in the sentence stimuli
allowed listeners to rapidly discard phonologically similar but semantically
incongruent competitors. In addition, onset phoneme overlap between targets
and competitors could have been too small, leading to no observable effect
(Ito, 2024)). A further methodological consideration is statistical power.
A simulation-based power analysis, grounded in the variance components
estimated from the present data and the meta-analytic effect size reported
by Ito (2024), indicated that this study had an estimated power of 22.8%
for the full sample and only 11.5% for the L1 Italian typical reader group.
These low estimates reflect two compounding factors: the small per-group
sample size and the higher residual variance attributable in part to the lower
temporal resolution of the Gazepoint GP3 HD eye-tracker (60 Hz). The
absence of a phonological effect is therefore consistent with the design being

underpowered rather than, or in addition to, reflecting a genuine absence of
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phonological preactivation. A more sensitive test is provided by Experiment
2 (see Chapter [4]), which employed a higher-precision tracker (EyeLink 1000,
500 Hz) and a larger participant sample.

Furthermore, I found no evidence of phonological form activation in
the resolution window. It is typically expected that as the word unfolds,
cohort competitors sharing initial phonological features with the target
would be briefly activated (Allopenna et al., |1998; Huettig & McQueen,
2007)). However, the absence of such effects in the present study may reflect
prediction-induced inhibition of competitors, i.e., high cloze probability
of the sentences and the nature of the given task itself — to look at
the mentioned object — likely induced participants to commit strongly
to the predicted target, preempting any activation of phonological form
competitors. Haeuser and Borovsky (2024) demonstrated that when words
are strongly predicted in constraining contexts, the predicted target actively
suppresses phonologically similar competitors during word recognition. This
suppression mechanism, consistent with competitive word recognition models
(McClelland & Rumelhart, [1981)), may explain why phonological competitors
remained inactive even after target word onset in highly predictive sentences.
These findings contrast with those by Ito et al. (2018), who reported that
L2 participants activated phonological form information associated with the
target word after its onset via priming, while L1 speakers did not (see
Section . One potentially relevant difference between the two studies
concerns the age of first exposure to the L2. In the present study, Tyrolean
speakers reported first exposure to Italian at a relatively early age (M =
5.8 years, SD = 1.8, range = 3-10 years), whereas the L2 participants
tested by Ito et al. (2018) reported a later mean age of first exposure
to English (M = 10 years, range = 5-15 years). Earlier exposure could
plausibly lead to tighter coupling between contextual-semantic constraints
and phonological processing, such that activation remains focused on the
contextually licensed target and does not spread to phonologically similar
but contextually irrelevant competitors, thereby reducing the emergence

of post-onset phonological priming effects. To further investigate whether
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post-onset phonological competitor effects depend on sentence predictability
or instead reflect more general activation dynamics in L2 comprehension,
I included an unpredictable condition in the second study (discussed in
Chapter [4]). This manipulation allows for a more direct test of whether
phonological activation in the resolution window is modulated by contextual

constraint.

In sum, this integrated analysis provides evidence for both differences and
similarities in anticipatory language processing across different population
groups. All groups engaged in predictive processing, but with distinct
temporal dynamics: typical [talian readers demonstrated earlier and more
robust anticipatory looks to target objects before hearing the corresponding
words compared to L2 speakers. The observed temporal differences
contribute to ongoing debates about whether prediction mechanisms
operate fundamentally differently in L1 versus L2 processing or whether
the same mechanisms operate with different efficiency levels. The findings,
which show robust anticipatory processing with only slight delays in the
Tyrolean group, provide support for the shared mechanisms hypothesis.
The temporal delay and reduced magnitude of anticipatory looks in L2
participants suggest that these predictive mechanisms operate with reduced
efficiency or under greater resource constraints in this population group.
This pattern aligns with Kaan’s (2014) proposal that L2 prediction differs
from L1 prediction primarily in degree rather than kind. Observing
convergence in the resolution window further supports this interpretation
— once sufficient bottom-up input becomes available, the L1-L2 difference
disappears, suggesting that underlying language comprehension mechanisms
are fundamentally similar. Regarding the dyslexia group, the results
provide evidence for intact predictive processing mechanisms in individuals
with dyslexia.  Despite well-documented difficulties with phonological
processing and reading, the current findings reveal that their ability to
generate context-based predictions is comparable to that of typical readers.
Moreover, both experimental groups showed comparable results in key

measures of anticipatory processing. The phonological null result should be
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interpreted in light of the limited statistical power of the present design,
and a more definitive test is reserved for Experiment 2. Nonetheless, to
the extent that the null result is meaningful, it may suggest that strong
predictive mechanisms do not necessarily extend to phonological form
activation during anticipatory processing. Even when semantic prediction
is robust, phonological processing may either fail to extend to the level of
phonological form or remain tightly constrained by contextual expectations,
such that activation is focused on the predicted target and does not spread
to phonologically similar but contextually irrelevant alternatives. In this
view, strong contextual constraints may alter the dynamics of lexical access,
as reflected in the absence of phonological competitor effects during the word
recognition phase, potentially allowing comprehenders to bypass typical

phonological competition in favor of confirming a highly predicted target.
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Chapter 3

Experiment 1b: Grammatical
Gender as a Predictive Cue in

Italian

The second phase of the Italian experiment investigated how participants
with dyslexia and L2 speakers utilize grammatical gender cues in predictive
language processing. While the goal of the first part of the experiment
(Experiment 1la, discussed in Chapter [2) was to examine semantic and
phonological prediction mechanisms, this part focused specifically on
morphosyntactic prediction through gender agreement systems. The study

addressed three primary research questions:

1. Do individuals use grammatical gender cues (e.g., determiners) in
prediction, and are there differences between participants with dyslexia

and L2 speakers compared to L1 typical readers?

2. Does cross-linguistic gender congruency between Italian and Tyrolean
modulate predictive processing in bilingual participants? Specifically,
do Tyrolean L1 speakers show enhanced prediction when grammatical

gender of the target overlaps between the two languages?

146



3. Does the presence of cognatesﬂ among competitor items influence

prediction in L2 participants?

3.1 Method

3.1.1 Participants

The same 57 participants as in Experiment la participated in this part,
maintaining the group division (see Section . For the present analyses,
only two participants were excluded during data cleaning, compared to three
exclusions in Experiment la, as one Tyrolean participant met the quality
criteria in this part but not in the previous one (see Section for details
on the data cleaning procedure). As a result, the final sample for this part
consisted of 55 participants (see Table .

Table 3.1: Demographic characteristics of study participants by group
(Experiment 1b)

Italian L1 Tyrolean L1
Characteristic Typical Dyslexia
Sample size (n) 23 12 20
Gender (f/m) 14/9 8/4 12/8
Age (years) 23.1 (4.7) 25.6 (8.5) 25.95 (8.7)
Education level (% secondary/higher) 87/13 75/25 74/26

Note. Values show Mean (Standard Deviation).

3.1.2 Materials

The experimental task involved a visual world paradigm where participants
viewed arrays of four pictures (one target and three distractors) while
listening to Italian sentences beginning with “ Guarda la loro /il loro...” [Look
at their...]. Participants were introduced to the Rossi family, who enjoy
collecting various items from objects to animals, and were instructed to
look at the mentioned object on the screen as quickly as possible (see

Figure . All sentence stimuli were recorded by the same female native

!For more information on cognates, please refer to Section of Chapter 1.
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Figure 3.1: The Rossi family introduction screen shown to participants before the
experimental task.

speaker of Italian at the same time as the stimuli used in Experiment la
(see Section [2.1.2.2)). Because all sentences followed an identical syntactic
structure and differed only in the sentence-final noun, the recordings
were subsequently segmented using audio-editing software (Audacity 3.7.1;
Audacity Team, 2024) so that the same sentence onset (Guarda il loro /
Guarda la loro) was used across all items of the corresponding gender and
combined with the remainder of each sentence. This prevented item-specific
coarticulatory cues between the determiner and the noun, allowing eventual
anticipatory effects to be attributed to grammatical gender marking on the
determiner. The possessive pronoun loro [their| was included in all sentences
to extend the time window between the article and the noun, providing

participants with additional processing time for eventual anticipatory looks.

The experiment followed a 3-condition within-subjects design (prediction
congruent, prediction incongruent, non-predictive baseline). A total of 18
critical items were constructed, with 6 items per condition (see Appendix.
Each item appeared in only one condition, and all participants saw all items
presented in a randomized order. In addition, 3 practice trials were included
at the beginning of the experiment. Each trial displayed four pictures (one

target and three distractors). No filler trials were included.
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3.1.2.1 Experimental Conditions.

Three main experimental conditions were implemented to investigate
grammatical gender-based prediction (see Figure for an example
display).

Non-predictive Prediction Prediction
(baseline) Congruent Incongruent

Figure 3.2: Experimental conditions for sentences: Guarda il loro casco |Look at their
helmet| for the non-predictive condition; Guarda la loro mucca [Look at their cow] for the
prediction congruent condition; Guarda il loro gatto [Look at their cat] for the prediction
incongruent condition. Targets are encircled.

The three experimental conditions were the following:

e Non-predictive Condition (baseline): All four pictures depicted
objects of the same grammatical gender in both Italian and Tyrolean,
eliminating the possibility of gender-based prediction. For example, all
objects were masculine in both languages: 1l casco (M)El / der Helm
(M) |helmet|, il secchio (M) / der Kiebl (M) |bucket|, il pettine (M) /
der Kompl (M) [comb]|, and il gallo (M) / der Gigger (M) [rooster| (see
Figure |3.2). Thus, no anticipatory eye movements toward the target

were expected in this condition.

e Prediction Congruent: One object (the target) differed in
grammatical gender from the other three. The grammatical gender of
depicted objects was consistent across both languages. For instance,
in the display for Guarda la loro mucca [Look at their cow|, the target
la mucca (F) / die Kuah (F) appeared together with three masculine
distractors: il palloncino (M) / der Luftballon (M) [balloon|, il calzino

2Morphological labels follow the Leipzig Glossing Rules (Comrie et al., [2015) using F
= feminine, M = masculine.
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(M) / der Sock (M) [sock|, and il frigorifero (M) / der Eiskoschtn (M)
[fridge]. In this configuration, the determiner uniquely pointed to the
target in both languages and should therefore support anticipatory

looks.

e Prediction Incongruent: The target’s grammatical gender diverged
across the two languages, such that the Italian article supported
prediction of one picture while Tyrolean gender pointed to a different
one. In the display for Guarda il loro gatto [Look at their cat|, the
Italian target il gatto (M) contrasted with the Tyrolean die Kotz (F).
The three distractors showed the opposite pattern, being feminine in
Italian but masculine in Tyrolean: la scarpa (F) / der Schuah (M)
[shoe|, la mela (F) / der Epfi (M) |apple|, and la pentola (F) / der
Topf (M) [pot]. Thus, gender-based prediction was congruent within

each language but mutually incompatible across Italian and Tyrolean.

Additionally, to examine the influence of cross-linguistic lexical similarity
on predictive processing in bilingual participants, a subset of the
experimental items included Italian—Tyrolean cognate pairs. Cognates
were distributed across conditions such that 8 of the 18 experimental trials
contained both a target and one competitor that were Italian—Tyrolean
cognates, resulting in two of the four pictured objects per display being
cognates (see Figure . Including competitor cognates, rather than only
target cognates, served to avoid systematic associations between cognate
status and target position. In total, 22 cognate words were included across

the experiment:18 in experimental trials and 4 in practice trials.

Cognate status was expected to interact with the prediction manipulation
depending on condition.  Target cognates may facilitate recognition
in congruent conditions, whereas cross-linguistic similarity may have
competing effects in incongruent trials (see Section . As discussed
in Section L1 participants grew up with Italian as their only home
language and reported no knowledge of Tyrolean. While all had experience
with additional languages (most commonly English), these were acquired

later in life and not from birth, so they cannot be considered simultaneous
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Figure 3.3: Examples of prediction congruent and incongruent trials illustrating the
cognate manipulation. Items shown in red are Italian—Tyrolean cognates. In the congruent
example (left), the target il leone/der Lowe (‘the lion’) and the competitor la chitarra/die
Gitarre (‘the guitar’) are cognates, while the other distractors (la bottiglia/die Flosch ‘the
bottle’, la scatola/die Schochtl ‘the box’) are non-cognates. In the incongruent example
(right), the target la stella/der Stern (‘the star’) and the competitor il vaso/die Vase (‘the
vase’) form the cognate pair, with non-cognate distractors (il pipistrello/die Fledermaus
‘the bat’, il violino/die Geige ‘the violin’) completing the display.

bilinguals.  Accordingly, the Italian—Tyrolean congruency and cognate
factors are theoretically targeted at the Tyrolean group, while any cognate
facilitation in Italian L1 (e.g., via English) is incidental and not expected to

interact with the congruency manipulation.

3.1.3 Procedure

Experiment 1b followed immediately after Experiment la and began with
three practice trials. Whereas some sentences in Experiment 1a did not refer
to any of the displayed objects, each sentence in this phase corresponded to
one of the picture objects. Participants were introduced to the Rossi family,
who enjoy collecting various items, from objects to animals (Figure .
They were informed that they would now hear what the Rossi family collects,
and their task was to look at the mentioned object on the screen as quickly

as possible.

After the practice trials, participants were shown four pictures (one target
and three distractors) (see Figure [3.2)) while listening to sentences that began
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with “Guarda la loro/il loro...” |Look at their...]. As in the previous part
(Experiment 1a), the visual presentation of the sentence stimuli began 2000
ms before the acoustic onset of the critical word. However, since sentences
in this part were much shorter compared to the first part, pictures appeared
on the screen before the sentence started (see Figure . No feedback was

given during the experiment.

+ -2000 ms
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f\\_ 14 /
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Figure 3.4: Trial procedure and timing for Experiment 1b.

3.1.4 Predictions

Based on the theoretical framework and empirical findings reviewed in

Chapter [T} I formulated the following predictions for the present study.

Grammatical gender as a predictive cue. Research using both ERP
and eye-tracking paradigms has demonstrated that listeners can exploit
grammatical gender marking on determiners to anticipate upcoming nouns
in real time (see Section . In visual-world studies, native speakers of
languages with grammatical gender systems show anticipatory fixations to
gender-matching referents as soon as the article is heard, before the noun
itself is spoken (Bosch & Foppolo, 2022; Huettig & Brouwer, 2015)). Given
this evidence, I predicted that Italian L1 typical readers would show strong
anticipatory looks to gender-congruent targets in both prediction congruent
and prediction incongruent conditions, reflecting efficient exploitation of

grammatical gender cues during real-time comprehension. For Tyrolean
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L1 speakers (L2 Italian), the literature on morphosyntactic prediction in
L2 comprehension indicates that while L2 speakers can use gender cues
predictively, such effects are typically weaker, delayed, or more variable than
in L1 comprehension, and are often modulated by cross-linguistic overlap
and proficiency (Dussias et al., 2013; Hopp, 2013; Hopp & Lemmerth,
2018). Because both Italian and Tyrolean encode grammatical gender
on determiners, this structural similarity should facilitate gender-based
prediction. However, differences in cue reliability, lexical gender knowledge,
and overall L2 proficiency may result in reduced or delayed anticipatory
effects compared to native Italian speakers. For Italian L1 speakers with
dyslexia, Huettig and Brouwer (2015]) demonstrated that adults with dyslexia
show delayed anticipatory eye movements when using gender cues to predict
upcoming referents (see Section . Importantly, their findings indicate
that predictive use of grammatical gender is not absent, but rather less
efficient, in dyslexia. Accordingly, I expected Italian L1 participants with
dyslexia to show a preserved ability to use gender cues, albeit with delayed

temporal dynamics compared to typical readers.

Cross-linguistic gender congruency effects. As reviewed in
Section [1.4.1] cross-linguistic similarity at the lexical and morphosyntactic
levels might determine whether L2 comprehenders can exploit grammatical
gender cues predictively. A gender congruency effect has been observed
in both adult L2 learners and bilingual children: when a noun carries
incongruent gender values across the two languages, predictive processing is
delayed (Bosch & Foppolo, [2022; Hopp & Lemmerth, |2018). These findings
indicate that cross-language gender congruency can modulate the efficiency
of morphosyntactic prediction. In the present study, Tyrolean L1 speakers
should therefore show faster and stronger anticipatory effects when the Italian
target gender matches Tyrolean gender (congruent condition) compared
to when the genders differ across languages (incongruent condition).
Incongruent gender is expected to create interference through competing
activations from the two language systems. Italian L1 participants, by

contrast, should show no difference between cross-linguistically congruent
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and incongruent conditions, as they do not know Tyrolean and therefore

should not experience cross-linguistic interference.

Cognate effects on gender prediction. Research on cognates
demonstrates that lexical items sharing form and meaning across languages
produce facilitation effects during comprehension, reflecting parallel
activation of both language systems even in monolingual contexts (Costa
et al., [2000; De Groot & Keijzer, 2000, see Section. Critically, however,
the direction of cognate effects can vary depending on whether form overlap
supports or conflicts with target identification. When grammatical gender
aligns across languages (congruent trials), cognate targets should benefit
from convergent cues: both the Italian gender-marked determiner and
cross-linguistic phonological similarity support rapid identification. Cognate
competitors in such trials, by contrast, should produce minimal interference
because the gender cue unambiguously favors the target. For example, in
a trial where the target is il leone (M) — der Léwe (M) |[lion|, a cognate
competitor such as la chitarra (F) — die Gitarre (F) [guitar| should not
strongly compete, as the masculine determiner clearly excludes it (see
Figure . In cross-linguistically incongruent trials, however, cognate
competitors may increase interference when gender cues diverge between
the two languages. For instance, in a trial with target la stella (F) — der
Stern (M) [star|, the Italian feminine determiner supports the target in
Italian, but a cognate competitor such as il vaso (M) — die Vase (F) [vase]
receives additional activation from Tyrolean, where it is feminine. This
cross-linguistic mismatch should increase competition and potentially slow
or reduce anticipatory looks to the Italian target (see Figure . For
Italian L1 speakers, no interaction with Italian—Tyrolean gender congruency
is predicted. Any general cognate effect (e.g., due to overlap with other
known languages such as English) would be expected to manifest as a main
effect of cognate status rather than an interaction with the cross-linguistic

gender congruency manipulation.

154



3.2 Data Analysis and Results

3.2.1 Data Cleaning and Analysis

Gaze data from Experiment 1b were preprocessed following the same
procedure as in Experiment la (see Section , using the eyetrackingR
package (Dink & Ferguson, 2015). Fixation proportions were calculated
for each 50 ms time bin, and trials with excessive trackloss (i.e., > 27%)
were excluded, resulting in the removal of 76 trials (6% of the dataset). As
before, trials in which the participant never fixated on the target object
throughout the entire trial were excluded. Additionally, participants whose
usable trial count fell more than 1.5 standard deviations below the group
mean (i.e., fewer than 10 trials) were excluded, resulting in the removal of two
participants: one from the L1 typical reader group and one from the dyslexia
group. Updated participant characteristics for Experiment 1b are reported
in Table [3.2] which includes the recalculated means for demographics
and language background (LEAP-Q) measures. These values differ only
minimally from those reported in Experiment la (Section Table ,
reflecting the inclusion of one additional Tyrolean participant whose data

met quality criteria here.

The analysis employed Generalized Additive Mixed Models (GAMMs)
to examine fixation patterns across two critical time windows using the
mgcv (Wood, [2017) and itsadug (Van Rij et al., 2015) packages in R.
The anticipatory window (-250 ms to 200 ms relative to target word onset)
captured the period from determiner onset to the acoustic onset of the target
word, allowing to investigate predictive processing. The resolution window
(200 ms to 900 ms relative to target word onset) examined the period in

which lexical resolution and integration occur.

All models predicted the empirical logit-transformed proportion of looks

to the target object (elog). The core structure of the models included:

e A smooth term over time s(time) to model the non-linear trajectory
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Table 3.2: Language background characteristics from LEAP-Q) assessment
(Experiment 1b)

Italian L1 Tyrolean L1
Characteristic Typical Dyslexia
L1 Language Experience:
Daily exposure to L1 (%) 67.4 (17.5) 66.0 (19.6) 66.9 (19.6)
L2 (Italian) Language Experience:
Age of acquisition (years) - - 5.9 (1.8)
Daily exposure (%) - - 20.1 (10)
Italian Academic/Professional Exposure:
None - - 33%
1-5 years - - 17%
More than 5 years - — 50%
Self-Rated L1 Proficiency:
Speaking 5.9 (0.4) 5.7 (0.7) 5.7 (0.7)
Listening 5.9 (0.4) 5.7 (0.6) 5.7 (0.7)
Reading 58 (0.5) 5.6 (0.9) 5.5 (0.9)
Writing 58 (0.6) 5.4 (1.0) 5.3 (1.0)
Average 5.9 (0.4) 5.6 (0.7) 5.6 (0.8)
Self-Rated L2 (Italian) Proficiency:
Speaking - - 4.1 (1.1)
Listening - - 4.65 (0.7)
Reading - - 4.4 (0.9)
Writing - - 3.8 (1.2)
Average - - 4.2 (0.96)

Note. Values show Mean (Standard Deviation) unless otherwise specified.
L1 = first language; L.2 = second language. Italian Academic/Professional
Exposure indicates the duration of time spent in schools and/or workplaces
where Italian was the primary language of communication. Self-rated
proficiency measured on a scale from 1 (lowest) to 6 (highest).

of looks.

e Fixed effects encoding experimental condition and participant
group, implemented as a condition-by-group interaction cg with

condition-specific smooths over time s(time, by = condition).

e Random effects to account for variability across participants and
items. Participant-level random smooths over time were modeled using
factor smooths (fs; s(time, participant, bs = “fs’’)). Item-level
random effects were modeled using random-effect smooths (bs =

“re”’), since items did not repeat across conditions.
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To address autocorrelation in the eye-tracking time series, the rho
parameter was included in the resolution window models using AR.start
argument. In the anticipatory window, rho was not included, given that
the null models were generally preferred in this window, indicating limited
condition effects. On the main models, significant interactions were further
examined with pairwise smooth comparisons using itsadug functions and
cluster-based permutation tests, which identify time windows of reliable
divergence between trajectories. This procedure was applied consistently
across all between- and within-group comparisons. Divergence point analysis

was also used to estimate the onset of condition differences.
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Figure 3.5: Mean fixation proportions on the critical word in congruent, incongruent,
and non-predictive (baseline) conditions in the L1 (top graph), Dyslexia (middle graph),
and L2 (bottom graph) groups. Time 0 ms represents the acoustic onset of the target
word. Error bands indicate standard errors.

To visualize the data, I plotted time-course graphs of the proportion of

looks to the critical word in each condition across all the participant groups

(Figure [3.5)).
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3.2.2 Results. Anticipatory Window

The analysis of the anticipatory time window did not reveal any evidence
of grammatical gender-based prediction across any participant group
or condition. When comparing a full model including condition-group
interactions against its corresponding null model without such interactions,
adding the interaction term did not improve model fit (AfREML = -4.27,
Adf = 24, AIC difference = 10.13). To explore further, I collapsed the two
predictive conditions (congruent and incongruent) into a single ‘predictive’
level El to see whether this might reveal effects (see Figure for time-course
graphs). Model comparison again showed that including condition-group
interactions did not improve model fit (AfREML = -3.60, Adf = 15, AIC
difference =7.30). These findings suggest that participants did not engage
in predictive processing of upcoming nouns based on determiner gender

information during the pre-target window.

To examine whether cognate status modulated predictive processing,
an additional model was fit, including a cognate x condition—group
interaction, and compared to its corresponding baseline model without such
interaction. This model comparison tested whether items including words
with cross-linguistic similarity (cognates) modulated language processing in
bilingual participants. Model comparison favored the simpler baseline model
(AfREML = -7430.03, Adf = 9, AIC difference = 14629.54, p < 0.001),
indicating that adding cognate status substantially worsened model fit.
These results suggest that cross-linguistic similarity between Italian and
Tyrolean words did not modulate anticipatory eye-movement behavior in

any group.

3For clarity, throughout the text I use the term predictive condition specifically for
trials in which the determiner uniquely identified a single referent, such that grammatical
gender could be used as a predictive cue. In the non-predictive condition, the same gender
marking was shared by multiple referents, and thus the determiner did not allow unique
anticipation.
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3.2.3 Results. Resolution Window

In contrast to the anticipatory window, the resolution window analysis
revealed substantial condition and group effects. The full model with
three-condition and group interactions provided a markedly better fit than
the null model (AfREML = —11223.52, Adf = 8, AIC difference = 22294.62,
p < .001). This statistically significant difference in the models indicates
that post-target processing effects vary across conditions and participant
groups. To investigate whether cross-linguistic lexical overlap modulated
target identification after word onset, I compared a model including the
cognate x condition—group interaction to a baseline model without this
term. The addition of the interaction significantly improved model fit in
the resolution window (AfREML = —20.61, Adf = 9, AIC difference =
—41.16, p < .001), suggesting a potential role for cross-linguistic similarity in
post-target processing. To further examine whether the cognate effect was

selectively modulated by condition and group, I followed up with pairwise
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contrasts using estimated marginal means (Lenth & Piaskowski, [2025). The
only statistically significant difference emerged in the dyslexia group in the
baseline (non-predictive) condition, where non-cognate targets elicited more
fixations than cognates (estimate = 0.90, SE = 0.36, p = 0.01) in the
resolution time window. To visualize this effect, I plotted the difference in
looks to the target between cognate and non-cognate items across all groups
for the baseline condition (Figure . However, no significant cognate
effects were observed in any predictive condition or in other groups (all
p > 0.1), including the L2 group where such modulation was hypothesised
(Figure [3.7p-c). Given the small sample size in the dyslexia group and
high variability, the effect is likely spurious, reflecting a Type I error due

to sampling variability.

Moreover, given that the primary theoretical motivation for including
cognate status was to test for facilitation in L2 speakers, I conducted
a follow-up analysis restricted to the Tyrolean group. A model with a
cognate X condition interaction was compared to a model without this term.
Model comparison indicated that adding the interaction did not improve fit
(AfREML = 1.63, Adf = 3, p = .35, AIC difference = 0.07). Furthermore,
pairwise comparisons of target fixation proportions revealed no significant
differences between cognate and non-cognate items in any condition (all
p > .35). These findings suggest that, contrary to predictions, cognate status

did not modulate lexical resolution in the L2 group.

I next examined whether cross-linguistic gender congruency between
Italian and Tyrolean modulated target identification. As outlined in
the predictions, L2 speakers were expected to show faster processing in
the congruent condition (where gender marking aligned across languages)
compared to the incongruent condition (where gender marking conflicted).
To assess these condition differences, statistical significance was evaluated
using 95% confidence intervals around the GAMM smooth difference curves,
computed with the plot_difference() function from the itsadug package
(Van Rij et al., 2015) (see Appendix for the full model summary).

Time periods where confidence intervals did not include zero were considered
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Figure 3.7: Difference in looks to the target between items containing cognate versus
non-cognate words across experimental conditions. Fach panel displays the estimated
time course of the difference in log-odds of target fixations (Cognate - Non-Cognate) for
each participant group, with 95% confidence intervals. Positive values indicate greater
fixations to cognate items, negative values indicate greater fixations to non-cognate items.
(a) Non-predictive baseline condition (b) Predictive congruent condition (c) Predictive
incongruent condition.

statistically significant. However, the analysis revealed no such differential
effects. Critically, for the Tyrolean group, confidence intervals consistently
included zero throughout the analysis window, indicating no significant
differences between congruent and incongruent predictive conditions (see
Figure. This pattern was consistent across all groups, with no significant
differences observed between congruent and incongruent conditions in either
the Italian L1 or dyslexia groups. This finding supported the decision to
combine these conditions into a single ‘predictive’ category for subsequent
analyses, as cross-linguistic gender congruency did not differentially affect

L2 processing in this paradigm.
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Figure 3.8: Estimated difference in looks to the target over time between congruent and
incongruent conditions in the L2 group (Tyrolean L1 speakers). The x-axis represents
time relative to target word onset (in ms), and the y-axis shows the difference in
empirical logit-transformed fixation proportions (congruent — incongruent). The solid
line represents the estimated mean difference, with positive values indicating more target
fixations in the congruent condition. The shaded band represents the 95% confidence
interval across the resolution time window.

3.2.3.1 Combined Predictive vs. Non-Predictive Analysis:
Within-Group Effects and Divergence Timing

Given the absence of congruency effects in the L2 group, I proceeded with
a simplified model contrasting combining predictive conditions against a
non-predictive control condition. This model incorporated autocorrelation
correction (rho parameter), which significantly improved the model fit
(AfREML = -5695.88, Adf = 0, AIC difference = —11400.42, p < .001),
highlighting the importance of accounting for temporal dependencies in

eye-movement data. See Appendix for the model summary.

First of all, as expected, all groups successfully integrated the linguistic
input, evidenced by increased looks to the target object in all conditions
well above chance (Figure . This confirms general task engagement and
comprehension across groups. The combined analysis, however, revealed an
interesting pattern of group differences in the predictive versus non-predictive
conditions. Both L1 Italian typical readers and L2 Italian/L1 Tyrolean
speakers demonstrated significantly greater target-directed looks in the
predictive condition compared to the non-predictive one. GAMM-derived
difference curve analyses revealed significant effects from 306 ms to 709 ms
post-target onset (effect size = 0.603) for the Italian L1 group and from 426
ms to 723 ms (effect size = 0.552) for the L2 group (see Figures and
respectively). These time-locked differences suggest that both groups

were able to exploit predictive cues during real-time language processing,

162



L1 L2 L1 Dyslexia
= 24
j=2
o T 4 - -
L o ‘ S _.--~"| Condition
2 p T o . - - Non-predictive
S = -
T e | e e __ O ey .. Predictive
X4
w
N N O N o SN o N N
C S S S S S S S SO S S
Time relative to target onset (ms)
B

Predictive Non-predictive

Fixations (elog)

(LQQ > @0 %QQ
Time relative to target onset (ms)

Figure 3.9: GAMM model estimates of looks to the target over time. (A) Comparison
by condition for each group. (B) Comparison by group for each condition. The x-axis
represents time relative to the target word onset (in ms), and the y-axis shows the
proportion of looks directed to the target word transformed into empirical logit.

observed after the acoustic onset of the target. Interestingly, L1 participants
with dyslexia did not exhibit significant differences between conditions over
time (Figure [3.10b)), indicating the absence of grammatical gender-based

facilitation effects during target resolution in this group.

To assess whether the onset of preferential looks to the target in the
predictive condition (relative to the non-predictive condition) occurred earlier
in the Italian L1 group compared to the Tyrolean group, I conducted a
divergence point analysis using 2000 bootstrap iterations. Divergence points
were estimated separately for each group, and the group-level comparison
was tested via bootstrapped permutation (see Section for a detailed
description of the method). This analysis did not detect a significant
difference in divergence points between the two groups (p = 0.7; Figure[3.11)).
The estimated mean divergence point for the L1 typical readers was
approximately 360 ms (95% CI = [300, 500] ms), while for the L2 group,
it was 380 ms (95% CI = [300, 550] ms), resulting in a non-significant mean
difference of approximately 29 ms (95% CI = [-200, 200] ms). These results
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Figure 3.10: Panels show differences in empirical logit-transformed fixation proportions
over time between the predictive and non-predictive conditions for (A) L1 Italian typical
readers, (B) participants with dyslexia, and (C) L2 Italian L1 Tyrolean speakers. The
x-axis represents time relative to target word onset (0 ms). Red-shaded areas indicate
time intervals where the difference between conditions is statistically significant. Grey
bands represent standard errors around the estimated difference smooths.

suggest that the timing of preferential looks to targets in the predictive

condition compared to the non-predictive one did not differ significantly

between L1 and L2 participants.
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3.2.3.2 Combined Predictive vs. Non-Predictive Analysis:

Between-Group Comparisons

When comparing target fixations across groups within each condition, several
significant differences emerged. In the predictive condition, the L1 Italian
group demonstrated significantly higher target fixation proportions than
the L2 group from approximately 363 ms to 815 ms (effect size = 0.417)
(Figure , but not compared to the dyslexia group (Figure . The
non-predictive condition also showed significantly more looks to the target in
the L1 typical readers group compared to the L2 group from 447 ms until the
end of the time window (effect size = 0.441) (Figure [3.12D]), and no difference
between L1 typical readers and readers with dyslexia (Figure . No
difference was observed betweent the L2 and dyslexia groups in neither
condition, as indicated by confidence intervals that consistently included zero
throughout the analysis window (Figure [3.12-f).
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At first glance, this might seem to contradict the earlier within-group
time-course findings, where both L1 and L2 groups showed enhanced fixations
to the target in the predictive condition compared to the non-predictive one,
indicative of successful use of predictive cues. The current between-group
contrasts, however, reflect absolute differences in target fixations. In other
words, while both L1 and L2 speakers seem to exploit grammatical cues

during the target recognition phase, the L2 group consistently shows overall
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lower proportions of target fixations across all the conditions. This pattern is
consistent with previous findings in Experiment 1a, which showed that during
word recognition, L2 speakers, though they integrated well the upcoming
linguistic input, demonstrated overall lower proportions of looks to the
critical word in the target condition (see Section .

3.3 Discussion

Absence of anticipatory effects. The complete absence of anticipatory
effects across all participant groups challenges the notion that grammatical
gender cues trigger automatic and rapid prediction during spoken language
comprehension. This finding stands in contrast to some previous studies
reporting early anticipatory effects based on gender-marked determiners in
L1 speakers, as demonstrated by ERP effects on articles and adjectives (e.g.,
Ito et al., [2020; Otten & Van Berkum, 2009} Otten et al., 2007; Wicha et al.,
2004) and anticipatory eye movements during spoken comprehension (Bosch
& Foppolo, 2022; Huettig & Brouwer, 2015), although some studies report
null results (Kochari & Flecken, 2019)). Evidence in L2 speakers is more
mixed: some studies report no anticipatory use of gender cues (Lew-Williams
& Fernald, [2010), whereas others find predictive effects that are conditional
on factors such as proficiency, lexical gender knowledge, or cross-linguistic
similarity (Bosch & Foppolo, 2022; Dussias et al., [2013; Hopp, [2013} 2018).
Importantly, research on individuals with dyslexia remains extremely limited,
with only one study to date (Huettig & Brouwer, 2015)) demonstrating that
predictive use of gender cues is possible but substantially delayed. In the
present study, no group exhibited significantly increased fixations to a target

referent prior to its acoustic onset in the predictive condition.

Post-onset facilitation during word recognition. Although prediction
was not observed, robust facilitation emerged in the resolution window
(approximately 300-700 ms post-onset) for both L1 Italian and L1

Tyrolean/L2 Ttalian groups. In this time window, participants showed
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significantly greater looks to the target in the predictive compared to the
non-predictive contexts, indicating that grammatical gender information

supported more efficient word recognition.

On one view, these effects might reflect ease of integration: predictable
words are easier to combine with prior context, without requiring
pre-activation (Kutas & Federmeier, 2011; Luke & Christianson, 2016;
Pickering & Gambi, [2018; Van Petten & Luka, 2012)). However, as the
sentences in the present experiment carried no semantic context to integrate
beyond the grammatical gender of the determiner, a pure integration
account is insufficient. An alternative account is that these effects reflect
prediction-facilitated lexical access, where gender-marked determiners
pre-activated features of the upcoming noun, but given the short time
window, such anticipatory processes may have occurred too rapidly to be

detected before target onset, leading to faster recognition once the noun was
heard.

The current findings extend these effects to highly proficient L2 speakers,
who also took advantage of morphosyntactic cues in real time, contrary
to earlier reports of null effects in L2 learners (Lew-Williams & Fernald,
2010). This difference may lie in participant profiles. While in Lew-Williams
and Fernald (2010)) study L2 participants had on average five years of L2
instruction, L2 speakers in my study had been exposed to Italian for a mean
of 19 years (range: 13-30). This interpretation was further supported by
the divergence point analysis, which found no significant difference in the
timing of divergence between the L1 and L2 groups (p = .70). Nevertheless,
similar to Experiment la findings, the L2 group exhibited a shallower
target preference, distributing more fixations across unrelated items and
background despite orienting to the target at a similar time as L1 speakers.
This pattern has been reported in other eye-tracking studies, where L2
learners’ gaze behavior is characterized by reduced certainty and more diffuse
fixations relative to natives (e.g., Corps et al., 2023} Mitsugi, 2020)). These
findings suggest that lower fixation proportions do not indicate failure to

identify the target, but rather reflect the additional cognitive demands of L2
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processing, which can lead to less sustained attention on the target once it

has been selected.

Crucially, the facilitation effects observed in the neurotypical L1 and L2
groups were entirely absent in participants with dyslexia, who showed no
difference between predictive and non-predictive conditions in the resolution
window. Thus, while the temporal window might have been too short to
reveal clear anticipatory looks, the observed post-target facilitation suggests
that gender-marked articles prepared the processing system for more efficient
lexical access in both L1 and L2 processing, but not in dyslexia, where

morphosyntactic integration appears to be impaired.

Dyslexia and the absence of facilitation. The complete absence of
facilitation effects in participants with dyslexia indicates they struggle
to exploit grammatical gender cues during spoken language processing.
The finding aligns with extensive evidence that individuals with dyslexia
experience difficulties with morphological and morphosyntactic processing
that extend well beyond written language. As reviewed in Section
adults with dyslexia show persistent impairments in morphological awareness
tasks involving both inflectional and derivational processes with novel
words (Melloni & Vender, 2022; Vender & Delfitto, 2024), as well as
difficulties comprehending complex syntactic structures such as passive
constructions, relative clauses, and clitic pronouns (e.g., Cardinaletti &
Volpato, 2015 Marotta, 2022; Stella & Engelhardt, 2019; Wiseheart et al.,
2009). These difficulties are particularly pronounced for structures involving
long-distance dependencies or requiring the maintenance of grammatical
features across intervening material (Arosio et al., 2016, Guasti et al.,
2015). The present results extend this pattern to the online processing of
grammatical gender agreement during spoken comprehension, demonstrating
that morphosyntactic difficulties in dyslexia are not confined to offline
metalinguistic tasks or written language, but also manifest during implicit,

real-time integration of gender cues in the spoken modality.

Unlike Huettig and Brouwer (2015), who found delayed but detectable
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anticipatory effects in Dutch-speaking adults with dyslexia, our participants
showed no such effect, even post-onset. Several factors may contribute to
this difference. One possible explanation lies in the short determiner—noun
interval of our paradigm, which may have imposed timing constraints that
prevented dyslexic participants from generating or integrating predictive
cues. In fact, Huettig and Brouwer (2015) proposed that predictive
differences between groups are magnified under more demanding conditions.
However, this timing account alone is insufficient, given that the neurotypical
groups successfully integrated gender information in the same time window.
A more likely explanation is that the integration of grammatical gender
cues during real-time comprehension places particularly high demands on
the morphosyntactic processing system, which is known to be impaired
in dyslexia.  Moreover, dyslexia has been linked to reduced verbal
working-memory capacity, which can limit the availability of resources for
prediction (Huettig & Janse, [2016; Otten & Van Berkum, 2009). It should be
acknowledged, however, that working memory accounts are most compelling
over longer processing windows, and the short determiner—noun interval of
the present paradigm makes it less likely that working memory load per se
was the primary bottleneck. Rather than pre-activating candidates, dyslexic
individuals may also adopt a “wait-and-see” strategy, focusing on integration
at noun onset. This aligns with the shallow processing pattern hypothesised
by Engelhardt et al. (2021), where comprehenders showed no evidence of
predictions in less constraining contexts. It should be noted that in spoken
Italian, morphosyntactic information is conveyed through phonological
form — the gender contrast between ¢l and la is realized as a phonological
distinction. It is therefore difficult to fully disentangle whether the reduced
use of gender-marked determiners in the dyslexia group reflects a deficit at
the level of morphosyntactic representations per se, or whether limitations
in encoding and maintaining the phonological signal that realizes agreement
may additionally constrain access to that morphosyntactic information
during real-time processing. Rather than treating these as fully separable
sources of difficulty, it may be more accurate to consider them as interacting:

phonological processing limitations may constrain the speed or reliability
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with which morphosyntactic cues become available for integration during

online comprehension.

Taken together, the present findings provide evidence that
morphosyntactic processing difficulties in dyslexia extend to the
rapid integration of grammatical gender cues during spoken language
comprehension. ~ Whether this deficit stems primarily from impaired
morphosyntactic representations, limitations in phonological encoding of
agreement cues, slower lexical access, or strategic adaptations such as
“wait-and-see” processing (with working memory playing a more indirect
role) remains an open question requiring further investigation. What is clear,
however, is that individuals with dyslexia do not exploit gender-marked
articles to facilitate lexical access in the same manner as neurotypical

speakers.

Cognate status and cross-linguistic influence. The study also
investigated whether cross-linguistic gender congruency between Italian and
Tyrolean modulated predictive processing in bilinguals. The presence of
gender-consistent or gender-conflicting determiners across the two languages
was hypothesized to influence target identification. However, the absence
of cross-linguistic gender congruency effects in the L2 group suggests that
participants did not show differential processing based on cross-linguistic
gender alignment in real-time comprehension. That is, target fixations
were not modulated by whether the gender-marked articles in Italian
and Tyrolean were congruent or incongruent. However, given that no
anticipatory use of gender cues was detected even in Italian L1 speakers, the

present null effect should be interpreted cautiously.

Several possible explanations may account for this null result. First,
L2 speakers may not automatically activate L1 lexical representations,
including grammatical gender features, during L2 processing. As reviewed
in Section [[.4.1] many models of the bilingual lexicon assume broadly
non-selective access across languages (e.g., Dijkstra & Van Heuven, 2002;
Duyck, 2005; Marian et al., 2003; Schwartz et al., 2007), yet cross-linguistic
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information can be strategically inhibited when it is unhelpful for spoken
comprehension (e.g., De Groot & Christoffels, [2006; B. J. Levy et al., [2007;
Linck et al., 2009; Mercier et al., 2016; Misra et al., [2012). In our case,
this may have reflected task-induced suppression of Tyrolean features in an
Italian-only setting as the entire procedure, except for the word/non-word
reading task, was conducted in Italian. Moreover, because our design
included both congruent items (where cross-linguistic transfer could, in
theory, facilitate processing) and incongruent items (where it would hinder
processing), participants may have learned to avoid relying on L1 gender
cues altogether. Future work could test whether effects would emerge in
a paradigm with only congruent items, where reliance on L1 information
could not lead to interference. Such a finding would support the view that
bilingual lexical activation is not entirely automatic but is instead adaptable
to task context and cue reliability. Second, cross-linguistic activation may
emerge only at particular levels of proficiency or dominance. For instance,
Ito et al. (2018) reported that highly proficient Japanese learners of English
(mean exposure 2213 years) predicted upcoming targets when comprehending
in English but did not activate their phonological competitors in their L1,
Japanese. Our L2 group, with a mean of 19 years of exposure to Italian,
showed a parallel pattern: strong prediction of upcoming high CP Italian
targets (Experiment la) but no evidence of cross-linguistic grammatical
gender activation (Experiment 1b). At the same time, other studies point to
proficiency effects in the opposite direction, linking higher L2 proficiency to
greater L1 co-activation in some semantic tasks whereas lower proficiency — to
L1 inhibition (e.g., Branzi et al.,[2021). In the present dataset, the complete
absence of cross-linguistic gender-congruency effects precluded an empirical
test of proficiency interactions. Finally, given the asymmetry between
the Italian (masculine/feminine) and Tyrolean (masculine/feminine/neuter)
gender systems, participants may have implicitly learned that cross-linguistic
gender predictions are unreliable and therefore avoided such strategies in
real time. More generally, as mentioned above, comprehenders might
be less likely to deploy predictive cues whose reliability is low across

contexts. Together, these findings suggest that cross-linguistic grammatical
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gender alignment does not always take place in online comprehension, even
when morphosyntactic features such as grammatical gender are available
in both languages. The absence of cross-linguistic congruency effects in
this study warrants further investigation using different language pairs,
varying language proficiency levels and degrees of L1-L1.2 overlap, as well

as experimental paradigms that more directly cue L1 activation.

In addition to grammatical gender congruency, the study examined
whether lexical overlap across languages, in the form of cognates,
modulated spoken language processing in bilingual participants. Contrary
to expectations, no reliable cognate effects were observed in the L2 group
across any condition, i.e., the presence of cognate words did not modulate
fixation behaviour in any way. These results suggest that, under the present
experimental conditions, cognate status did not influence predictive or

integrative mechanisms in L2 speakers.

Theoretical and practical implications. The findings presented here
offer several important insights. First, they caution against assuming that
morphosyntactic anticipatory processing is automatic across populations.
While most prior studies in L1 comprehension report anticipatory use of
grammatical gender cues (e.g., Hopp, 2013; Lew-Williams & Fernald, 2010;
Otten & Van Berkum, 2009; Otten et al., 2007; Wicha et al., 2004), the
present data did not reveal such effects. This discrepancy may partly reflect
methodological factors, in particular the short determiner—noun interval of
the paradigm, which could have limited the time available for anticipatory
processing. It is worth noting that prior studies reporting anticipatory
effects typically employed paradigms that extended the determiner—noun
interval through intervening adjectives or words when the language permits,
or through prosodic manipulations such as guessing-game intonation contours
(Bosch & Foppolo, 2022, Huettig & Brouwer, 2015), thereby providing
participants with substantially more time to generate predictions. The
present paradigm used Italian sentences, which offer far fewer options

for lengthening the interval without simultaneously introducing additional
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gender cues (e.g., grammatical gender marking on intervening adjectives).
The absence of anticipatory effects may therefore partly reflect the limits
of prediction under these more constrained conditions, rather than solely
a limitation of the current design. Importantly, however, facilitation
effects were observed in the resolution window for the neurotypical groups,
indicating that gender cues were successfully integrated once the target word
became available. The complete absence of such facilitation in the dyslexia
group, however, cannot be attributed to timing constraints alone, as the
neurotypical groups successfully integrated gender information in the same

time window.

Second, the results confirm that, in the present task, highly proficient L2
speakers can integrate morphosyntactic information, though with somewhat
reduced efficiency relative to native speakers. This pattern suggests that L2
processing in this domain may not be fundamentally different, but rather

subject to quantitative limitations (Kaan, |2014).

Third, the absence of facilitation effects in participants with dyslexia is
in line with prior evidence of morphosyntactic processing difficulties in this
population. As discussed in Section [1.4.2] research has documented deficits
in morphological awareness tasks involving inflectional and derivational
processes with novel words in both children and adults with dyslexia (Melloni
& Vender, 2022; Vender & Delfitto, 2024), as well as difficulties with
complex syntactic structures such as relative clauses, passive constructions,
and clitic pronouns (Cardinaletti & Volpato, 2015; Marotta, 2022; Stella &
Engelhardt, [2019). The present findings demonstrate that these difficulties
also manifest during implicit, real-time integration of grammatical gender
cues in spoken comprehension. From a practical perspective, these findings
support the development of targeted pedagogical interventions that train not
only phonological and orthographic skills but also the use of morphosyntactic

cues during comprehension.

Finally, the absence of cross-linguistic congruency and cognate effects
in the current study suggests that bilinguals may engage primarily in

language-selective morphosyntactic processing under the present task
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conditions.  One possibility is that the relatively high proficiency of
participants, combined with an Italian-only task context, reduced the
likelihood of cross-language activation. This finding indicates that
cross-linguistic interaction is not automatic but modulated by factors,
such as task demands, proficiency levels, or the structural similarity
between languages. Future studies could test this hypothesis by
examining participants with varying degrees of language dominance
and proficiency. Additionally, extending this paradigm to language pairs
with greater morphosyntactic overlap or typological similarity may clarify
whether structural similarity facilitates cross-linguistic activation. Finally,
incorporating neurophysiological measures (e.g., EEG, MEG) could provide
more sensitive measures of subtle cross-linguistic effects not captured by

eye-tracking alone.
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Chapter 4

Experiment 2: Predictive
Processing in English:
Contextual, Semantic, and

Phonological Effects

The findings from Experiment la conducted in Italian (see Chapter [2)
provided compelling evidence for contextual prediction, with all participant
groups demonstrating anticipatory fixations to highly predictable target
words, while revealing some differences in the temporal dynamics of
predictive processing between L1 and L2 participants. Notably, no evidence
emerged for phonological form pre-activation, suggesting that phonological
prediction may be limited or require very specific conditions (Ito & Husband,
2017). However, several important questions remained unresolved, and the
opportunity arose to address these limitations through a second experiment
conducted in English at the University of East Anglia, UK.

One of the primary motivations for the current experiment was to increase
the dyslexia sample size, addressing the small number of participants in the
dyslexia group in Experiment 1, which contributed to increased statistical

variability. Another aim was to enhance the generalizability of the findings
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by validating them in a different linguistic context. To this end, Experiment 2
adopted the visual world paradigm and stimulus materials developed by Ito
and Husband (2017)), used with the authors’ permission. While the present
study was not designed as a direct replication of Experiment 1a, it addressed
the same core research questions while incorporating several methodological
refinements. These additions included: (1) the investigation of semantic
competitor activation, which was not addressed in Experiment 1 and allowed
for the analysis of pre-activation patterns of semantically related words,
thereby providing a window into whether contextual prediction extends
beyond the specific target to activate related concepts; (2) the inclusion of a
separate condition to control for lexical activation in unpredictable contexts,
ensuring that any observed competitor effects reflected genuine prediction
rather than general differences in visual attention or lexical processing; (3)
a comprehensive individual differences test battery to better characterize

participant populations through standardized measures.

The original study by Ito and Husband (2017 represents an investigation
into the strength and temporal characteristics of contextual, semantic,
and phonological prediction, using a visual world paradigm with highly
predictable sentence contexts. Their key finding that participants showed
robust semantic competitor activation but no evidence of phonological
prediction during spoken language comprehension challenged earlier ERP
findings suggesting phonological form pre-activation (DeLong et al., [2005;
Martin et al., [2013)) and contributed to the debates about the conditions
under which phonological prediction occurs. These findings, however, remain
controversial (see Section for a review of phonological prediction
studies). Importantly, the original Ito and Husband (2017) study tested
only native English neurotypical speakers, leaving open questions about
how these prediction patterns might manifest across different populations.
By replicating their paradigm while systematically examining individual
differences across L1, L2, and dyslexic participant groups, Experiment
2 aimed to extend these findings beyond the original neurotypical L1

population and investigate whether population differences in contextual
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and phonological prediction align with patterns observed in Experiment 1.
Additionally, the inclusion of a comprehensive individual differences battery
would provide insights into the mechanisms underlying any observed group

differences in prediction patterns.

To ensure both methodological rigor and participant comfort, two
changes were implemented to the original Ito and Husband’s study. First,
the preview time was shortened from 3000 ms before sentence onset to
2000 ms. This adjustment helped reduce the overall eye-tracking task
duration to approximately 30 minutes, minimizing participant fatigue and
attention decrements that could compromise data quality. Importantly, a
1000-2000 ms preview window is generally regarded as sufficient for visual
encoding while preserving the validity of prediction measurements (Li et al.,
2022)). Generally, very short previews (< 500 ms) risk insufficient encoding
of the visual scene, obliterating any possible phonological effects (Huettig
& McQueen, 2007)), while longer previews mainly increase experiment time

but don’t necessarily yield stronger prediction effects.

Second, the speech rate was increased from the original 2.5 syllables/second
used in Ito and Husband to 3.5 syllables/second. Speech rate has been
shown to systematically modulate anticipatory eye movements in the visual
world paradigm, with prediction effects following a non-linear relationship
with rate (Fernandez, Hadley, et al., |2025; Fernandez et al., [2020; Huettig
& Guerra, 2019). In particular, intermediate rates (approximately 3.5-4.5
syllables /second) have been associated with more robust anticipatory effects,
compared to slower or faster speech. Thus, the selected rate of 3.5
syllables/second provided tighter time-locking between attentional shifts and
linguistic processing compared to slower rates, while avoiding speech rates
that may place excessive perceptual demands, particularly on non-native
listeners.  Although English is traditionally classified as a stress-timed
language (e.g., Setter & Sebina, 2017)), speech rate in visual world studies
is most commonly quantified in syllables per second, which allows for
comparability across studies and across participant populations. Moreover,

to ensure that the speech rate reflected the acoustic input actually perceived
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by listeners, rate estimation was based on broad phonetic transcriptions of the

recorded utterances rather than orthographic or dictionary forms, similarly
to Experiment la (see Section [2.1.2.2)).

Experiment 2 addressed four primary research questions:

1.

Are phonological features of an upcoming highly predictable
word retrieved before its acoustic onset during spoken sentence

comprehension in English?

. Does contextual prediction extend to semantically related words during

spoken language comprehension?

Do adults with developmental dyslexia differ from typical readers
in their anticipatory spoken language processing in English across
different linguistic levels? If so, are prediction differences in speakers
with dyslexia attributable to general processing speed, attention
symptoms, reading history difficulties, or vocabulary knowledge and
print exposure?

How does second language status affect the time course of predictive
processing during English comprehension across different linguistic

levels?

4.1 Method

4.1.1 Participants

Ninety-five participants were recruited from the University of East Anglia

campus and completed the study. Recruitment was conducted through

multiple channels, including university mailing lists, campus advertisements,

and the psychology department participant pool. The study included three

participant groups: (1) L1 English speakers with typical reading development

(the control group, n = 39), (2) L1 English speakers who had an official

dyslexia diagnosis by a qualified professional and were registered with the

University of East Anglia’s disability services for learning disabilities (n =
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29), and (3) L2 English speakers whose native language was one of the
Romance languages and who had acquired English as a second language
outside the family environment (n = 25). The L2 group comprised speakers
of Italian (n = 5), Spanish (n = 8), French (n = 1), Portuguese (n =
3), and Romanian (n = 8). In the overall design of the dissertation,
Experiment 1 compares L1 Italian speakers (a Romance language) with L1
Tyrolean speakers (a Germanic language), whereas Experiment 2 reverses
this typological configuration by testing L1 English speakers (Germanic)
together with L2 English speakers whose L1 is Romance. For the L2 group,
detailed information about language background, age of acquisition, patterns
of daily language use, and academic and professional exposure to English
was collected using the Language Experience and Proficiency Questionnaire
(LEAP-Q; see Sections [4.1.2.1{ and |4.2.1]). All L2 participants were resident

in the UK at the time of testing and were enrolled as university students.

Table 4.1: Demographic characteristics of study 2 participants by group

English L1 L2
Characteristic Typical Dyslexia
Sample size (n) 39 29 25
Gender (%male) 25.6 17.2 29.2
Age (years) 19.87 (1.78) 23.79 (7.06) 22.96 (4.73)

Note. Values show Mean (Standard Deviation).

Following data cleaning procedures (detailed in Section , two
participants were excluded from the final analyses. One participant from
the dyslexia group was excluded due to insufficient valid eye-tracking data
following preprocessing. One participant from the L1 typical reader group
was excluded due to extreme outlier performance on multiple measures from
the individual differences battery. Thus, the final dataset consisted of a
total of 93 participants. Table [4.1] presents demographic characteristics for

each group, including age and gender distribution.

Inclusion and exclusion criteria. All participants met the inclusion

criteria of normal or corrected-to-normal vision and hearing. For the dyslexia
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group, participants were additionally required to provide official diagnostic
documentation. For the L2 group, participants were required to have a
Romance language as their L1, spoken in the family from birth, and to have
learned English after the age of 3 years and outside the family environment

to ensure they were not simultaneous bilinguals.

4.1.2 Materials

4.1.2.1 Preliminary Measures

A comprehensive battery of standardized assessments was administered to all
participants prior to the eye-tracking experiment. This battery was designed
to characterize participant groups across multiple cognitive domains, to
ensure correct group classification, and to investigate potential relationships
between individual differences and predictive processing abilities.  All
standardized assessments were administered and scored in accordance with
the procedures specified in their respective test manuals, unless otherwise

noted.

Rapid Automatized Naming (RAN). All participants completed
letter and number RAN tasks using the Comprehensive Test of Phonological
Processing (CTOPP-2; Wagner et al., 2013). Both tasks required
participants to name four rows of nine stimuli (letters or numbers)
sequentially aloud as quickly and accurately as possible. Participants
completed one practice row before each task. The score was the total time
required to complete each array in seconds divided by the number of items
minus the number of errors (misnaming, omissions), with higher scores
indicating slower processing speed. Letters and numbers were presented in
20-point Arial font on off-white A4 paper. The reliability of the CTOPP-2
subtests, including RAN tests, has been reported by average internal
consistency that exceeds .80. RAN tasks are widely recognized as sensitive
measures of processing speed deficits in dyslexia and were expected to

differentiate the dyslexia group from controls (Aratjo et al., |2011; Denckla
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& Rudel, [1976; Georgiou et al., [2018; Norton & Wolf, 2012; Wolf & Bowers,
1999).

Adult Reading History Questionnaire (ARHQ). Participants
completed a self-report screening tool designed to assess dyslexia risk in
adults (Lefly & Pennington, 2000). The ARHQ evaluates reading history,
current reading habits, and reading-related difficulties across the lifespan
(for example, “how much difficulty did you have learning to spell in
elementary school” or “how much reading do you do for pleasure”). While
not constituting a formal diagnosis, the ARHQ provides a standardized
measure of reading history and reading habits. Participants responded to
each question using a Likert scale from 0 to 4, and the total score was
determined by summing all the points. Higher scores indicate greater
reading difficulties and dyslexia risk. The questionnaire was used as one of
the measures to confirm group classification and to identify any potential

undiagnosed reading difficulties in the control group.

Peabody Picture Vocabulary Test-4 (PPVT-4). Receptive
vocabulary was assessed using the PPVT-4 (Dunn & Dunn, 2007)), a
widely used standardized measure of vocabulary knowledge. In this task,
the experimenter named target words orally, and participants selected from
four pictures the one that best illustrated the word’s meaning. The test
uses an adaptive procedure, beginning with easier items and continuing
until a ceiling is reached. Form A was administered to all participants. The
reliability range for Form A is good to excellent, reported to be ranging
from .89 to .97 across age groups (Dunn & Dunn, [2007). Beyond serving
as a measure of receptive vocabulary, performance on the PPVT is also
influenced by cumulative language and print exposure. Reading provides
access to low-frequency and abstract vocabulary that is less common in
spoken discourse, making receptive vocabulary size a useful proxy for reading

experience (Cunningham & Stanovich, |1991; Stanovich, [1986)).
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Author Recognition Test (ART). Print exposure was measured using
an updated version of the Author Recognition Test (Acheson et al., 2008)
originally developed by Stanovich and West (1989). Participants are
presented with a list of names on a single answer sheet and are asked to
identify which of the listed names belong to real authors. The list contains
130 names in total: 65 genuine authors’ names (e.g., Ernest Hemingway) and
65 foils (non-authors, e.g., Geoffrey Pritchett). Participants were instructed
to tick only those names they were confident about and to avoid guessing,
as selecting a foil resulted in a penalty. The ART is a standardized, indirect
measure of print exposure, as individuals who read more are more likely to
recognize authors’ names. Scores reflect the number of correctly identified
authors minus the number of incorrectly selected foils, providing a measure

that controls for guessing.

Stroop color-word task. Executive control and inhibitory abilities were
assessed using a computerized version of the Stroop task (MacLeod, [1991;
Stroop, (1935)). Participants viewed color words (“red,” “blue,” “green”)
presented in either congruent ink colors (e.g., “red” in red ink) or incongruent
ink colors (e.g., “red” in blue ink) and were instructed to respond to the ink
color while ignoring the word meaning by pressing designated keys (‘b’ for
blue, ‘v’ for red, and ‘g’ for green). Each participant saw 36 trials, of which
12 were congruent and 24 incongruent. The dependent measure was the
difference in reaction time between incongruent and congruent trials (Stroop
interference effect), with larger differences indicating poorer inhibitory
control. This measure was included given some theoretical proposals that
prediction in language comprehension may involve inhibitory mechanisms
to suppress competing lexical alternatives, especially when predictions are
violated (Kim et al., 2023; Kukona et al., |2016]), and evidence suggesting
that individuals with dyslexia show difficulties in executive and inhibitory
control (Barbosa et al., 2019; Reiter et al., 2005).
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Language Experience and Proficiency Questionnaire (LEAP-Q).
All participants from the L2 group completed the LEAP-Q (Marian et al.,
2007)), a comprehensive assessment of language background and self-rated
proficiency. Similar to Experiment 1, the questionnaire collected information
about language acquisition history, current language use patterns, and
self-assessed proficiency across four modalities (speaking, listening, reading,
writing) for all known languages. This information was important for

characterizing L2 participants’ English proficiency and language background.

Attention Deficit Hyperactivity Disorder (ADHD) symptom
assessment. Given the documented comorbidity between dyslexia and
ADHD (with a ~30% co-occurrence probability) (Pennington, 2006,
participants completed a brief self-report screening of ADHD symptoms
using the Adult ADHD Self-Report Scale (ASRS-v1.1; Kessler et al., |2005).
This instrument assesses current inattention and hyperactivity symptoms
(e.g., “How often do you feel restless or fidgety?”). The measure was included
to control for potential confounding effects of attentional difficulties on

predictive processing performance.

Following data collection, the relationships between individual difference
measures and predictive processing outcomes (divergence points in the

eye-tracking data) were examined through correlation analyses.

4.1.2.2 Task Overview and Experimental Conditions

The experimental materials were taken from the original study by Ito and
Husband (2017)) with permission of the authors, employing a visual world
paradigm that systematically manipulated both sentence predictability and
object relationships to the target word. The experimental task involved
participants viewing arrays of four pictures while listening to English
sentences containing highly predictable words. Their task was to click on a
picture of the object mentioned in the sentence or on the background if none
of the pictures were mentioned as fast as possible. The study implemented

a 2x4 factorial design with the following factors:
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Factor 1: Sentence Predictability (within-subjects)

e Predictable sentences: Highly constraining contexts with 95% mean
cloze probability (e.g., “Instead of sending an email, Ellie decided to
write a letter to her sister,” see Figure for the example of the visual
display.)

e Unpredictable sentences: Low-constraint contexts using the same

target words (e.g., “If there is one, click on the picture of the letter.”)
Factor 2: Object Type (within-subjects)

e Target: the object explicitly mentioned in the sentence and highly

predictable in constraining contexts (e.g., letter)

e Semantic competitor: an object semantically related to the
predicted target, used to test whether prediction spreads beyond the

specific lexical item (e.g., postbox)

e Phonological competitor: an object sharing onset overlap with the

target, used to assess phonological pre-activation (e.g., lettuce)

e Unrelated: an object unrelated both semantically and phonologically,

serving as a baseline control (e.g., crab)

Additionally, Participant Group served as a between-subjects factor with
three levels: L1 English speakers, L1 English speakers with dyslexia, and L2
English speakers.

PHONOLOGICAL SEMANTIC
TARGET COMPETITOR COMPETITOR UNRELATED
= 1 = @ =
= _ > <
a - i \f\:(} - -
letter lettuce postbox crab

Figure 4.1: Example visual displays for the predictable sentence “Instead of sending an
email, Ellie decided to write a letter to her sister,” and for the unpredictable sentence “If
there is one, click on the picture of the letter.”
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The full corpus initially comprised 56 predictable experimental sentences
and 56 unpredictable experimental sentences. During pre-analysis checks,
two pairs were identified as unsuitable and were removed, resulting in
a final set of 54 experimental pairs (112 experimental sentences overall),
plus two practice trials (see Appendix [C| for the full list). One item was
excluded due to an unintended form-based relationship between the verb
unlock in the sentence “Alice tried to unlock the door but realized she
had forgotten her keys and couldn’t get in” and the image used as the
semantic competitor (a padlock). This unintended phonological overlap
likely biased anticipatory eye movements, leading participants to fixate the
competitor more than the actual target (keys). A second item was discarded
because one of the distractor images (ginger) elicited abnormally high fixation
proportions, most likely due to its visual salience. All remaining predictable
sentences contained highly predictable target words, with cloze probability
normed at 95% (range: 80-100%) based on the original Ito and Husband
(2017) validation. Sentences in the predictable block were variable among
themselves in terms of syntactic structure, tense, length, and the place of the
target. A key design difference from Experiment 1la concerned the placement
of critical targets. In Experiment la, sentence structures were uniform and
targets always occurred in sentence-final position. This consistent placement
created predictable temporal windows for anticipatory processing, which
was advantageous for maximizing experimental control and comparability
across items. In the current Experiment 2, by contrast, sentence structures
followed the original design of Ito and Husband (2017), in which the target
words appeared in different positions within the sentence. This allowed for
examining predictions in scenarios where the target’s location is not fixed.
The sentences consisted of a mean of 20.6 syllables (SD = 4.4, range = 12 - 39
syllables), and their mean duration was 5.91 s (SD = 1.2). The unpredictable
sentences maintained the same target words but embedded them in contexts
that provided no semantic constraint: “If there is one, click on the picture of
the [target].”

Each trial presented four pictures arranged in a 2x2 grid on the computer
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screen.  The critical object (target, semantic competitor, phonological
competitor, or unrelated, depending on condition) appeared in one quadrant,
while three fixed distractor objects occupied the remaining positions (see
Figure . To ensure that competitor effects reflected genuine prediction
rather than general plausibility preferences, all objects except the target were
implausible within the predictable sentence context. This ensured that any
fixation bias toward semantic or phonological competitors would be driven
specifically by their semantic or phonological overlap with the predicted
target word. Unlike Experiment 1a, Experiment 2 employed coloured images,
following the original materials provided by Ito and Husband (2017). No
formal screening for colour vision deficiencies was administered. However,
objects were identifiable based on their shape and canonical visual properties,
and experimental conditions were not defined by colour contrasts. Even
if some items may benefit from canonical colouring, colour cues were not
systematically aligned with any object type or condition, making it unlikely
that colour vision differences could account for the observed competitor

effects.

Semantic competitors had varied relationships with target words,
including belonging to the same semantic category (e.g., mnose-ear),
part-whole relationships (e.g., car-tire), and frequent co-occurrence patterns
(e.g., tea-lemon). Phonological competitors shared an average overlap
proportion of 0.49 (SD = 0.16) with target words at onset. The overlap
was computed following Simmons and Magnuson (2018) as the number of
identical phonemes divided by the average phoneme length of the two words.
Importantly, overlap estimates were grounded in the phonetic realization of
the critical words in the recorded auditory materials, rather than in abstract
dictionary forms. The procedure followed the same approach adopted in
Experiment la (see Section. See Appendixfor full transcriptions

of the sentence stimuli.

In addition to the experimental sentences, the design included 56 filler
sentences, divided evenly between the two blocks (28 per block). Filler
sentences in the predictable block had unpredictable contexts that did not
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constrain expectations toward any particular object (e.g., “Alex found a toad
on his way home” presented with pictures of a toad, a birdhouse, a boxing
glove, and a screwdriver). Filler sentences in the unpredictable block used
the same neutral structure as the experimental unpredictable items (“If there
is one, click on the picture of the...”). The proportion of trials displaying
a mentioned object was carefully controlled. Within each set of 28 fillers,
21 sentences mentioned one of the four displayed objects, while 7 mentioned
none of the pictured objects, yielding a 75%/25% structure. This structure
was designed to balance the experimental logic: each experimental item had
four possible versions (target, semantic competitor, phonological competitor,
unrelated), but only the target version displayed the named object on screen
— meaning only 25% of experimental trials showed the named object. By
having 75% of fillers show a named object, the overall design resulted in 50%

of all trials displaying a mentioned object throughout the experiment.

Eight experimental lists were created by crossing experimental conditions
with block order (predictable first vs. unpredictable first), ensuring that
participants encountered only one version of each item, with the specific
condition determined by their assigned list. Critical objects appeared
equally frequently in each screen quadrant across participants. The auditory
materials for Experiment 2 consisted of original recordings provided by Ito

and Husband (2017)), recorded by a female native speaker of British English.

4.1.3 Apparatus

Participants’ eye movements were recorded using an EyeLink 1000 Desktop
Mount eye-tracker sampling at 500 Hz (SR Research Ltd., 2005). This
represented a substantial upgrade from the Gazepoint GP3 HD eye-tracker
(60 Hz, Gazepoint, 2024) used in Experiment 1. The higher sampling rate
of the EyeLink 1000 provides enhanced temporal precision for measuring
saccade onsets and fixation durations, though both systems provide adequate
resolution for studying fixation patterns in the visual world paradigm (Raney
et al., 2014).
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The experiment was programmed using SR Research Experiment Builder
software (Version 2.6.11; SR Research Ltd., 2018). Visual stimuli were
presented on a 24-inch ASUS LCD monitor with a resolution of 1920 x 1080
pixels, while eye-movement data were recorded on a separate Dell OptiPlex
7050 host computer running the EyeLink system. Auditory stimuli were
presented through Creative A60 2.0 external speakers. The speakers have a
frequency response of 50-20,000 Hz, a total RMS output power of 4 W (2 x 2
W), and a signal-to-noise ratio of 75 dB. They were positioned symmetrically

on either side of the monitor.

4.1.4 Procedure

All participants provided informed consent and received compensation in
the form of course credits or £7 based on their preference. The experimental
session was conducted individually in a quiet laboratory setting and lasted
approximately 60 minutes. The study was conducted in accordance with the
principles of the Declaration of Helsinki and the British Psychological Society
Code of Human Research Ethics. Ethical approval was obtained from the
University of East Anglia Research Ethics Committee, the host institution
where data collection took place. All participants provided informed consent.
Personal data were handled in compliance with the General Data Protection
Regulation (GDPR) and were anonymised at the time of collection through

the use of unique participant codes.

Upon arrival, participants completed a demographic questionnaire
where they indicated their age, gender, native language(s), vision
correction needs, and any diagnosed language or learning disorders.
Participants assigned to the L2 group additionally completed the Language
Experience and Proficiency Questionnaire (LEAP-Q; Marian et al., 2007),
which was used to document English exposure and self-rated proficiency.

Following these questionnaires, all participants completed the comprehensive

individual-differences battery described in Section [£.1.2.1]

Following completion of the preliminary measures, the eye-tracking phase
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began. Participants were seated comfortably approximately 60 cm from the
eye-tracker with their head positioned on a chin rest to minimize movement.
The experimental room was kept at consistent lighting levels to ensure
stable pupil tracking. Prior to each experimental session, a standard 9-point
calibration procedure was conducted, during which participants fixated on
calibration targets presented across the screen until the system achieved
acceptable accuracy. Drift correction was implemented at the beginning
of each trial using a central fixation point, ensuring maintained accuracy

throughout the session.

Participants received instructions in English, presented both visually on
the screen and aurally, explaining that they would view four pictures while
listening to sentences. They were told that sometimes (but not always) one of
the pictures would be mentioned in the sentence, and their task was to click
on that picture as quickly as possible when it was mentioned. If none of the
pictures were mentioned, they were instructed to click on the background
instead. To get familiarized with the procedure, two practice trials were

provided.

£

2000 ms

A
| mmn

500 ms

Figure 4.2: An example of the experimental procedure.

Each trial began with a central fixation cross appearing on screen for
drift correction. If drift correction failed, recalibration was performed.
Following successful drift correction, four pictures appeared on screen in

the four quadrants. The audio sentence began playing 2000 ms after the
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picture onset. Participants clicked on the relevant picture when mentioned
in predictable trials or clicked anywhere on the background in competitor
and unrelated trials where the target was not present. Trials ended upon
mouse click response (see Figure . Given the complex structure of the
original experiment from Ito and Husband (2017), the clicking component
was preserved to avoid potential programming errors that could arise from
modifying the established protocol. Moreover, this design choice eliminated
potential ambiguity about task expectations, as participants had an explicit

action to perform when the target was mentioned.

The session concluded with a brief debriefing where participants could ask
questions about the study and provide feedback about their experience. To
reduce bias, the experimenter did not communicate any specific hypotheses

during data collection.

4.1.5 Predictions

Based on the findings from Experiment la (Chapter , the theoretical
framework outlined in previous chapters, and the results reported by Ito

and Husband (2017)), the following predictions were formulated:

Contextual and semantic prediction. All three groups were expected
to show anticipatory fixations on highly predictable targets, consistent with
extensive evidence that comprehenders routinely anticipate high-cloze targets
in strongly constraining contexts (Altmann & Kamide, [1999; Borovsky et
al., 2012; Tto et al., [2018) and Experiment la results. Beyond target
prediction, strong semantic competitor effects were expected, replicating
Ito and Husband (2017) while extending these findings to dyslexia and L2
populations. The available evidence, though limited, consistently indicates
that prediction extends beyond single target items to include semantically
related concepts (Federmeier & Kutas, |1999; Ito & Husband, [2017; Li
& Qu, 2023; Li et al., 2022, see Section . I therefore predicted
that all groups would show anticipatory fixations to semantic competitors

relative to unrelated objects in predictable contexts. However, the timing
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and strength of these effects were expected to vary across populations.
Compared to L1 typical readers, both dyslexia and L2 groups were predicted
to show a delayed onset of semantic prediction. For dyslexia, this prediction
was motivated by evidence that, despite relatively preserved performance
in highly constraining contexts, predictive processing in dyslexia unfolds
less incrementally and more slowly over time (Engelhardt et al., |2021)).
Adults with dyslexia show slower lexical retrieval, as indexed by reduced
rapid automatized naming performance (Araijo et al., |2011; Carioti et al.,
2021). While strong contextual constraints can support accurate target
anticipation, the activation of semantically related alternatives depends on
the efficiency with which the target word and its associated semantic network
become active (Huettig et al.,|[2022). Because semantic competitor activation
arises from spreading activation within this network, impairments in the
speed of lexical access should manifest as delays in when this spreading
reaches related concepts. Consequently, semantic competitor effects were
expected to emerge later in this group, with potential convergence to control
patterns as bottom-up input accumulates. For L2 speakers, slower and
less automatic lexical access, weaker form—meaning mappings, and increased
lexical competition typically delay the pre-activation of semantic information
(Dijkgraaf et al.,|2017; Martin et al., {2013} Weber & Cutler, 2004). Semantic
competitor effects in the L2 group were therefore expected to be temporally
delayed relative to L1 typical readers, while remaining qualitatively similar

in direction.

Phonological prediction. Previous work has provided little evidence for
phonological form pre-activation during spoken language comprehension.
Both Ito and Husband (2017) and Experiment 1a failed to detect phonological
competitor effects. At the same time, Ito’s (2024) meta-analysis indicates
that L1 speakers can anticipate phonological form under optimal conditions,
although such effects are small, inconsistent, and short-lived, amounting on
average to an approximately 5% increase in looks and lasting roughly 600 ms
when observed. In the present experiment, the increased speech rate (3.5 vs.

2.5 syllables/second in Ito and Husband) was expected to enhance temporal
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alignment between linguistic input and eye-movement behavior (Fernandez
et al., 2020), potentially creating more favorable conditions for detecting
phonological prediction. Nevertheless, given the limited and inconsistent
evidence for phonological prediction in the literature, I expected at most
weak and transient phonological competitor effects in L1 typical readers,
consistent with the meta-analytic estimates reported by Ito (2024). For
L2 speakers, evidence for phonological prediction is even more limited.
Studies using the English a/an determiner alternation have found that
proficiency modulates phonological anticipation, with higher-proficiency L2
speakers showing earlier and stronger effects (Connell et al., 2021). However,
research examining whether L2 speakers pre-activate the phonological form
of predictable targets strongly enough for competitors to be activated has
yielded largely null results (Ito et al., 2018)). Therefore, I predicted minimal
or absent phonological competitor effects in L2 speakers. For adults with
dyslexia, I predicted no phonological competitor effects. This prediction was
motivated by consistent evidence of phonological processing difficulties in
dyslexia, including reduced sensitivity to phonological information during
spoken word recognition (Desroches et al., [2006; Schwarz et al., 2024) and

impaired phonological awareness across the lifespan (Snowling et al., 2020).

Individual differences mechanisms. If any observed group differences
in prediction reflected limitations in processing efficiency, prediction timing
should correlate with indices of lexical access and automatization, in
particular rapid automatized naming performance and reading history
(ARHQ) scores. By contrast, if group differences or individual variability
in anticipatory processing reflect cumulative literacy experience rather than
processing efficiency per se, stronger relationships with vocabulary knowledge
(PPVT) and print exposure (ART) measures would be expected, although
such correlations may be weaker or less systematic given the highly educated,
university-level sample. Alternatively, the absence of systematic correlations
between anticipatory measures and individual-differences variables would
suggest that group-level differences reflect broader qualitative differences in

predictive engagement rather than modulation by individual cognitive or
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experiential factors. For L2 speakers, analogous expectations applied to
measures of language experience and proficiency derived from the LEAP-Q),
with greater exposure and higher proficiency potentially supporting earlier
or stronger anticipatory effects (Chambers & Cooke, |2009; Tagliani et al.,
2025)).

4.2 Data Analysis and Results
4.2.1 Language Experience and Individual Differences

Table 4.2: Descriptive statistics and group comparisons for individual
difference measures

Group Means (SD) Group Comparisons

L1 Typical readers Dyslexia L2 L1vs Dys Ll1vsL2 DysvsL2
RAN Letters Rate 0.37 (0.07) 0.48 (0.09) 037 (010) p<.001 p=.88 p<.001
RAN Digits Rate 0.35 (0.07) 0.41 (0.07) 0.35 (0.09) p=.001 p=.98 p=.008
ARHQ Sum 35.95 (8.55) 5445 (6.48)  33.67(7.22) p<.001 p=26 p<.001
ADHD Hyperactivity-Impulsivity 23.85 (6.35) 28.34 (7.36) 26.17 (6.95) p=.011 p=.19 p=.27
ADHD Inattention 27.23 (5.34) 34.07 (6.57)  28.62(5.25) p<.001 p=.31 p=.002
ADHD Overall Mean 51.15 (10.52) 62.55 (12.70) 54.79 (11.06)  p < .001 p=.20 p=.021
PPVT Standard Score 103.59 (9.67) 101.62 (13.33)  103.58 (10.68)  p = .50 p =10 p =.55
ART Score 8.49 (4.97) 7.59 (5.48) 1100 (9.14) p=49 p=23 p—.12
Stroop Difference 70.61 (119.49) 155.11 (232.94) 46.72 (109.37) p=.08 p=.42 p=.031

Note. Values show Mean (SD). RAN = Rapid Automatized Naming;
ARHQ = Adult Reading History Questionnaire; ADHD = Attention Deficit
Hyperactivity Disorder; PPVT = Peabody Picture Vocabulary Test; ART
= Author Recognition Test.

Group characterization. Table [1.2] presents descriptive statistics and
group comparisons for individual difference measures. Participants with
dyslexia demonstrated the expected pattern of reading, processing speed, and
attention-related difficulties. Compared to the typical reader control group,
participants with dyslexia showed significantly slower rapid automatized
naming for both letters and digits (p < 0.001 for all comparisons), higher
scores on the ARHQ indicating greater lifetime reading difficulties (p <
0.001), and elevated ADHD symptoms (overall mean: p < 0.001). In

contrast, the dyslexia group performed comparably to typical readers on
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receptive vocabulary (PPVT), print experience (ART), and executive control
as indexed by the Stroop task. Although participants with dyslexia showed
numerically larger Stroop interference effects than L1 typical readers, this
difference did not reach conventional levels of statistical significance in the
full sample (p = 0.08). Inspection of the data revealed one L1 typical
reader with an extreme Stroop Difference score, while showing no outlying
values on any other individual-differences measure. Given the absence
of a principled reason for exclusion, this participant was retained in all
analyses. A follow-up analysis excluding this individual yielded a significant
group difference between L1 typical readers and participants with dyslexia
(p = 0.035). Taken together, this pattern suggests that their difficulties
were specific to core dyslexia-related processing abilities (rapid naming,
processing speed, and attention) rather than reflecting reduced literacy
experience. All the participants were university students, so this profile may
reflect compensated dyslexia, in which individuals develop strategies that
allow them to succeed academically despite persistent underlying processing
challenges. L2 speakers performed similarly to L1 controls on all measures
(p > 0.2 for all comparisons), validating that any observed differences
in predictive processing would reflect language-specific rather than general

cognitive factors.

Moreover, expected associations among the measures were replicated in
a correlation analysis, providing validation for our cognitive assessment
battery. Consistent with expectations, participants with greater reading
difficulties (higher ARHQ scores) showed significantly less print exposure
(ART: r = -0.350, p < 0.001) and lower vocabulary scores (PPVT: r =
-0.276, p < 0.01). Additionally, the strong correlation between reading
history difficulties and ADHD symptoms (r = 0.554, p < 0.001) aligns
with epidemiological evidence of ~30% comorbidity between dyslexia and
attention difficulties (Pennington, 2006). Print exposure and vocabulary
knowledge also correlated positively (r = 0.371, p < 0.001), supporting
the relationship between reading experience and lexical development
(Cunningham & Stanovich, [1991)).
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Table 4.3: Language background characteristics from LEAP-Q) assessment
(Experiment 2)

LEAP-Q Variable L2 English Speakers
L2 (English) Language Experience:

Age of acquisition (years) 6.4 (2.4)
Daily exposure to English (%) 71.7 (15.3)
Daily exposure to L1 (%) 25.8 (11.1)
English academic/professional exposure (years) 8.1 (5.5)
English Academic/Professional Exposure:

Less than 1 year 8%

1-5 years 32%

More than 5 years 60%
Self-Rated L1 Proficiency:

Average 5.5 (0.8)
Self-Rated L2 (English) Proficiency:

Average 5.1 (0.7)

Note. Values show Mean (Standard Deviation).

English Academic/Professional exposure indicates the duration of time
spent in schools and /or workplaces where English was the primary
language of communication. Self-rated proficiency measured on a scale
from 1 (lowest) to 6 (highest).

Language background. Table shows that L2 participants had
early English acquisition (M = 6.4 years), extensive daily exposure to
English (72%), and high self-rated proficiency in both languages (L1:
5.5/6, English: 5.1/6). This L2 profile reveals some contrasts with
Experiment 1 despite similar age of L2 acquisition onset (both ~ 6).
The current English L2 speakers showed reversed dominance patterns
compared to the Tyrolean-Italian bilinguals, with higher L2 English (72%)
than L1 daily exposure (26%) versus higher L1 Tyrolean (67%) than L2
Italian exposure (20%). This difference reflects distinct sociolinguistic
contexts: while Tyrolean coexists with Italian in South Tyrol’s multilingual
environment (see Section , English dominates in both academic and
daily life contexts in the UK. Additionally, the current L2 sample had
more extensive academic/professional English exposure. Despite these
different dominance patterns, both bilingual samples demonstrated similar

proficiency self-ratings.
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4.2.2 Data Cleaning and Analysis Approach

Data preprocessing. Eye-tracking data were recorded using an EyeLink
eye-tracker and exported with fixation counts pre-aggregated per time
bin: each row represented one participant x trial x time-bin observation.
No prior averaging across participants or items was performed before
modelling. Fixation proportions were calculated across all samples assigned
to predefined interest areas, excluding off-screen looks. This approach
facilitates interpretation of shifts in visual attention between areas of interest,
as including off-screen looks can obscure whether increases in fixations to
a given region reflect genuine attentional preferences or a general increase
in on-screen looking. Trials consisting exclusively of off-screen looks were
removed, as they provided no usable fixation data. To avoid including trials
with too few data, a track-loss threshold of 30% was applied. Given the
high temporal resolution of the eye-tracking data sampled at 500 Hz (20
ms bins), this cutoff was chosen to account for natural blinking and brief
tracking interruptions while maintaining sufficient data for reliable analysis
(Dink & Ferguson, 2015). Trials exceeding this threshold were excluded,
resulting in the removal of 30 trials (6% of the dataset). Next, trials in
which participants failed to fixate the critical object in target conditions
were excluded (2% of the remaining data), as such cases likely reflected lapses
in auditory comprehension, attentional disengagement, or misunderstanding
of task requirements. For example, one participant initially adopted a
peripheral viewing strategy, avoiding direct fixations while still selecting
targets correctly; after clarification of task instructions, this participant

performed normally in the subsequent block.

At the participant level, individuals contributing fewer than 59 trials
(determined by -1.5 SD below the mean number of completed trials) were
excluded to ensure adequate statistical power. This resulted in the removal of
one participant from the dyslexia group, who contributed only 49 out of 116
possible trials. Finally, participant-level outliers on the individual differences
battery were identified using within-group z-scores. Participants showing

extreme values with z-scores exceeding + 2.5 on multiple standardized
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cognitive measures were flagged for review. One control participant met this
criterion, exhibiting extreme scores on three key measures: rapid automatized
naming (RAN) digits rate (z = 2.54), RAN letters rate (z = 2.70), and Stroop
difference (z = -4.38), indicating performance that was substantially atypical
compared to their group. This participant was therefore excluded to prevent
disproportionate influence on group-level analyses. After preprocessing and
exclusions, the final dataset comprised 93 participants, each contributing an
average of 105.36 trials (SD = 15.61), for a total of 116 distinct experimental

trials.

Analysis approach. To visually inspect the data, Figure [1.3] displays the
time-course of fixation proportions to critical objects across all experimental
conditions for each participant group in both predictable and unpredictable
items. Visual inspection already reveals clear anticipatory effects emerging
well before target word onset and sustained effects continuing into the
post-target period in predictable items. In unpredictable contexts, on the
other hand, all conditions show similar, low fixation proportions during the

pre-target period, with sharp increases only after target word onset.

To statistically compare these patterns, two complementary analytical
approaches were employed. First, Generalized Additive Mixed Models
(GAMMSs) were implemented using the bam() function from the mgcv
package in R (Wood, [2017) to test whether the smooths (time courses
of fixation proportions) differ between groups or conditions across the
two primary time windows: an anticipatory window (-3400 to 200 ms
relative to target onset) capturing prediction-based processing before acoustic
information becomes available, and a resolution window (200 to 800 ms)
capturing lexical access and integration processes following target word
onset. Post-hoc smooth comparisons were carried out using functions
from the itsadug package (e.g., plot_diff (), get_smooths_difference())
combined with cluster-based permutation tests. These analyses provided the
GAMM-equivalent of pairwise contrasts, allowing me to identify the specific

time spans where fixation trajectories significantly diverged. This procedure
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Figure 4.3: Mean fixation proportions on target, semantic competitor, phonological
competitor, and unrelated objects in the L1 (top graph), L2 (middle graph), and Dyslexia
(bottom graph) groups. Each panel shows data for one participant group, with the
upper portion displaying predictable sentence contexts and the lower portion showing
unpredictable contexts (“If there is one, click on the picture of the...”).

was applied systematically to all between- and within-group comparisons.

Second, divergence point analysis (DPA) was used to estimate the temporal
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onset of condition differences (see Section for methodological details).
Together, these approaches enabled a detailed examination of group- and

condition-specific patterns of anticipatory processing.

To find the best-fit model, my selection process was similar to Experiment 1
and involved two key comparisons. First, I constructed models with varying
random effects structures: a simple model with participant- and item-specific
random smooths over time that did not vary by experimental condition,
and a more complex model that allowed participant-specific smooths
to vary by experimental condition. This choice was motivated by the
expectation that individual differences in predictive processing may manifest
differently across conditions and participant groups. Item-level variability
was modeled using item-specific factor-smooths over time (s(time, item,
bs = “fs’’)); item-by-condition smooths were also considered but were not
retained due to overfitting and lack of improvement in model fit. Second,
models with and without the AR(1) autocorrelation (p) parameter were
compared to determine whether including the AR(1) correlation structure
significantly improved model fit. The condition X group interaction was
encoded in a single ordered factor variable (cg) with treatment (dummy)
coding. The reference level was Unrelated.Ll (the unrelated condition
in the L1 typical-reader group) such that all parametric coefficients
reflect contrasts against mean fixation in that baseline cell, following
the same coding rationale as in Experiment la (see Section . As
in Experiment 1, autocorrelation control was important given the dense
temporal sampling of eye-tracking data, where fixations at adjacent time
points are highly correlated due to the rapid nature of eye movements. To
enable autocorrelation modeling in GAMMSs and to handle zero and one
proportions, the dependent variable was the empirical logit (Elog) of fixation

proportions, computed directly from the binned sample counts as:

c+0.5
Hlog =log (n_—m)

where ¢ is the number of gaze samples falling on the critical object within a
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given time bin and n is the total number of valid samples in that bin. The
correction factor of 0.5 was added to both numerator and denominator to

handle cases where ¢ = 0 or ¢=n (Barr, 2008)).

The final models for both time windows included:

e fixed smooths of time and condition-by-group interactions,
e condition-specific smooths of time to capture non-linear trajectories,

e participant-specific smooths varying by condition to account for

individual variability,
e item-specific smooths of time,

e and an AR(1) autocorrelation (p) parameter to control for temporal

dependencies.

4.2.3 Results: Anticipatory Window

First, eye movement data in the anticipatory window (-3400 to 200 ms) were
analyzed using GAMMSs. Model comparisons demonstrated that a complex
random effects structure, which allowed participant-specific slopes to vary
by condition, provided a better fit than the simpler model (AfREML =
-890.34, Adf = 20, p < .0001, AIC difference = 3234.41).This indicates that
individuals exhibited condition-specific anticipatory patterns, justifying the
inclusion of by-condition participant smooths in the final model. See the full

model summary in Appendix [F.1]

Within-group anticipatory effects. All three participant groups
demonstrated clear anticipatory fixations to target objects consistent
with predictive processing, with fixation proportions beginning to rise

approximately 3000 ms before target word onset and sustaining throughout
the anticipatory window (see Figures .

According to the GAMM analysis, in the L1 group, fixations to the target
started to diverge from unrelated items from approximately -2927 ms (effect

size = 0.705), while semantic competitors also elicited anticipatory fixations
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Figure 4.4: GAMM model estimates of looks to the critical object over time. (A)
Comparison by condition for each group. (B) Comparison by group for each condition.
The x-axis represents time relative to the target word onset (0 ms), and the y-axis shows
the proportion of looks directed to the critical word transformed into empirical logit.

relative to unrelated distractors starting from around -2345 ms, lasting until
the end of the time window (effect size = 0.341). The dyslexia group showed
anticipatory fixations to the target emerging from around -3036 ms (effect
size = 0.746), and slightly weaker semantic competitor activation from -1618
to -600 ms (effect size = 0.255). Similarly, L2 participants anticipated targets
from -2673 ms (effect size = 0.748) and demonstrated semantic competitor
activation from -1873 to -636 ms (effect size = 0.367). Thus, each population
demonstrated predictive eye movements, although the timing and strength

of semantic competitor activation varied across groups.

In contrast to significant semantic effects, no evidence emerged for
phonological competitor activation during the anticipatory window across
any participant group. A simulation-based power analysis was conducted
to assess statistical sensitivity to detect a phonological competitor effect

of the magnitude identified in the meta-analysis by Ito (2024)), following
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the same approach as Experiment la (see Section [2.2.5)).
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Figure 4.5: Panels show differences in empirical logit-transformed fixation proportions
over time between the target and unrelated conditions (upper graph in each panel),
semantic and unrelated conditions (middle graph), and phonological and unrelated
conditions (lower graph in each panel) for (a) L1 English typical readers, (b) L2 English
speakers, and (c) participants with dyslexia. The x-axis represents time relative to target
word onset (0 ms).
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from the empirical baseline. Two power estimates were computed. Using
the full sample (n = 93), estimated power was 86.9%, exceeding the
conventional 80% threshold and indicating adequate sensitivity at the level
of the overall design. However, this estimate assumes a homogeneous
effect of the same magnitude across all three participant groups, whereas
I predicted that phonological prediction might be attenuated or absent in
L2 speakers and adults with dyslexia (see Section . Restricting the
analysis to the L1 typical reader group alone (n = 39), where phonological
prediction effects would most plausibly emerge, yielded an estimated power
of 55.7%, below the conventional threshold. While the design was not
negligible in power, the estimated sensitivity suggests that the phonological
competitor effect would be detected with only moderate probability, and
the null result should therefore be interpreted with appropriate caution.
Nonetheless, the Experiment 2 estimates represent a substantial improvement
over Experiment la (86.9% and 55.7% vs. 22.8% and 11.5% for L1 readers),
reflecting both the larger sample and considerably lower residual variance,
the latter likely due to the higher temporal resolution of the EyeLink 1000
eye-tracker (500 Hz). The convergence of null phonological effects across
both experiments therefore carries greater evidential weight than either result
in isolation, with Experiment 2 providing the more informative basis for

theoretical interpretation.

Between-group comparisons of anticipatory processing. Overall,
the model did not reveal statistically significant between-group differences
in the anticipatory window (see Figure . Importantly, the absence of
significant group effects does not imply that the groups initiated prediction
at the same time. GAMMSs test for overall proportional differences in fixation
trajectories and can detect when fixation proportions diverge between
conditions within a group, but they do not test whether the timing of
divergence differs significantly between groups. In fact, visual inspection
suggested that dyslexic participants displayed slightly higher baseline looks to
both predictive and unrelated items, therefore reducing the relative contrast

between conditions. As a consequence, group-level differences in fixation
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proportions may not be reflected in GAMM contrasts. To capture these

temporal aspects, DPA was used.
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Figure 4.6: Panels show differences in fixation proportions over time between groups
in the target (upper panel), semantic (middle panel), and phonological (lower panel)
conditions across the anticipatory time window for L1 typical readers vs. participants
with dyslexia (leftmost panels), L1 vs. L2 participants (middle panels), and dyslexics vs.
L2 speakers (rightmost panels).

When comparing L1 and L2 speakers, divergence point analysis did
not reveal significant timing differences in target divergence onsets in the
anticipatory window (see Figure . Both groups initiated anticipatory
looks at comparable time onsets with L1 speakers’ mean onset of -2559.7 ms
(95% CI: [-3050, -2100]), and L2 speakers’ mean onset at -2467.55 ms (95%
CI: [-2550, -2350]). The estimated difference of just 42 ms was non-significant
(95% CI: [-450, 650], p = 0.2).

For semantic competitors, however, a different pattern emerged (see
Figure . L1 participants diverged earlier (at -1892.95 ms; 95% CI:
[-2050, -1700]) than L2 speakers (at -1097.6 ms; 95% CI: [-1250, -900]), a
delay of roughly 745 ms for the L2 group. Although this difference was
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Figure 4.7: Divergence point analysis of mean fixation proportions to the critical word
in a) target vs. unrelated conditions, b) semantic vs. unrelated conditions for L1 and L2
groups.

visually striking and supported by non-overlapping confidence intervals, the
permutation-based test did not reach conventional significance (95% CI:
[550, 1050], p = 0.06). This discrepancy likely reflects the high variability
within the L2 group, which broadened the null distribution and increased the
probability of observing large apparent differences by chance. Thus, while not
statistically reliable, the pattern shows a clear trend toward delayed semantic

anticipation among L2 speakers.

Comparison between individuals with dyslexia and typical readers
(controls) did not reveal any statistically significant differences in target
prediction between the two groups (see Figure . Both groups initiated
target prediction well before word onset: typical readers at a mean of -2559.7
ms (95% CI: [-3050, -2100]), and dyslexics at -2935.45 ms (95% CI: [-3049,
-2850]). The small difference in divergence timing of a mean 421 ms was not
significant (95% CI: [-360, 80|, p = 0.55).

In contrast, clear group differences emerged for semantic competitors (see
Figure [4.8b)). While typical reader controls directed anticipatory fixations
toward semantic competitors from around -1892.95 ms (95% CI: [-2050,
-1700]), participants with dyslexia did not show reliable divergence until
a mean of -902.8 ms (95% CI: [-1550, -800]), yielding a significant delay
of approximately 939 ms (95% CI: [300, 1250], p < 0.01). This finding
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Figure 4.8: Divergence point analysis of mean fixation proportions to the critical word
in a) target vs. unrelated conditions, b) semantic vs. unrelated conditions for typical
readers and participants with dyslexia.

suggests that although dyslexic readers anticipate predictable targets, they
require additional time to engage in broader semantic anticipatory processing

compared to typical readers.

Finally, the comparison between L2 and dyslexic participants revealed
a broadly similar profile of anticipatory behavior. For target fixations,
participants with dyslexia actually showed a numerical advantage, diverging
approximately 423 ms earlier than L2 participants, though this difference
did not achieve significance (95% CI: [300, 650], p = 0.06). For semantic
competitors, divergence points were closely aligned (L2 = —1097 ms; dyslexia
= —902.8 ms), and the small group difference of 245 ms was non-significant
(95% CI: [-400, 550], p = 0.9)]

Taken together, these comparisons indicate that dyslexic and L2
participants engage in contextual prediction at levels comparable to L1
speakers. However, both groups showed evidence of delayed initiation
of semantic anticipatory processing. For dyslexic readers, this delay was
robust and statistically reliable relative to typical readers, whereas for L2

participants, the pattern trended in the same direction but did not reach

1 As the corresponding trajectory plots for both groups were already shown in the earlier
between-group contrasts (Figures , additional panels are not reproduced here to
avoid redundancy; only the divergence estimates are reported.
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significance, suggesting a possible but unconfirmed delay in anticipatory

processing.

Competitor type analysis: CP-+Sem vs. CP-only. Substantial
within-group variability in the initial semantic competitor effects,
particularly pronounced in the dyslexia group, suggested that the
heterogeneity was not merely random noise but might reflect systematic
differences in the nature of semantic relationships within the experimental
stimuli. This observation prompted a detailed examination of the semantic
competitor items to identify potential sources of heterogeneity that
could account for the observed patterns. Upon the review of all semantic
competitor items, a meaningful pattern emerged. Some semantic competitors
appeared to be exclusively related to the highly predictable target word
(e.g., in “The restaurant is always busy, so Leo will book a table for the
whole family”, the semantic competitor drawers relates solely to the target
table). Others, by contrast, were related not only to the target but also
to additional content words in the preceding sentence context (e.g., in
“That dog looks so happy, wagging its tail as it walks along”, the semantic
competitor paw is related both to the target word tail and the contextually

preceding word dog).

Therefore, this distinction suggested that semantic competitors might be
activated through different mechanisms. Items linked only to the target
are likely driven by target-based activation, becoming active once the target
itself is predicted. Items linked to both the target and context words may
benefit from context-driven activation, in which spreading activation from
multiple contextually related words facilitates earlier and stronger competitor

engagement. Based on this rationale, semantic competitors were divided into:

e CP-only: items semantically related to high Cloze Probability (CP)

target alone;

e CP-+Sem: items semantically related to both the CP target and

additional contextual words.
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To validate this theoretical distinction and provide empirical support
for the post-hoc classification, a semantic relatedness norming study was
conducted with a convenience sample of 33 native English speakers who had
not participated in the main eye-tracking experiment. There is no established
minimum sample size for semantic relatedness norming. Although norming
procedures differ in the type of judgments elicited (e.g., cloze probabilities,
semantic fit, plausibility, lexical associations), psycholinguistic research
typically reports samples between 15 and 30 participants (e.g., Aveni et al.,
2023; Brouwer et al., 2019; DeLong et al., 2005; Mishra et al., [2012}; Staub
& Clifton, 2006). Participants completed an online word association task in
which they viewed identical picture representations of semantic competitor
objects used in the eye-tracking experiment. This methodological choice
to use pictures instead of written words ensured that semantic relatedness
judgments reflected responses to the actual visual stimuli that participants
encountered during predictive processing, avoiding potential discrepancies

between written word associations and visual object recognition.

For each semantic competitor image, participants were presented with four
word options plus a separate ‘none of the above” option. The four words
comprised (1) the target word from the corresponding sentence, (2) content
words from the sentence context preceding the target (including nouns,
adjectives, and verbs that carried semantic weight), (3) unrelated words
included to complete the four-option format when necessary. Participants
first read task instructions stating that they would see an image followed
by a list of words and should select all words they considered related to the
image. They were explicitly instructed that relationships could encompass
meaning, function, typical situations, or common connections and that there
were no correct or incorrect responses (Appendix [If shows the instruction
screen). For example, for the sentence “That dog looks so happy, wagging its
tail as it walks along,” participants were presented with a picture of a paw
together with content words dog and to wag, an unrelated word bottle, and
the target word tail (see Figure .

A Context Relationship Score (CRS) was developed specifically for
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* Select all words that are related to this image:

&
(] bottle
() towag
(] tail
(] dog
(] None of the above
Figure 4.9: Example of a norming task showing a semantic competitor image of a paw

with word association options for the sentence: “That dog looks so happy, wagging its tail
as it walks along.”

this study to quantify the strength of association between each semantic
competitor and the sentence context (excluding the target word). Because
participants could select more than one contextual word for each item, and
because the target word was always present among the response options,
a simple proportion measure could not accurately capture the overall
degree of contextual activation. The CRS therefore summarises both how
many contextual elements were judged to be related to the competitor
(Context Sum) and how consistently these relationships were endorsed

across participants (adjustment for None%). The score was defined as:

CRS = Context Sum x (1 — None%)

100

where Context Sum represents the cumulative selection percentages for
all contextual words (excluding the target) identified as related to the
competitor, and None% represents the proportion of participants who
identified no relationship between the competitor and context words. Because
participants could select multiple contextual words for a given competitor,
maximum CRS values could exceed 100 when items were judged to be
strongly related to multiple contextual elements. Inspection of the CRS

distribution showed a clear gap between items with minimal contextual
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activation (CRS values between 0 and 10) and the next highest item (CRS =
17), with no values falling in the intermediate range. To obtain a categorical
distinction aligned with this empirical structure, a threshold was placed
within this empty interval. Items with C RS < 15% were classified as CP-only
(indicating relationship primarily with the contextually predicted target
word), and items with CRS > 15% as CP+Sem (indicating associations not
only to the target but also to one or more contextual words in the sentence).
The final classification resulted in 20 CP-only items (CRS range: 0-10, M =
2.3, SD = 2.6) and 34 CP+Sem items (CRS range: 17-191, M = 81.8, SD =
51.0). This variability within the CP+Sem group reflects differences in the
degree of context-based activation, while all items exceeded the threshold

that distinguished them from CP-only items.

To analyze anticipatory looks to CP+4Sem and CP-only competitors, a time
window starting from -2200 ms was selected. This window began slightly
before the earliest divergence points observed for semantic competitors in
the broader anticipatory analyses, ensuring that the models captured the
initiation of context-based semantic activation (see Appendix for the
model summary). The analysis revealed strong CP-+Sem effects across all
groups (see Figure . The L1 typical reader group showed significant
CP+Sem activation from -2000 ms throughout the whole window (effect size
= 0.520), while the dyslexia group exhibited activation from -1644 ms (effect
size = 0.428), and L2 speakers from -1489 to -67 ms (effect size = 0.457).
By contrast, no group showed significant anticipatory fixations to CP-only
competitors, suggesting that semantic relatedness to the target word alone

was insufficient to elicit activation.

Further, divergence point analyses were performed to compare the timing
of divergence in looks at CP+Sem competitors between the groups. This
analysis was not conducted on CP-only items due to the non-significance of
the effect.
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Figure 4.10: Panels show differences in empirical logit-transformed fixation proportions
over time between the CP+Sem and unrelated conditions (upper graph in each panel), and
CP-only and unrelated conditions (lower graph in each panel) for (a) L1 English typical
readers, (b) L2 English speakers, and (c) participants with dyslexia.

In the comparison between typical readers and participants with
dyslexia, a clear difference emerged in divergence timing (see Figure |4.11)).

While the typical reader group directed anticipatory looks to CP-+4Sem

212



Typical readers (L1)

f=
8
£
Q s
2 Condition
o — CP+Sem
5 ++ Unrelated
© 4,00t L S TEI TN RS R R R
S
X
ic
0.75

0.50

0.251 %%

0’98500 -2000 -1500 -1000 -500 0
Time relative to the target word onset (ms)

Figure 4.11: Divergence point analysis of mean fixation proportions to the critical word
in CP+Sem vs. unrelated conditions for typical readers and participants with dyslexia.

competitors from approximately a mean of -2022 ms (95% CI: [-2100, -1900]),
participants with dyslexia did not diverge until a mean of -1076.8 ms (95%
CIL: [-1550, -800]). This delay of nearly 1000 ms was statistically reliable
(95% CI: [500, 1250], p = 0.02), indicating that dyslexic readers were slower
to initiate semantic competitor anticipation, even when those competitors

were related to both target and contextual words.
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Figure 4.12: Divergence point analysis of mean fixation proportions to the critical word
in CP+Sem vs. unrelated conditions for L1 and L2 speakers of English.

The contrast between L1 and L2 participants revealed a numerically
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similar pattern (see Figure 1.12). L1 participants again initiated CP+Sem
fixations earlier (-2022 ms) than L2 speakers (-983 ms), corresponding to
a mean delay of ~987 ms. While ~987 ms difference is large and visually
striking in the graphs (with non-overlapping Cls), the permutation-based
p-value again did not reach significance (95% CI: [550, 1900], p = 0.2).
This discrepancy can be explained by the high variability in the L2 group,
which broadened the null distribution generated by randomly reassigning
group labels. As a result, even a difference of several hundred milliseconds
could be reasonably produced by chance, leading to a non-significant
p-value. Nonetheless, the pattern is likely to suggest that L2 speakers
require more contextual input before engaging in semantically mediated
anticipatory processes. To examine whether the substantial variability
observed in the L2 group reflected systematic individual-difference patterns,
I conducted an exploratory set of correlations between CP+Sem divergence
points and all LEAP-Q variables. Among the LEAP-Q variables, years
spent in an English-speaking country showed the largest association with
CP-+Sem divergence point (r = 0.527, p = 0.008), with all remaining
variables producing negligible-to-small effects (|| < 0.30; see Appendix
Table . Cook’s distance diagnostics identified one influential observation
for this association (Cook’s D = 0.334, compared to 0.167 threshold): a
participant, who combined the highest immersion time in the sample (18
years) with a near-zero divergence point (65 ms, compared to a group
mean of —1474 ms). Removing this participant reduced the correlation to
r = 0.398 (p = 0.060), and LOO correlations ranged from r = 0.398 to
r = 0.648, indicating that the estimate is sensitive to this single atypical
profile. Furthermore, the direction of the association is difficult to interpret:
a positive coefficient indicates that longer immersion is associated with
later rather than earlier semantic anticipation. Given the instability of
the estimate and its lack of significance upon removal of one influential
observation (r = 0.398, p = 0.060), this association is not treated as a
reliable individual-difference effect. The remaining LEAP-Q variables yielded
no associations of meaningful magnitude, and no coherent pattern emerged

across predictors. The variability in L2 CP-+Sem anticipation, therefore,
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most plausibly reflects unsystematic between-participant dispersion rather

than any specific underlying experiential or proficiency factor.

When comparing L2 speakers and participants with dyslexia,
divergence points were virtually identical. Dyslexic readers diverged at a
mean of -1077 ms, while L2 learners diverged at a mean of -983 ms, and the

difference of just 33 ms was not significant (p = 0.9).

Taken together, these results demonstrate that semantic activation
emerged only when competitor items were semantically integrated with the
broader sentence context and that anticipation of a highly predictable target
word alone did not produce spreading activation to its semantic associates.
Individuals with dyslexia showed a consistent and statistically significant
delay in initiating semantic anticipation, even though their pre-activation of
highly predictable targets was intact. In contrast, L2 participants displayed
a numerically similar delay relative to L1 controls, but this effect did not

reach statistical significance.

Exploratory analyses: prediction and individual differences. To
assess whether individual cognitive and reading-related skills modulated
predictive processing, correlation analyses were conducted between
participants’ divergence point measures and the cognitive assessment
battery (RAN, ARHQ, ADHD, PPVT, ART, Stroop). For target and
semantic divergence points, analyses were conducted across the full sample;
these results are reported in Appendix [H] Tables [H.2] and revealed
no significant associations with any individual-difference measure (all
p > 0.05). The semantic divergence point table is additionally limited
in interpretive value given the subsequent finding that the semantic
competitor condition comprised two qualitatively distinct subsets of items
(CP+Sem and CP-only), only one of which elicited anticipatory activation
(see Section . Accordingly, the aggregate semantic divergence point

conflates items that behaved very differently and is not discussed further.

For the theoretically critical CP+Sem divergence point, correlations were

first conducted across the full sample and are reported in Appendix [H]
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Table [H.4] Although no associations reached significance in the full-sample
analysis, a meaningful pattern emerged when examining effect sizes across
measure types. Phonological processing speed (RAN Letters: r—=-0.082; RAN
Digits: r=-0.044), reading history (ARHQ: r=-0.056), and attentional control
(ADHD: r=-0.044) showed negligible associations with CP+Sem divergence
timing. By contrast, receptive vocabulary (PPVT: r=-0.184) and print
exposure (ART: r=-0.132) showed effects of small-to-medium magnitude,
suggesting that experience-based linguistic measures may relate more closely
to semantic prediction efficiency than phonological or attentional measures.
This differential pattern warranted further investigation at the group level.
Since the three groups were selected on the basis of differing cognitive and
linguistic profiles, and were therefore expected to differ systematically on the
individual-difference measures themselves, group-specific correlation analyses

were conducted separately for each group to provide a more interpretively
transparent picture of within-group associations (see Tables , .

Within the L1 typical reader group, no significant associations were
observed between CP+Sem divergence point and any individual-difference
measure (all p > 0.19, all |r| < 0.2; see Table [1.4). Effect sizes were
uniformly small across all measures, suggesting that within a neurotypical
L1 population, individual variation in these cognitive and linguistic skills
does not reliably predict the timing of semantic anticipatory processing.
Within the dyslexia group, a significant negative correlation emerged between
CP-+Sem divergence point and PPVT standard score (r = —0.413, p = 0.026;
see Table , indicating that dyslexic participants with higher receptive
vocabulary knowledge tended to initiate CP+Sem competitor anticipation
earlier. A marginal association was also observed for Stroop interference score
(r = 0.346, p = 0.066), suggesting a possible tendency for participants with
greater interference costs to show later CP+Sem divergence, though this did
not reach conventional significance. No other measure reached significance
in the dyslexia group (all p > 0.30). Within the L2 group, a significant
negative correlation emerged between CP+Sem divergence point and ART
score (r = —0.435, p = 0.034; see Table , indicating that L2 participants
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with greater print exposure tended to show earlier CP+Sem anticipation.
No other measure reached significance in the L2 group (all p > 0.47, all
Ir| < 0.16).

Table 4.4: Correlations between CP+Sem divergence point and
individual-difference measures in the L1 typical reader group.

Variable r P

RAN Letters (rate) 0.005  0.976
RAN Digits (rate) 0.005  0.977
ARHQ total score —0.058 0.724
ADHD overall score 0.140  0.396
PPVT standard score —0.036 0.828
ART score 0.212  0.194

Stroop interference score —0.166 0.313

Note. Pearson correlations between the CP+4-Sem divergence point and
individual-difference measures in the L1 typical reader group (n = 39).

Table 4.5: Correlations between CP+Sem divergence point and
individual-difference measures in the dyslexia group.

Variable r P
RAN Letters (rate) 0.198  0.302
RAN Digits (rate) 0.090  0.641
ARHQ total score —0.038 0.847
ADHD overall score —0.022 0.908
PPVT standard score —0.413 0.026%*
ART score —0.176  0.361

Stroop interference score  0.346  0.066

Note. Pearson correlations between the CP+Sem divergence point and
individual-difference measures in the dyslexia group (n = 29).

Taken together, these results reveal a theoretically coherent pattern across
groups: phonological processing speed, reading history, and attentional
measures showed consistently negligible associations with CP-+Sem
anticipation timing across all three populations, whereas experience-based
measures — receptive vocabulary (PPVT) in the dyslexia group and print
exposure (ART) in the L2 group — emerged as the strongest individual-level
predictors of semantic prediction efficiency. In the dyslexia group, PPVT
but not ART reached significance, which may reflect the particular relevance

of vocabulary knowledge as a compensatory resource in this population.
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Table 4.6: Correlations between CP+Sem divergence point and
indwidual-difference measures in the L2 group.

Variable r P
RAN Letters (rate) —0.148 0.490
RAN Digits (rate) —0.155 0.470
ARHQ total score 0.028  0.898
ADHD overall score —0.150 0.483
PPVT standard score —0.020 0.927
ART score —0.435 0.034*

Stroop interference score —0.132  0.540

Note. Pearson correlations between the CP-+Sem divergence point and
individual-difference measures in the L2 group (n = 25).

Dyslexic readers with richer receptive vocabularies may draw on stronger
lexical-semantic representations, facilitating earlier semantic anticipation.
In the L2 group, by contrast, print exposure (ART) may provide a more
sensitive index of the strength and accessibility of lexical representations, as
it reflects cumulative experience with the language in context. Both findings
should nonetheless be interpreted cautiously, as PPVT and ART accounted
for approximately 17% (r* ~ 0.171) and 19% (r* ~ 0.189) of variance
in CP+Sem divergence timing within their respective groups, leaving the
majority of individual variability unexplained. The absence of significant
correlations in the L1 typical reader group may reflect several possible
factors. First, within-group variance in PPVT and ART was indeed more
restricted in the L1 typical reader subsample relative to the other groups.
Descriptive statistics (see Table reveal that the standard deviation for
PPVT scores in the dyslexia group was notably larger (SD=13.33) than
in the L1 group (SD=9.67), and the standard deviation for ART scores in
the L2 group was wider (SD=9.14) compared to the L1 group (SD=4.97).
This greater dispersion in the dyslexia and L2 groups suggests that
individual differences in vocabulary breadth and print exposure are more
heterogeneous in these populations, providing the necessary variance range
to detect correlations with anticipation timing. The more homogeneous
distributions observed in the L1 group would reduce statistical power to
detect such associations even if they existed. Future work could address this

by recruiting L1 typical readers with a wider range of vocabulary and print
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exposure scores to provide sufficient variance to test whether the associations
observed here in the dyslexia and L2 groups generalize to typical readers
as well. Second, reduced variance in CP-+Sem anticipation timing in this
group may have similarly limited the detectable outcome range. Third, the
association between lexical experience and semantic anticipation timing may
genuinely be weaker in typical readers, not because vocabulary is irrelevant
in principle, but because L1 typical readers likely cluster toward the more
proficient end of these measures. Individual differences in vocabulary
and print exposure may only meaningfully modulate prediction efficiency
when lexical representations are less automatized, producing detectable
correlations in the dyslexia and L2 groups but not in a population where
processing is already well-established. Under this view, the associations
observed in the dyslexia and L2 groups reflect the particular relevance of
vocabulary breadth and cumulative language exposure when prediction is
less efficient or less automatized — a pattern that may diminish, rather

than disappear entirely, as processing becomes more entrenched.

4.2.4 Results: Resolution Window

The resolution window (200-800 ms relative to target word onset) captures
lexical access and integration processes following acoustic presentation of
the target word (see Figure . This analysis window encompasses the
period during which participants receive bottom-up auditory information
and integrate it with their contextual predictions, providing insight into how
predictive processing influences word recognition and competitor activation

following target onset.

Model comparison confirmed that the complex model, including both
the condition X group interaction and the autocorrelation parameter (p),
provided the best fit to the data. The complex model outperformed the
corresponding null model without the interaction (AfREML = —11,815.19,
Adf = 33, p < 0.0001, AIC difference = 23,452.29), confirming substantial
condition effects during the resolution period. In addition, inclusion of the

autocorrelation parameter also substantially improved model fit compared
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Figure 4.13: Mean fixation proportions on target, semantic competitor, phonological
competitor, and unrelated objects in the L1 (top graph), L2 (middle graph), and Dyslexia
(bottom graph) groups after the target onset in predictable contexts.

to the model without autocorrelation (AfREML = -11677.383, Adf = 0,
p < 0.001; AIC difference = 23,441), underscoring the importance of
accounting for temporal dependencies in dense eye-tracking time series. See
Appendix for model summary.

Within-group effects in predictable contexts. All groups showed
sustained, high-magnitude fixations to target objects throughout the window,
confirming successful target identification and integration (L1: effect size =
1.430; Dyslexia: effect size = 1.555; L2: effect size = 1.366) (see Figures[1.14]
4.15)). Semantic competitor activation also persisted into the resolution
window across all participant groups, though with substantially reduced
magnitude compared to target effects (L1: effect size = 0.447; Dyslexia:
effect size = 0.480; L2: effect size = 0.596).

Consistent with anticipatory window findings, no significant phonological

competitor effects emerged during the resolution window for any participant
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Figure 4.14: GAMM model estimates of looks to the critical object over time in the
resolution window of predictable items. (A) Comparison by condition for each group. (B)
Comparison by group for each condition.

group (Figure . Similar patterns of no phonological form activation in
the resolution window were observed in Experiment la. As argued previously,
the absence of phonological competition during lexical access might indicate
that strong contextual constraints effectively eliminate phonological
competitor activation even when bottom-up acoustic information becomes

available.
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Figure 4.15: Panels show differences in empirical logit-transformed fixation proportions
over time between the target and unrelated conditions (upper graph in each panel),
semantic and unrelated conditions (middle graph), and phonological and unrelated
conditions (lower graph in each panel) for (a) L1 English typical readers, (b) L2 English
speakers, and (c¢) participants with dyslexia in the resolution window of predictable items.

Between-group comparisons in predictable contexts.
Between-group contrasts revealed modest differences in target fixation

proportions. Participants with dyslexia showed slightly fewer target looks
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Figure 4.16: Panels show differences in fixation proportions over time between groups in
the target (upper panel) and semantic (lower panel) conditions across the resolution time
window for L1 English typical readers vs. participants with dyslexia (leftmost panels),
L1 English vs. L2 English participants (middle panels), and dyslexics vs. L2 speakers
(rightmost panels).

than L1 controls in a brief interval between 412-503 ms (effect size = -0.195),
but they also displayed significantly more target looks than L2 participants
during the early resolution phase spanning 200-485 ms (effect size = 0.274;
see Figure . These effects were short-lived and weak in magnitude,
suggesting that group-level differences in target identification were minimal.
Overall, dyslexic readers converged on the target as efficiently as L1 typical
readers and, in certain respects, more quickly than L2 participants, but the

practical significance of these contrasts is limited.

By contrast, L2 participants exhibited the strongest semantic competitor
activation of all groups during resolution (overall semantic effect size =
0.596), with significantly more looks to semantic competitors than L1
speakers between 545-800 ms (effect size = 0.285). Given its modest
size and limited temporal extent, this effect was treated as provisional
and evaluated against the unpredictable sentence analyses below, which
target bottom-up lexical processing without strong contextual constraint.
In these unpredictable contexts, the effect did not replicate (Figure .
Because it emerged only under strong contextual constraint and disappeared

when listeners could not rely on semantic context, the most parsimonious
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interpretation is that L2 comprehenders engaged in broader context-driven
activation during resolution, accompanied by less efficient suppression of

semantic competitors once the target had been encountered.

To further explore whether CP-only and CP-+Sem competitors showed
distinct patterns during word recognition in predictable items, I conducted
separate GAMM analyses on the resolution window for each competitor type
(see Appendix for full model summary). Across all participant groups,
CP+Sem competitors persisted into the resolution window (L1: 200-800
ms, effect size = 0.553; Dyslexia: 200-800 ms, effect size = 0.563; L2:
200-800 ms, effect size = 0.696; Figure . This sustained activation
likely reflects the fact that CP-+Sem items were contextually supported
and therefore retained some activation even after the acoustic target onset.
In contrast, CP-only competitors showed no significant activation for L1
controls but were activated, albeit more weakly, in both individuals with
dyslexia (303-648 ms, effect size = 0.334; Figure and L2 participants
(382-800 ms, effect size = 0.432; Figure . CP-only items did not
show anticipatory activation in any group, indicating that their emergence in
the resolution window reflects post-target lexical-semantic spreading rather
than prediction. These findings suggest that while CP+Sem competitors
naturally carried over into the resolution window for all groups due to their
contextual fit, the additional activation of CP-only items in dyslexic and
especially L2 comprehenders reflects broader and less selective post-onset

lexical activation.
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Figure 4.17: Panels show differences in empirical logit-transformed fixation proportions
over time between the CP+Sem and unrelated conditions (upper graph in each panel), and
CP-only and unrelated conditions (lower graph in each panel) for (a) L1 English typical
readers, (b) L2 English speakers, and (c) participants with dyslexia.

225



4.2.5 Results: Unpredictable Condition Analysis.

To control for general processing differences between groups that might
confound the interpretation of predictive processing effects, I analyzed
unpredictable sentences where participants heard contexts like “If there is one,
click on a picture of...” followed by an unpredictable target word. The critical
test lies in the resolution window (post-word onset), which reflects bottom-up
lexical access processes that should be equivalent across groups if differences
in predictable sentences are truly due to prediction rather than general
lexical processing abilities. Following Huettig and Brouwer (2015)), who found
no differences in lexical access between dyslexic and control participants, I
predicted that resolution window effects should not differ between groups in
unpredictable sentences. Group differences that emerge only in predictable
(but not unpredictable) sentences would, therefore, validate that the main
findings reflect prediction-specific processes rather than general lexical access

differences.

As expected, model comparison confirmed no systematic competitor effects
in the anticipatory window of unpredictable sentences (null vs. complex
model: p = 0.626), confirming that there were no systematic group
or condition differences during the pre-target period. Analysis of the
resolution window of unpredictable contexts (0-1000 ms post-target onset)
employed similar model selection procedures. As with predictable sentences,
in the resolution time window, the complex model, including both the
condition X group interaction and autocorrelation, was strongly favored
over simpler alternatives. Comparisons showed a clear improvement over
the null model without the interaction (AfREML = —12546.11, Adf = 33,
p < 0.0001, AIC difference = 24,800.95), as well as over the model without
autocorrelation (AfREML = —12,136.33, Adf = 0, p < 0.0001, AIC difference
= 24,598.29).

Within-group effects in unpredictable contexts. Analysis of

unpredictable contexts provided important insight into bottom-up lexical
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Figure 4.18: Mean fixation proportions on target, semantic competitor, phonological
competitor, and unrelated objects in the L1 (top graph), L2 (middle graph), and Dyslexia
(bottom graph) groups after the target onset in unpredictable contexts.

access without predictive constraints (see Figure for mean fixation
proportions plots and Appendix for the model summary). As expected,
in unpredictable contexts, all groups showed successful target recognition
with effect patterns emerging only after sufficient acoustic information
became available from ~200 ms onwards (L1: effect size = 1.328; Dyslexia:
effect size = 1.280; L2: effect size = 1.359) (see Figures [1.19] [£.20). This
contrasts markedly with predictable contexts, where target fixations are
already elevated at the start of the resolution window due to anticipatory
processing initiated several seconds earlier. Thus, this comparison further
confirms that the high target fixations observed at resolution window onset
in predictable contexts (Figure reflect predictive facilitation rather

than purely bottom-up lexical access.

In contrast to predictable items, unpredictable sentences in the resolution
window elicited not only semantic competitor effects (L1: effect size = 0.585;
Dyslexia: effect size = 0.451; 12: effect size = 0.451), but also phonological

competitor activation in all groups (L1: effect size = 0.287; Dyslexia: effect
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Figure 4.19: GAMM model estimates of looks to the critical object over time in the
resolution window of unpredictable items. (A) Comparison by condition for each group.
(B) Comparison by group for each condition.

size = 0.322; L2: effect size = 0.431). These phonological effects emerged
between ~200-300 ms and persisted until the end of the time window for
L1 and L2 speakers, and until 650 ms for participants with dyslexia. This is
an important result, as it supports lexical recognition models that suggest a
strong dependence on phonological information during bottom-up processing,
particularly when semantic context provides limited constraints (Allopenna
et al., [1998; Huettig & McQueen, [2007). Furthermore, this provides extra
support to the validity of phonological competitor items used in the study
and demonstrates that the absence of their pre-/activation in predictable
contexts cannot be explained by inadequate stimulus selection or weak
phonological similarity. Rather, the pattern indicates that in semantically
constraining environments, top—down predictive processes modulate and
effectively suppress the phonological competitor effects that would typically

arise during bottom—up lexical recognition.
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Figure 4.20: Panels show differences in empirical logit-transformed fixation proportions
over time between the target and unrelated conditions (upper graph in each panel),
semantic and unrelated conditions (middle graph), and phonological and unrelated
conditions (lower graph in each panel) for (a) L1 English typical readers, (b) L2 English
speakers, and (c) participants with dyslexia in the resolution window of unpredictable
items.
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Figure 4.21: Divergence point analysis of mean fixation proportions to the critical word
in target vs. unrelated conditions for a) L1 and L2 speakers, and b) typical readers
(Control L1) and participants with dyslexia (Dyslexia L1) in unpredictable items.
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Figure 4.22: Panels show differences in fixation proportions over time between groups
in the target (upper panel), semantic (middle panel), and phonological (lower panel)
conditions across the resolution time window in unpredictable items for L1 English typical
readers vs. participants with dyslexia (leftmost panels), L1 English vs. L2 English
participants (middle panels), and dyslexics vs. L2 speakers (rightmost panels).

Between-group comparisons in unpredictable contexts. Both
GAMM and divergence point analyses revealed minimal group differences in

target recognition when contextual prediction was eliminated. Divergence
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point analyses showed L1 speakers achieved target recognition at a mean
of 243 ms (95% CI: |200, 250]), L2 speakers at 289.4 ms (95% CI: [250,
350]), and the dyslexia group at 210 ms (95% CI: [150, 300]). These timing
differences were not statistically significant (all p > 0.84; see Figure ,
providing evidence that basic word recognition processes remain comparable
across groups. GAMM analysis detected a brief period where the dyslexia
group showed slightly higher target activation than L2 speakers (447-546
ms, effect size = 0.232; see Figure . However, this 99 ms window is
shorter than the typical 150-200 ms required to launch a saccade in response
to auditory input, which could suggest that this difference may reflect
random moment-to-moment fluctuations in the data rather than meaningful

between-group processing differences.
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Figure 4.23: DPA of mean fixation proportions to the critical word in semantic vs.
unrelated conditions for a) L1 and L2 speakers, and b) typical readers (Control L1) and
participants with dyslexia (Dyslexia L1) in unpredictable items.

Semantic competitor activation also showed similar timing across groups
in unpredictable contexts. Divergence point analysis revealed L1 speakers
initiated semantic effects at a mean of 513 ms (95% CI: [480, 580]), L2
speakers at 577.7 ms (95% CI: [480, 680]), and the dyslexia group at 614.5
ms (95% CI: [600, 700]). None of these timing differences reached statistical
significance (all p > 0.14; see Figure , and GAMM analysis detected
no significant between-group effects for semantic competitors (Figure ,

indicating that semantic competition during bottom-up lexical access follows
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similar temporal dynamics across all populations. This also indicates that
group differences observed in predictable sentences are unlikely to reflect

fundamental lexical processing deficits.
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Figure 4.24: DPA of mean fixation proportions to the critical word in phonological vs.
unrelated conditions for a) L1 and L2 speakers, and b) typical readers (Control L1) and
participants with dyslexia (Dyslexia L1) in unpredictable items.

Phonological competitor divergence points also did not differ reliably
between groups. According to DPA, the mean phonological divergence point
for L1 speakers was at 293.9 ms (95% CI: 250, 500]), for the dyslexia group
at 171.58 ms (95% CI: [100, 300]), and for L2 speakers at 460.6 ms (95%
CL: [350, 550]) (see Figure [£.24). Phonological competitor divergence was
numerically earlier in dyslexic participants and later in L2 speakers, but

these differences did not reach significance (all p > 0.3).

While no statistical difference was caught in the divergence of the effects,
GAMM analysis revealed significant differences in the duration and resolution
of phonological competition (see Figure .
significantly higher phonological competitor activation than both L1 speakers
(752-865 ms, effect size = -0.270) and the dyslexia group (723-900 ms,

effect size = -0.304) during the later portion of the analysis window.

L2 speakers maintained

Visual inspection of the difference smooth plots (Figure 4.20) suggests
several possible explanations to this pattern: (1) the numerical (though
non-significant) delay in L2 phonological onset timing (~170 ms later than

other groups) could create a temporal offset that shifts the entire activation
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profile later in the analysis window; (2) L2 speakers appear to show delayed
suppression of phonological competitors: while L1 speakers and individuals
with dyslexia demonstrate phonological activation that peaks early and
declines as acoustic information disconfirms the phonological cohort, L2
speakers show more sustained activation with a shallower decline slope.
This prolonged phonological competition in L2 processing may reflect a
qualitatively different organization of the L2 lexicon characterized by form
prominence (Gor et al., 2021} Meara, 1978, [1983). The Fuzzy Lexical
Representations framework proposes that L2 phonolexical representations
are more weakly specified and less sharply differentiated from phonological
neighbors (S. Cook et al., 2016; Gor et al., [2021)). This reduced specification
leads to a lexical competition space that remains active for longer (Gor et al.,
2021)).

To sum up, the analysis of unpredictable sentences provided validation
for the predictive nature of competitor effects observed in predictable
contexts. In the anticipatory window, no systematic competitor effects
emerged across any group, as expected given the absence of a constraining
context. In the resolution window, all groups initiated recognition of the
target and its semantic and phonological competitors at comparable times,
indicating equivalent onset of lexical access across populations. Importantly,
unlike predictable sentences, unpredictable contexts elicited phonological
competitor activation in all groups, supporting lexical recognition models
that emphasize phonological cohort activation during bottom-up word
recognition (Allopenna et al., [1998; Huettig & McQueen, 2007; Luce
& Pisoni, [1998; Marslen-Wilson & Welsh, [1978; McClelland & Elman,
1986). This pattern also demonstrates that the absence of phonological
prediction in predictable contexts reflects top-down suppression rather
than inadequate stimulus design. The results further confirm that group
differences in semantic pre-activation observed in predictable sentences stem

from prediction efficiency rather than word recognition abilities.
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4.3 Discussion

The current experiment provides further evidence of the robustness of
contextual prediction across different populations while at the same
time reveals some group-specific differences in the temporal dynamics of
anticipatory processing during spoken language comprehension. These
findings not only replicate but also extend the original results of Ito and

Husband (2017)) beyond neurotypical L1 populations.

Contextual and semantic competitor prediction. All participant
groups demonstrated strong anticipatory fixations to highly predictable
target words. The timing of target prediction onset was consistent across
groups, with all participants beginning anticipatory fixations approximately
2500-3000 ms before target word onset. This finding confirms that the
ability to use sentential context to anticipate upcoming words remains intact
even when language processing is challenged by reading disorders or second
language status, aligning with theoretical frameworks emphasizing prediction
as a core mechanism underlying efficient language processing (Clark, 2013;
Dell & Chang, 2014} Pickering & Garrod, [2013). The present results extend
established evidence for contextual facilitation in L1 speakers (Altmann &
Kamide, [1999; Arai & Keller, 2013; Borovsky et al., [2012; Federmeier, 2007
Ito et al., 2018 Kamide et al., 2003; Van Berkum et al., [2005), and L2
speakers (Chambers & Cooke, 2009; Dijkgraaf et al., 2017; Ito et al., |2018)
to adults with dyslexia, for whom evidence remains more tentative, with only
one study to date reporting predictive facilitation effects in highly predictable
contexts only (Engelhardt et al., 2021)).

However, significant temporal differences emerged in the onset of
semantic competitor pre-activation. Typical readers demonstrated semantic
anticipation the earliest, at around 1900 ms before the target onset. In
contrast, dyslexic participants exhibited a significant delay of nearly one
second, anticipating at approximately 900 ms before the target onset. L2

participants showed a similar delay of around 1100 ms before the target
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onset, though this difference was not statistically significant, likely due to
high individual variability within this group. This delay, specific to semantic
competitor pre-activation (rather than the target word itself), suggests
that strong contextual constraints directly facilitate target activation, while
the spread of activation to semantically related concepts might function
differently and require additional processing time in dyslexic populations,
and to some extent in L2 participants. This interpretation fits with the
nature of the stimuli: target words were highly predictable continuations
of the sentence context, whereas competitors, though semantically related,
were not themselves likely continuations. The delay in semantic competitor
activation may reflect reduced efficiency in predictive processing, i.e.,
dyslexic and L2 participants may require additional time and contextual

input before activating broader semantic networks.

A further insight came from examining the type of competitors that
elicited anticipation. A common limitation of prior studies is that semantic
competitor items were typically related not only to the predicted target
but also to other content words in the sentence. For instance, in Li
et al. (2022), the semantic competitor eraser was linked both to the
predictable target schoolbag and to other items mentioned in the sentence
(e.g., pencil case and notebooks in “After school, I put my pencil case
and notebooks into my schoolbag and get ready to go home.”). Such
overlap makes it unclear whether anticipatory fixations to the competitor
reflected activation cascading from the target’s lexical-semantic network
or co-activation supported by the broader sentence context. A similar
regularity emerged in our materials: competitors that showed anticipatory
activation were precisely those linked both to the predicted target and to
other contextual elements. This post-hoc observation motivated me to
separate competitor items into two subgroups — CP+Sem (competitors
related to both high CP target and other contextual words) and CP-only
(competitors related only to the target). This analysis revealed that semantic
activation occurred exclusively for CP+Sem items. CP-only items did not

elicit anticipatory fixations in any group. This finding provides important
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insights into the constraints governing semantic prediction and suggests
that anticipating a highly predictable word does not automatically trigger
spreading activation to its lexical-semantic associates. Instead, semantic
prediction seems to operate through a constrained mechanism rather than
through automatic spreading activation. In other words, predicting ta:l does
not necessarily lead to pre-activation of paw unless paw is also supported by

the surrounding context (e.g., dog).

One explanation for the lack of CP-only effects could be that the strong
contextual constraint favoring the target word may actively inhibit the
activation of its competing lexical candidates, including semantically related
words, to reduce processing interference. This relates to constraint-based
accounts of language processing reviewed in Chapter |1 (Section , which
assume that multiple representations consistent with the input are activated
in parallel, with their relative activation strength determined by probabilistic
constraints such as frequency, plausibility, and contextual fit (MacDonald
et al., [1994; Trueswell et al., 1994). While such models might predict
activation of target-related associates via spreading activation, the present
results suggest a more selective weighting process: the target receives
maximal activation due to a very strong contextual constraint, CP+Sem
competitors achieve intermediate activation based on partial support, and
CP-only competitors fail to reach threshold. Thus, pre-activation of a highly
predictable word does not automatically lead to the spread of semantic

activation.

Exploratory correlational analyses revealed group-specific associations
between individual differences and CP+Sem anticipation timing. In the
dyslexia group, higher receptive vocabulary was associated with earlier
semantic competitor anticipation, consistent with evidence that vocabulary
knowledge is a key predictor of anticipatory language processing in adults
(Hintz et al., 2017; Huettig & Pickering, 2019; Rommers et al., 2015). In
the L2 group, greater print exposure was associated with earlier CP-+Sem
anticipation, suggesting that accumulated reading experience may support

the development of lexical-semantic networks that enable more efficient
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context-driven activation in this population (cf. Favier et al., [2021; Mishra
et al., |2012, for evidence in L1 populations). No associations were observed
in L1 typical readers, possibly reflecting the more restricted range of both
predictor and outcome variables in this group, or the greater automaticity of
predictive processing in typical native speakers. Together, these findings
suggest that CP+Sem anticipation timing is not consistently explained
by any single individual-difference measure across participants. Rather,
lexical experience appears to influence prediction efficiency most visibly when
processing is less entrenched, with different indices — vocabulary breadth
versus print exposure — being most relevant depending on the population.
Given their exploratory nature and modest effect sizes, these results should

be interpreted with caution.

Phonological form prediction. Turning to phonological prediction, the
current study found no evidence that the phonological form of predicted
words was pre-activated, even under conditions optimized for detecting such
effects (faster speech rate, high predictability). This replicates Experiment la
and extends the null findings of Ito and Husband (2017)), contrasting earlier
reports of phonological pre-activation (DeLong et al., [2005; Ito et al.,
2018, 2020; Li & Qu, [2023; Li et al., 2022). Moreover, the absence of
phonological anticipation should not have been due to stimulus design: in
unpredictable contexts, all groups displayed strong phonological competition,
confirming the validity of phonological competitors. Converging evidence
from a production study by Drake and Corley (2014) points in the same
direction: when a sentence strongly constrains a specific word, naming is
facilitated only when the picture name exactly matches the predicted word,

with no onset /rime benefits for phonological competitors.

One important caveat in interpreting the absence of phonological
competitor activation is that it does not necessarily imply that phonological
form was not pre-activated. = An alternative and somewhat opposing
interpretation is that the target’s phonological form was so strongly

anticipated that competitors were actively suppressed, preventing any
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measurable activation. This possibility mirrors the CP-only vs. CP-+Sem
distinction observed in the semantic domain: while CP-only competitors,
those sharing semantic features only with the target word itself, failed
to elicit activation in highly predictive contexts, CP+Sem competitors
did achieve measurable activation, albeit weaker than the target. This
contrast suggests that the predictive system does not suppress all non-target
candidates indiscriminately, but rather selectively suppresses those lacking
contextual support, while permitting residual activation for items that
are also related to other contextual words in the sentence. Similarly,
recent work by Haeuser and Borovsky (2024) shows that strongly predicted
targets suppress phonological cohorts during word recognition. This is
consistent with Clark’s (2013)) predictive coding theory, which assumes
that the brain continuously generates predictions about upcoming input
and updates them by minimizing prediction error. From this perspective,
the absence of phonological competitor effects in the present data may
reflect not a lack of form prediction but the efficiency of prediction-induced
suppression mechanisms: the system only pre-activates what is useful to
reduce uncertainty. Indeed, interactive accounts such as TRACE explicitly
allow top—down contextual information to influence and modulate cohort
activation in real time (see Section . In our case, if the target is already
near-certain (e.g., 95-100% cloze probability), then pre-activating a wide
set of semantic or phonological associates wouldn’t reduce prediction error
but would consume processing resources. Thus, the system “economizes”
by focusing prediction narrowly on the target. Only when constraints are
weak (as in unpredictable contexts) does the system rely on bottom-up
mechanisms that activate phonological cohorts (Allopenna et al., [1998;
Huettig & McQueen, 2007). In this way, the absence of phonological
prediction can be interpreted not as a limitation of the predictive system,
but as an outcome of its efficiency. The system economizes resources by
deploying spreading activation of the phonological cohort only when it is
needed to support recognition, rather than when context nearly guarantees
the target. This selective deployment is consistent with Hawkins’ (2004,

2014)) broader argument that the language processing system maximizes
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online efficiency by limiting activation to representations that serve
immediate comprehension needs, since preactivating unnecessary candidates

would consume resources without reducing uncertainty.

Unpredictable items. The results from unpredictable items serve as an
important point of comparison. Across all groups, when the target word was
not predictable from the preceding context, participants displayed strong
lexical competition effects, with both phonological and semantic competitors
becoming activated after target onset. This pattern replicates classic findings
from visual-world studies (Allopenna et al., 1998 Huettig & McQueen,
2007)), where lexical access proceeds through bottom—up input, leading to
the initial activation of phonological cohorts and, shortly after, semantically
related words. These competition effects were similar across L1, dyslexic, and
L2 participants, suggesting that the basic architecture of lexical activation
and competition is intact across groups. This semantic activation during
bottom-up lexical access aligns with previous findings showing that lexical
processing automatically spreads to conceptually related items during word
recognition (Huettig & Altmann, 2005; Yee & Sedivy, |2006).

This stands in contrast to the results for highly predictable items,
where anticipatory prediction of the target significantly reduced competitor
activation. The system seems to function in two different modes. When
there are no strong contextual constraints, lexical access is driven from the
bottom up, and multiple competitors are activated simultaneously. However,
when strong contextual constraints are present, lexical access operates from

the top down, suppressing competitors in favor of the predicted target.

Resolution window dynamics in predictable items. Analyzing the
resolution window in predictable items revealed interesting insights into how
competitor activation occurs once bottom-up input is available during the
comprehension of highly predictable sentences. For L1 controls, CP-+Sem
competitors remained active into the resolution window, whereas CP-only

competitors showed no activation, which looks as though only contextually
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licensed alternatives survive integration. By contrast, both individuals
with dyslexia and L2 speakers showed not only CP-+Sem activation but
also statistically reliable activation of CP-only items. This CP-only effect
emerged later (around 300 ms after the target onset) and was weaker than
the CP+Sem activation, which started well before the target, indicating
that the CP-only effect did not reflect anticipatory prediction but rather
post-onset spreading activation from the encountered target. This highlights
a key difference across populations: while L1 controls selectively maintain
activation only for competitors supported by contextual cues, dyslexic and
L2 listeners activate a broader set of semantic associates once the target
is processed. This may reflect greater lexical uncertainty during spoken

language processing in these groups.

The persistence of CP+Sem competitors into the resolution window,
contrasted with the absence of CP-only activation in L1 controls, can be
understood in terms of the interplay between local semantic priming and
global sentential prediction. In the current study, CP+Sem items were
linked both to the predictable target and to other lexical items in the
preceding context. Although they were implausible continuations compared
to the target, this convergence of multiple local semantic relations endowed
them with sufficient activation strength to survive into the integration phase
(though with a much smaller effect size compared to highly predictable
targets). By contrast, CP-only items were linked exclusively to the predicted
target and lacked independent contextual support; as a result, they never
crossed the threshold for anticipatory or integration-phase activation in
L1 listeners. This account resonates with the constraint-based frameworks
reviewed in Chapter [1| (Section |1.1]), which posit that multiple probabilistic
cues jointly determine activation strength during comprehension (MacDonald
et al., [1994; Trueswell et al., [1994). Empirical work by Kukona et al.
(2011])) illustrates this graded interplay of predictive and priming mechanisms.
In their experiments, both sentence-level predictability and verb-based
thematic priming influenced anticipatory looks, with strong competitor

activation when supported by local semantic associations, even if those
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competitors were not the most probable continuations. Similarly, Hoeks et
al. (2004) found that strong sentence-level constraint did not fully override
local lexico-semantic fit, as incongruent items still elicited N400 effects in
constraining sentences. Taken together, these studies suggest that local
semantic relations can sustain activation of semantically related competitors
despite being incongruent with global contextual predictability. This is
consistent with the persistence of CP+Sem activation during the resolution

window in the current study.

The absence of CP-only activation in the population of L1 typical readers
shows that semantic prediction is not an automatic by-product of target
anticipation but depends on converging contextual support. Dyslexic and L2
participants, however, displayed additional CP-only activation post-onset,
which I interpret as lexical-semantic spreading from the encountered target
(similar to the semantic activation in the unpredictable contexts) rather than
anticipatory prediction. This broader post-onset activation likely reflects
noisier or less selective inhibition and greater lexical uncertainty in these
populations. From the perspective of Kukona et al.’s (2011)) distinction
between “exploitation” and “exploration”, L1 typical readers can afford to
maximize by committing to the highly predictable target and suppressing
unsupported alternatives, because their lexical representations are stable and
processing resources are sufficient to handle unexpected input if it arises. By
contrast, dyslexic and L2 participants may adopt a more exploratory strategy,
relying more on the bottom-up input and maintaining access to additional
competitors even after target onset. This exploration ensures flexibility under

conditions of processing difficulty or limited linguistic experience.

Summary. In summary, the present study confirms that prediction of
high-cloze targets is a robust phenomenon across groups, but it also provides
new insights into the extent and selectivity of prediction. First, the CP-only
vs. CP-+Sem contrast demonstrates that anticipating a predictable word
does not automatically spread activation to its semantic associates. Instead,

semantic prediction emerges only when competitors are supported by

241



converging contextual cues. Second, all groups showed semantic competitor
activation, but typical L1 speakers engaged this process earlier. Adults
with dyslexia were significantly delayed, while L2 participants showed a
numerically later onset with high variability, such that the difference did not
reach statistical significance. This delay in individuals with dyslexia suggests
reduced efficiency in predictive processing, where additional time and
contextual input are required before activating broader semantic networks.
Exploratory correlational analyses further suggested that within-group
variability in CP+Sem anticipation timing was partially associated with
vocabulary knowledge in the dyslexia group and print exposure in the L2
group. Third, the absence of phonological pre-activation could be explained
by two competing theories: 1) the phonological form of predicted targets
does not get activated, or 2) phonological activation does happen, but
similar to the CP-only finding, the system suppresses unnecessary activation
of phonological cohorts in highly constraining contexts, conserving resources
and maximizing efficiency. Finally, resolution-window analyses revealed that
individuals with dyslexia and L2 speakers, but not L1 controls, additionally
activated CP-only competitors post-onset, reflecting broader and less

selective lexical-semantic spreading once the target is processed.

Group differences can be understood within the framework of exploitation
versus exploration in predictive processing (Kukona et al.,2011). L1 listeners
adopt an exploitation strategy, committing to the highly predictable target
and suppressing unsupported alternatives, reflecting efficient maximization
under strong contextual constraint. By contrast, dyslexic and L2 participants
display a more exploratory profile, maintaining activation of additional
competitors post-onset. This broader activation may reflect a combination of
noisier or less selective inhibition mechanisms and greater lexical uncertainty,
which together reduce efficiency in narrowing the competitor set. However,
such exploration may also represent an adaptive strategy under conditions
of processing difficulty or limited linguistic experience, providing flexibility
when the input is less predictable. Future research could test this account

directly by manipulating contextual constraint, for instance, by examining
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whether lower-cloze sentences increase exploratory activation of both

semantic and phonological competitors across groups.
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Chapter 5

(zeneral Discussion and

Conclusions

5.1 Methodological Considerations for

Cross-Experiment Comparison

Although Experiments la and 2 address similar theoretical questions about
prediction in spoken language comprehension, design differences preclude
direct statistical comparisons. The two experiments were not initially
intended to be direct replications of one another. Rather, they were
designed to examine predictive processing from different angles and in
different linguistic environments. Comparing them, therefore, provides
complementary perspectives. The goal of this section is to specify what
is comparable, what is not, and how I interpret cross-study patterns in
light of those constraints. Both studies used the Visual World Paradigm
with eye-tracking, recruited parallel participant groups (L1 typical readers,
L1 readers with dyslexia, L2 speakers), and employed highly predictable
sentences (Italian: mean cloze = 92.4%; English: mean cloze = 95%).
Phonological cohort competitors had a comparable proportion of overlap
across languages (Italian = 0.40; English = 0.49). In both experiments,

the language of instructions and testing corresponded to the native language
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of the L1 groups (Italian in Experiment 1, English in Experiment 2). There

were, however, several methodological differences:

1. Target position and sentence structure. Experiment la employed
uniform sentence structures with targets always in sentence-final
position.  This design likely created relatively predictable timing
windows for anticipatory processing, potentially facilitating stronger
or earlier prediction effects. Prior work has shown that listeners can
adapt their predictive strategies based on the statistical regularities
of an experimental context (e.g., Brothers et al., 2017; Fine et al.,
2013). Participants in Experiment la may therefore have developed
expectations not only about content but also about the timing of
critical items. In contrast, Experiment 2 (following Ito & Husband,
2017) implemented more variable syntactic structures, with targets
appearing in different sentence positions. This variability may have
required more naturalistic, adaptive processing, allowing for more
flexible prediction over time. While the more consistent structure
of Experiment la likely promoted stronger or earlier anticipatory
effects, this does not imply a qualitative difference in the underlying
cognitive mechanisms. Prediction is widely viewed as a general,
resource-dependent mechanism that flexibly adapts to contextual
demands without changing its core nature (Huettig, 2015; Pickering
& Gambi, 2018]).

2. Task demands. In Experiment la, participants were instructed to
look at the named object, while in Experiment 2, they additionally
clicked on it (or on the background if absent). The click requirement
introduced a light motor-decision component that could, in principle,
modulate post-onset fixation patterns. However, research using
eye-tracking in sequence learning tasks has demonstrated that
anticipatory eye movements occur with similar frequency and patterns
regardless of whether participants make concurrent manual responses
(Marcus et al., [2006)). Thus, the click requirement should not affect

anticipatory fixations.
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3. Speech rate. Stimuli also differed in average speech rate (Italian
= 5.0 syll/s; English = 3.5 syll/s), reflecting the natural prosodic
characteristics of the two languages.  Because speech unfolded
at different rates, absolute fixation latencies cannot be directly

comparable.

4. Preview time. In Experiment la, pictures appeared 2000 ms before
the target word onset, whereas in Experiment 2 they appeared 2000
ms before sentence onset, resulting in a longer preview period overall.
While a longer preview could influence the strength of phonological
competition, both designs provided ample time for visual encoding of
the display (Huettig & McQueen, 2007) and preserved the predictive

contexts necessary for observing anticipatory eye movements.

5. Apparatus and sampling. Different experimental platforms and
eye-tracking systems were used. Experiment la was designed in Open
Sesame, an open-source tool based on Python (Mathot et al., |2012)),
with eye movements recorded using a Gazepoint eyetracker sampling
at 60 Hz, while Experiment 2 was built in SR Research Experiment
builder and used an EyeLink 1000 Desktop mount eye-tracker for
gaze recording sampling at 500 Hz. These systems differ in sampling
resolution; therefore, as noted above, all analyses were conducted
separately within each experiment, and results are compared only at

the interpretive level (i.e., overall patterns rather than absolute values).

6. Participant characteristics. Beyond methodological differences in
experimental design, the two studies also differed in the sociolinguistic
contexts that shaped participants’ language experience. The Tyrolean
L1 speakers in Experiment 1 were tested in their L2 (Italian) in
South Tyrol, a territory where both languages can coexist in daily
life (see Section . These participants maintained regular use of
both languages, with Tyrolean remaining their dominant language in
terms of daily exposure (67% vs. 20% for Italian; see Table . In
contrast, the L2 participants in Experiment 2 were speakers of Romance

languages living in an English-dominant environment (the UK). These
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participants showed reversed dominance patterns, with higher daily L2
English exposure (72%) than L1 exposure (26%; see Table [£.3).

Importantly, these methodological differences do not compromise the
comparability of core prediction effects, as both experiments maintained
the essential design for investigating anticipatory processing with high cloze
probability contexts. On the contrary, finding that prediction patterns
emerge across different structural implementations would strengthen the
overall conclusions, suggesting robustness of the observed effects. In light
of these considerations, cross-experiment comparisons are interpreted at the
level of general patterns by “reading the two studies side-by-side”. The focus
is on whether the same general patterns replicate: strong anticipation of
high-cloze targets, absence of anticipatory phonological competitor effects,
and delayed anticipatory effects in L2 and dyslexia groups. By contrast,
I do not compare the absolute size of effects or their precise millisecond
latencies, since speech rate, task demands, and hardware differed. Instead,
I concentrate on whether comparable effects are present or absent within
predictive and resolution time windows. In the next section, I use these
principles to bring together results across linguistic levels and participant

groups.

5.2 Integrated Findings Across Experiments

5.2.1 Contextual (Target) Prediction Across

Experiments and Groups

Across both experiments, the results confirm the already established finding
that listeners use contextual cues to anticipate upcoming referents before
their acoustic onset. This is well documented in L1 processing (e.g., Altmann
and Kamide, [1999; Borovsky et al., 2012; Kamide et al., 2003; Kutas and
Federmeier, [2011)), and has also been shown to extend to L2 comprehension
(and, more rarely, to populations with dyslexia) under appropriate conditions
(see Section e.g., Borovsky et al., [2012; Chambers and Cooke, 2009;
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Dijkgraaf et al., 2017 Ito et al., 2018; Tagliani et al., 2025 Van Bergen and
Flecken, 2017| for L2, and Engelhardt et al., 2021 for dyslexia).

In line with this broader literature, both Experiment 1a and Experiment 2
showed anticipatory looks to predictable targets across all groups, indicating
that L2 comprehenders and readers with dyslexia engaged predictive
mechanisms rather than adopting a purely bottom-up strategy. Divergence
onsets were broadly comparable across L1, L2, and dyslexia groups,
suggesting that target anticipation can unfold on a similar timeline
irrespective of language status or reading profile. At the same time, the two
experiments differed in the magnitude of anticipatory fixations to targets
across L1 and L2 speakers. In Experiment la, Tyrolean participants listening
in their L2 ITtalian displayed a shallower build-up of looks to the predictable
target compared to L1 Italian speakers, with lower fixation proportions from
around 800 ms before target onset and a later divergence point (about 250 ms
later than L1 speakers). This timing difference reached the conventional
threshold for statistical significance (p = .05), but should be interpreted
with caution given overlapping confidence intervals and variability in the
estimates. By contrast, in Experiment 2, L2 English speakers patterned more
closely with the L1 group, showing both comparable divergence and similar
overall proportions of target fixations in the anticipatory window. Adults
with dyslexia displayed eye movement patterns broadly similar to those of
typical readers across both experiments: they showed reliable anticipatory
looks and no consistent reduction in fixation proportions, indicating no
pronounced difficulties with prediction for high-cloze contextual constraints
(consistent with Engelhardt et al., |2021)).

So, why did L2 speakers show weaker anticipatory looks in the Italian
experiment but not in the English one? At least two factors likely contribute,
which are not mutually exclusive. (1) Contextual constraint. The Italian
materials had slightly lower cloze probability (mean 92.4%) than the English
materials (mean 95%). Although both values fall within the high-constraint
range and this difference alone is unlikely to fully account for the observed

pattern, it is possible that even a modest reduction in constraint affected
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the L2 group, whose anticipatory looks may reflect greater sensitivity to
contextual uncertainty than those of L1 speakers. (2) Bilingual dominance
and proficiency profiles. As mentioned above (Section, the two L2 groups
differed in language usage patterns. Tyrolean—Italian bilinguals reported
higher daily Tyrolean L1 use and lower Italian .2 exposure and proficiency
(Tyrolean: ~67% daily L1, ~20% daily Ttalian; L2 Italian self-rated mean
proficiency = 4.3 vs. L1 Tyrolean mean = 5.6), whereas the English
L2 group reported higher daily L2 use and nearly balanced proficiencies
(English L2 daily exposure ~72%, L1 ~26%; L2 English self-rating mean
proficiency = 5.1, L1 mean = 5.5). These dominance patterns might explain
why the Italian L2 group displayed weaker anticipatory proportions. With
less exposure and lower proficiency, their lexical-semantic representations in
[talian may be less strongly entrenched, leading to more diffuse activation,
higher uncertainty, and weaker target commitment. This interpretation is
consistent with evidence that (a) vocabulary knowledge supports stronger
prediction, (b) proficient bilinguals can match L1 prediction under strong
constraints, and (c) linguistic experience and higher proficiency boost 1.2
prediction (Borovsky et al., [2012; Dijkgraaf et al., 2017; Tagliani et al., [2025;
Van Bergen & Flecken, [2017)).

Taken together, the findings from both experiments suggest that
contextual prediction is a robust mechanism observed across languages and
participant groups, extending to both L2 speakers and individuals with
dyslexia. Under strong contextual constraint, such anticipatory activation
emerges reliably even when proficiency or processing efficiency is reduced.
However, its strength varies: L2 listeners anticipate upcoming referents with
broadly native-like timing, but the certainty of their predictions scales with

contextual constraint, dominance patterns, and proficiency.

5.2.2 Semantic Competitor Activation

Semantic competitor pre-activation was examined only in Experiment 2, but
the results provide important insights into how prediction unfolds across

groups. While semantic pre-activation has been demonstrated in a handful
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of L1 studies (e.g., reduced N400s to within-category violations in reading:
Federmeier and Kutas, [1999; Ito et al., 2016; anticipatory fixations to
semantic competitors in visual-world paradigms: Ito and Husband, 2017
Li and Qu, 2023} Li et al., 2022; facilitation of related but unpredicted
words in reading: Frisson et al., 2017), direct evidence for such effects in
L2 comprehension is extremely limited (see Dijkgraaf et al., [2019). Against
this background, the present study adds novel evidence by showing that
participants across all groups directed anticipatory looks not only to highly
predictable targets but also to semantically related competitors. This
supports the view that prediction is not restricted to a single lexical item

but can, under certain conditions, extend to related concepts.

At the same time, significant group differences emerged in the timing of
semantic competitor pre-activation. Typical readers anticipated competitors
earliest (about 1900 ms before target onset), whereas both L2 participants
and readers with dyslexia showed delays of roughly one second. For L2
participants, this effect did not reach statistical significance, likely due to
variability within the group, but participants with dyslexia consistently
diverged from unrelated items nearly a second later than controls. These
delays are notable because they were specific to semantic competitor
activation: all groups predicted the highly constraining target words with
similar timing, but neurotypical native speakers were the earliest to extend

this prediction to semantically related alternatives.

For L2 participants, the difference in competitor activation did not reach
statistical significance, so it should be interpreted with caution. Nevertheless,
the tendency toward a later onset of semantic competitor anticipation is
consistent with prior work suggesting that semantic prediction in a second
language may be slightly delayed relative to the L1. Dijkgraaf et al. (2019)
observed weaker and slower semantic competitor effects in Dutch—English
bilinguals, and interpreted this in line with the temporal delay assumption
of the BIA+ model of bilingual word recognition (Dijkstra & Van Heuven,
2002). According to this account, lower subjective frequency of L2 words

leads to slower activation of their forms and, as a consequence, to a delayed
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spread of activation to semantics. Dijkgraaf et al. (2019) also emphasize
that there is no qualitative difference between semantic prediction in the
L1 and L2: both activate the same underlying mechanisms but with subtle
quantitative differences. The present findings are compatible with this view.
Our English L2 participants were highly proficient and reported significant
daily exposure, which may explain why they demonstrated similar target
prediction to L1 speakers. However, semantic competitor pre-activation
might place additional processing demands, and even small differences in
lexico-semantic mappings (Gollan et al., 2008} Gollan et al., |[2005) and word
form activation may have led to a narrower or slightly slower spread of

activation in the L2.

For dyslexia, the present results represent the first direct evidence
concerning semantic competitor pre-activation. Previous studies on
prediction in dyslexia have focused on other domains. Engelhardt et al.
(2021)) used a response-time paradigm to test whether highly predictable
targets were pre-activated, and found that adults with dyslexia did anticipate
targets in high-cloze sentences, but their predictions were less reliable in
lower-cloze contexts. Huettig and Brouwer (2015), by contrast, examined
morphosyntactic prediction via grammatical gender cues and reported
delayed anticipatory effects in adults with dyslexia. To date, however, no
study has assessed whether individuals with dyslexia pre-activate semantic
competitors of an expected word. The current findings, therefore, extend
the scope of research on predictive processing in dyslexia by showing that,
although adults with dyslexia did anticipate highly predictable targets on
time, they were significantly delayed in anticipating semantically related
competitors. This suggests that while strong contextual support is sufficient
to elicit target prediction, the spread of activation to broader semantic

networks is less efficient in dyslexia.

A further insight came from examining the type of competitors that elicited
anticipation. Dijkgraaf et al. (2019) noted a limitation in their study, noting
that semantic competitor effects could have arisen either through spreading

activation from the pre-activated target or through similarity with other
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semantically related words in the sentence. This distinction aligns closely
with the present findings. Only CP+Sem competitors (related both to
the highly predictable target and to other contextual elements) elicited
anticipatory looks. CP-only competitors, linked solely to the target, did
not attract anticipatory fixations in any group. This suggests that strong
contextual constraint do not automatically trigger activation of all lexical
associates of the predicted word. Instead, competitor activation appears
to be selective, emerging when multiple cues are present. This pattern
aligns with constraint-based accounts of sentence processing (MacDonald
et al., 1994; Trueswell et al., |1994), in which candidate activations are
weighted by their degree of contextual support: the target receives maximal
activation, CP-+Sem competitors achieve intermediate activation, and

CP-only competitors fail to reach threshold.

Thus, the findings suggest that predicting a single highly probable target
is relatively robust across populations, whereas extending prediction to
semantically related alternatives is more demanding and therefore more
vulnerable to group-level differences. The fact that all groups showed the
same qualitative pattern of competitor activation — facilitating CP+Sem
but not CP-only competitors — suggests that the predictive mechanism
itself operates similarly across groups, with differences arising in efficiency
or speed rather than in the fundamental architecture (cf. Dijkgraaf et al.,
2019; Engelhardt et al., 2021; Kaan, 2014). As shown in Section m
the timing of semantic competitor activation was not predicted by any
cognitive or reading-related individual-differences measure in the present
battery for the sample as a whole. However, group-specific analyses revealed
the following pattern: within the dyslexia group, higher receptive vocabulary
was associated with earlier CP-+Sem anticipation, while within the L2 group,
greater print exposure predicted earlier activation. The absence of significant
associations in typical L1 readers may reflect the more restricted variance and
greater automaticity of predictive processing in this group. Taken together,
these findings suggest that lexical experience modulates prediction efficiency

most visibly in contexts where that experience is less uniformly high across
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individuals (L2 speakers and individuals with dyslexia). This pattern is
consistent with evidence that vocabulary knowledge and cumulative language
exposure support anticipatory language processing more broadly (Favier et
al., [2021; Hintz et al., 2017; Huettig & Pickering, 2019; Rommers et al.,
2015)).

Moreover, the finding that only CP+Sem competitors elicited anticipatory
looks indicates that semantic spread is not automatic: unsupported
competitors appear to be suppressed in high-cloze contexts. This suggests
that predictive processing is selective, weighting candidates by contextual
support rather than indiscriminately pre-activating all associates of the
predicted word. The analysis of the resolution window further highlights
these dynamics. Once bottom-up input became available, L1 controls
maintained activation only for CP+Sem competitors, whereas CP-only
competitors remained at baseline. Although the CP+Sem items were not
viable continuations, they had local support, linking to both the predicted
target and other words in the previous context. This support seems sufficient
to sustain their activation briefly into integration. This selectivity for locally
supported competitors in L1 aligns with accounts in which local semantic
fit can maintain activation despite low global plausibility (Federmeier et al.,
2007; Ito et al., |2018). By contrast, both L2 participants and adults with
dyslexia showed not only CP-+Sem activation but also reliable post-onset
activation of CP-only competitors. This effect emerged later (roughly
300 ms after target onset) and was weaker than the CP+Sem activation,
consistent with lexical-semantic spreading from the encountered target
during routine word recognition rather than anticipatory prediction. From
a theoretical standpoint, these results support the view that L1 listeners use
strong contextual cues to maximize efficiency by committing to the predicted
target, whereas L2 and dyslexic listeners engage in a more exploratory
strategy, tolerating additional competitor activation as a safeguard against

processing uncertainty (Kukona et al., [2011)).
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5.2.3 Phonological Competitor Activation

Across both studies, I found no evidence that the phonological form of highly
predictable words was pre-activated before acoustic onset. In Experiment 1a,
anticipatory looks to phonological competitors did not exceed unrelated
baselines in any group, and phonological competitors remained inactive
during word recognition in the resolution window of predictable items. A
parallel pattern emerged in Experiment 2: anticipatory phonological effects
were absent, and phonological competitors did not show above-baseline
activation during the resolution window of predictable sentences. Although
some studies report phonological pre-activation, a recent meta-analysis by Ito
(2024)) indicates the effects are small and highly design-sensitive, modulated
by contextual constraint, preview timing, and degree of overlap, with both
null and positive anticipatory findings reported (nulls: Ito and Husband,
2017; Nieuwland et al., 2018; null in L2 population: Ito et al., 2017b;
positives: DeLong et al., 2005; Ito et al., 2018, 2020; Li and Qu, [2023}
Li et al., [2022).

A key limitation of Experiment la is the absence of an unpredictable
control to test for general cohort activation during word recognition. Thus,
null effects in predictable sentences could reflect insufficient form overlap
between targets and competitors, as overlap magnitude is a known moderator
of cohort activation (Ito, 2024)). Experiment 2 addressed this by including
a block with unpredictable sentences (“If there is one, click on a picture
of a ...”). In these contexts, all groups showed phonological cohort
competition after target onset, confirming that the phonological competitor
manipulation and stimuli were effective and that null findings in predictable
sentences are not attributable to invalid competitors. Importantly, in both
experiments, phonological overlap and temporal alignment were defined with
respect to the acoustic signal actually perceived by listeners, based on
broad phonetic transcriptions of the recorded utterances (Heselwood, 2013)
rather than dictionary forms — an aspect that is rarely reported in the
prediction literature. Explicit control over these parameters is important

for interpreting phonological prediction effects, given growing evidence that
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speech rate modulates predictive processing, particularly in L2 speakers and
populations with reduced processing efficiency (Fernandez, Hadley, et al.,
2025; Fernandez et al., 2020)).

Simulation-based power analyses indicated that Experiment la had low
power (estimated power = 22.8%), primarily due to high residual variance
and a limited number of effective observations per condition, whereas
Experiment 2 provided a considerably more sensitive test (estimated power
= 86.9%). This represents a substantial improvement over Experiment la,
reflecting both the larger sample and lower residual variance afforded by the
higher temporal resolution of the EyeLink 1000. Moreover, the convergence
of null phonological prediction effects across two independent experiments,
each with different samples and designs, adds evidential weight to this pattern

beyond what either study could provide alone.

I consider two possible explanations for null phonological effects in
predictable contexts. (1) Lemma-only prediction. On this view, prediction
remains at the semantic/lemma level under strong constraint, so no
cohort-level phonological effects can arise (Nieuwland et al., [2018).
This remains a theoretical possibility for comprehension, but evidence from
production studies argue against a lemma-only view: in a sentence-to-picture
naming task, Drake and Corley (2014) showed that strongly constraining
contexts sped naming when the picture’s name exactly matched the
predicted word, indicating that predicted words reach the phonological
level (see pages 45-46). (2) Predictive suppression under high constraint.
Alternatively, the target’s phonological form is pre-activated, but strong
context quickly narrows processing to the expected word and down-weights
activation of phonological neighbors, leaving no measurable cohort
advantage even after word onset (see also Haeuser & Borovsky, 2024).
Experiment 2 supports the suppression-compatible view since identical
cohort competitors were activated in unpredictable sentences for all groups
but not in highly predictable contexts. Evidence from production studies
complements this pattern: sentence constraint facilitated naming only when

the pictured object’s name exactly matches the predicted word, with no
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onset /thyme benefits for phonological neighbors (Drake & Corley, 2014).
Distinguishing between these two accounts will likely require other methods
like reaction-time paradigms that parallel production evidence without
requiring articulation (see Future Directions . Both accounts align
with interactive feedback models, in which top-down context influences and
narrows lexical competition (e.g., TRACE), as well as with predictive-coding

theories that interpret this narrowing as a reduction in prediction error
(Clark, 2013; McClelland & Rumelhart, [1981)).

In short, the present results suggest that predictive processing during
spoken comprehension rarely extends to pre-activating phonological
competitors of highly predictable targets under strong contextual
constraint. When constraint is high, the system narrows activation to
the target and down-weights competing cohorts, producing no detectable
phonological competitor looks even post-onset. This pattern aligns with the
CP+Sem/CP-only findings in the semantic domain: only competitors with
additional local support (CP+Sem) get preactivated, whereas unsupported
alternatives (CP-only) do not. When constraint is low (unpredictable
contexts), bottom-up dynamics re-emerge uniformly across groups activating
both phonological cohorts, as well as semantic competitors. Together, these
findings argue for a selective use of phonological activation: it is readily
observed as part of bottom-up access, but does not routinely arise as a
predictive mechanism in highly constraining sentences. This pattern aligns
with Hawkins’ (2004, 2014)) proposal that efficient language processing
systems maximize online access to what is needed while minimizing

activation of what is not.

5.2.4 Morphosyntactic Prediction

The results of Experiment 1b expand our understanding of predictive
processing by targeting morphosyntactic cues, specifically grammatical
gender. This type of prediction was tested only in the Italian experiment, as
English lacks a system of nominal gender agreement on determiners necessary

for an equivalent manipulation. Unlike contextual and semantic prediction,
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which reliably generated anticipatory eye movements, gender-marked
determiners in Italian did not elicit anticipatory looks across any group. The
absence of anticipatory effects is not unprecedented. Some studies report
early gender-based prediction in both L1 and L2 comprehension, though
with temporal delays in L2 comprehension (e.g., Bosch & Foppolo, [2022;
Dussias et al., 2013; Hopp, 2013, 2018)), while others have failed to observe
such effects in second language speakers (Lew-Williams & Fernald, 2010).
I do not rule out that the reason for the lack of prediction in the current
paradigm is a short determiner-noun interval (mean = 450 ms), which
leaves limited time for pre-activation to manifest in eye movements. By
contrast, studies that inserted longer pauses or intervening material often
found anticipatory effects (e.g., Bosch & Foppolo, [2022; Huettig & Brouwer,
2015). Thus, the present results closely align with accounts that emphasize
the time- and resource-dependent nature of prediction (Ito et al., 2016;
Pickering & Garrod, |2013). Morphosyntactic features may be pre-activated,

but the window for detecting them behaviorally is narrow.

Instead, facilitation effects appeared post-onset for the neurotypical L1
and L2 groups, who oriented their eye gaze more rapidly to the target noun
once it was heard in the presence of a disambiguating determiner. These
findings suggest that morphosyntactic cues may aid lexical recognition.
That is, determiners likely narrowed down the set of possible continuations
in advance, even if anticipatory looks were not captured. This interpretation
resonates with ERP findings where gender-mismatched articles or adjectives
elicit enhanced negativities relative to gender-matched ones. Such
effects have been taken as evidence that comprehenders pre-activate
morphosyntactic features of an upcoming noun, such that violations of these
predictions trigger increased processing costs (e.g., Foucart et al., 2014;
Ito et al., 2020; Otten & Van Berkum, 2009; Otten et al., 2007, Wicha
et al., 2004). However, it is important to note that many ERP paradigms
assess responses after word onset, leaving open whether the observed effects
truly reflect pre-activation or rather facilitated post-lexical integration.

As Pulvermiiller and Grisoni (2020) note, ERP responses observed several
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hundred milliseconds after stimulus onset are difficult to interpret as
unequivocal evidence of prediction, since prediction by definition must occur
before the critical input is encountered. Instead, N400 reductions may be
more conservatively interpreted as reflecting the consequences of prediction,
such as faster access or easier integration, rather than unambiguous proof of
anticipatory activation. In this respect, the post-target facilitation effects
observed in the present study parallel the logic of much ERP work: they
demonstrate that gender cues shaped subsequent word recognition, even if
no anticipatory eye movements were visible before target onset. Importantly,
L2 participants benefited from these cues to the same temporal extent as
L1 speakers, indicating efficient use of morphosyntactic information in real
time. At the same time, similar to what I observed during contextual
prediction in Experiment la, their gaze distributions were more diffuse,
consistent with broader evidence of less selective allocation of attention in
L2 comprehension due to reduced certainty (Corps et al., 2023; Mitsugi,
2020)).

By contrast, individuals with dyslexia showed no facilitation. This finding
is particularly striking given the extensive evidence reviewed in Section|1.4.2
which showed that individuals with dyslexia struggle not only with offline
grammatical tasks but also with real-time comprehension of structures
involving long-distance dependencies. The present results demonstrate that
these difficulties extend to the rapid integration of grammatical gender
cues during spoken language processing, suggesting that dyslexia affects
the ability to exploit morphosyntactic information incrementally as it
unfolds in the speech signal. This suggests that prediction delays in
dyslexia are not confined to semantic competitor activation, as observed
in Experiment 2, or contextual anticipation in lower probability contexts
(Engelhardt et al., 2021), but extend to morphosyntactic cues as well,
supporting findings by Huettig and Brouwer (2015). Omne possibility is
that the short determiner-noun interval particularly disadvantaged this
group, whose predictive processing has been shown to emerge only under

supportive conditions. Alternatively, reduced verbal working memory, a
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cognitive factor consistently associated with dyslexia (Reis et al., 2020;
Smith-Spark et al., 2003), has been proposed as a predictor of predictive
processing efficiency in neurotypical adults: Huettig and Janse (2016) found
that higher working memory capacity predicted more efficient anticipatory
eye movements during grammatical gender prediction in Dutch, while Li
and Qu (2023)) demonstrated that high-span participants initiated semantic
prediction approximately 500 ms earlier than low-span participants in
Mandarin comprehension. However, it should be noted that working memory
accounts are most compelling when information must be maintained over
longer processing windows. Given the short determiner-noun interval of the
present paradigm, it is less clear that working memory capacity was the
primary limiting factor here. More broadly, whether the absent facilitation
reflects a deficit at the level of morphosyntactic representations, limitations
in phonological encoding of agreement cues, or an interaction between the

two remains an open question.

Finally, the lack of cross-linguistic congruency effects in Italian L2 speakers
suggests that grammatical gender information from the Tyrolean L1 did not
modulate online processing in this task. One possibility is that the mixed
design with both congruent and incongruent items led participants to learn
that cross-linguistic gender cues were not consistently reliable, and therefore
to suppress. While speculative, this interpretation would suggest that
predictive processing is sensitive to cue reliability and may be strategically
reduced when cross-language overlap is inconsistent. However, because
anticipatory use of gender cues was not observed even in the L1 group,
the null effect cannot be taken as conclusive evidence that cross-linguistic

morphosyntactic prediction is absent.
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5.3 Limitations and Future Directions

5.3.1 Limitations

Several limitations of the present work should be acknowledged. First, the
two main experiments differed in a number of design features, such as
target position, syntactic variability, preview time, and task demands. These
design differences were not deliberate manipulations, but stem from the fact
that Experiment 2 closely replicated an existing paradigm (Ito & Husband,
2017). The goal was not to create identical experiments for direct statistical
comparison, but rather to test similar predictive mechanisms across different
linguistic environments. A detailed discussion of methodological differences

is provided in Section [5.1

A further consideration concerns the short determiner—noun interval
in Experiment 1b. As discussed in Section prior studies reporting
anticipatory gender effects typically extended this interval through
intervening adjectives or prosodic manipulations, which Italian sentences
offer fewer opportunities to do without introducing additional grammatical
gender cues. The absence of pre-target effects may therefore partly reflect
the limited time available for anticipatory processing rather than an absence
of morphosyntactic prediction per se. That said, this cannot fully account
for all null findings: gender cues were successfully integrated post-onset
by neurotypical L1 and L2 participants in the same paradigm, and the
absence of such facilitation in the dyslexia group is more consistent with a

processing-related explanation than with a timing artifact alone.

Another methodological concern relates to the scoring of the
word/non-word reading tasks in Experiment 1. Italian word and
pseudoword reading were evaluated by the author (a non-native Italian
speaker trained by a native), whereas German word reading was scored by
a native speaker of Standard German following standardized test guidelines.
Nevertheless, participants with dyslexia consistently scored lower than

typical L1 and L2 readers, in both accuracy and speed, suggesting that
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the group differences were captured reliably. Future work could benefit
from independent coding by multiple raters to establish higher reliability.
In Experiment 2, by contrast, the English reading tasks were scored by a

native English speaker according to standardized criteria.

The composition of the dyslexia sample also imposes some limits.
In Experiment 1, the dyslexia group was small, consisting of only 12
participants, which constrained statistical power. This limitation was
addressed in Experiment 2, where the dyslexia sample was larger and
thus provided a more reliable test of predictive processing. Moreover, in
both experiments, the participants with dyslexia were university students
and therefore likely represented a relatively compensated subgroup of the
dyslexic population. It remains unclear whether the same predictive patterns
would generalise to individuals with more severe or uncompensated reading
difficulties.

A further limitation concerns the language of instructions across
experiments. In both studies, all instructions were presented in the test
language (Italian in Experiment 1, English in Experiment 2), both in written
form on the screen and orally by the experimenter. This ensured task
comprehension for all participants, but for L2 speakers it may also have
promoted activation of the test language prior to task onset, consistent
with the concept of “language activation mode” in bilinguals (Grosjean,
2001). I was not in a position to provide instructions in participants’
other language(s), which constrained this methodological choice. While
such activation mode effects cannot be ruled out, it is important that
the mode of presentation was consistent within each group. While recent
evidence indicates that cross-language prediction effects in bilinguals are
strongly modulated by experimental language context and emerge primarily
under conditions of high lexical predictability (Yin & Pickering, [2026), the
relevance of language-mode effects may differ across experimental designs.
In Experiment 1b, which investigated cross-linguistic grammatical gender
congruency, the critical sentences were non-predictive with respect to

upcoming lexical content. Under such conditions, the extent to which
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cross-language activation contributes to anticipatory gender processing is
unclear. Thus, future work could directly manipulate language context
(e.g., one-language vs. two-language instruction) under otherwise identical
non-predictive conditions to more explicitly test the interaction between

contextual language activation and grammatical prediction.

A further consideration concerns the typological profiles of the
languages tested.  Engelhardt et al. (2024 argue that speakers of
verb-medial (SVO) languages (e.g., English) may rely more strongly on
predictive processing strategies than speakers of verb-final (SOV) languages
(e.g., Japanese). This is because, in SVO languages, the verb appears
earlier in the sentence and provides information about the event being
described, including which types of arguments are likely to follow, allowing
comprehenders to form more specific expectations about upcoming input.
In contrast, in verb-final languages, this information becomes available
only at the end of the clause, which may reduce opportunities for early
prediction and increase reliance on maintaining information in memory
until integration can occur. While Italian is a canonical SVO language,
Tyrolean, spoken by the L2 group, is genealogically related to Bavarian
— a southern Germanic variety analysed as exhibiting SOV base order
with verb-movement to second position in main clauses (V2) (see Bayer,
1984; Grewendorf & Weiss, |2014, on Bavarian syntax). This typological
asymmetry could, in principle, influence comprehension strategies between
the two groups. However, Engelhardt et al. acknowledge that languages
which do not fall neatly into either the SVO or SOV category present a more
complex picture, where the relationship between word order and predictive
processing is less straightforward (see also R. P. Levy & Keller, [2013).
In addition, it remains unclear how experience with a second language,
particularly one with a different typological profile, may modulate prediction
strategies in the native language, which is directly relevant to the present
study, given that the Tyrolean-speaking participants are also proficient

Italian speakers.

Finally, the operationalisation of phonological similarity was simplified.
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Although phonological overlap was computed on the basis of broad phonetic
transcriptions of the recorded utterances, ensuring alignment with the
acoustic signal perceived by listeners, competitors were still defined using
a string-based proportion of overlap on symbolic phonemic representations
(Simmons & Magnuson, 2018). While this method aligns with prior
visual-world studies, it treats phonemes as categorical symbols and therefore
does not capture graded phonological similarity or phonetic/acoustic
distance. Other approaches exist that estimate similarity from articulatory
features or from how sounds pattern in actual speech (e.g., variation across
dialects or acoustic measurements) (e.g., Kondrak, [2003; Wieling et al.,
2012). Future work could incorporate feature-weighted or acoustically
grounded measures to examine whether finer-grained similarity metrics

explain additional variance in fixation behavior.

5.3.2 Future Directions

The present work opens several avenues for further investigation. First,
future studies should systematically manipulate contextual constraint. Both
experiments presented in this work relied primarily on high-cloze materials.
While such contexts maximize the likelihood of observing anticipatory effects
on the predicted target, as we have observed, they may paradoxically reduce
evidence of competition, because a highly predictable target can dominate
processing and suppress activation of alternative candidates. To fully capture
the dynamics of semantic and phonological competition, future studies should
extend these paradigms to lower-cloze contexts, where target predictions
are weaker and competitors may have more opportunity to surface. In
such designs, it would be informative to introduce graded phonological
overlap conditions analogous to the Cp+Sem versus Cp-only manipulation
in Experiment 2. For example, one competitor could overlap only with the
predicted target, while another could overlap both with the target and with
an additional contextually licensed word. This would allow researchers to test
whether phonological activation remains confined to the exact-match form,

or whether it can spread more flexibly when reinforced by multiple links.
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Moreover, future work could adopt more precise measures of phonological
similarity, which go beyond categorical overlap and are sensitive to graded
phonetic or acoustic distance (e.g., Kondrak, 2003} Wieling et al., 2012).
A further extension would be to compare onset-based competitors with
rhyme-based competitors, to determine whether prediction engages different

types of phonological overlap.

Another promising direction would be to adapt reaction-time paradigms
that parallel production evidence but do not require articulation. For
instance, lexical decision tasks following constraining sentence contexts
could test whether facilitation emerges only for exact matches or also
for phonological neighbors. Such methods would provide a more direct
comprehension analogue to production findings (Drake & Corley, [2014)
and could help adjudicate between lemma-only and suppression accounts

of phonological prediction.

The lack of cross-linguistic grammatical gender activation found in
Experiment 1b highlights the need to examine how reliability and
consistency of cues shape predictive strategies. It would be informative
to compare purely congruent contexts, purely incongruent contexts, and
mixed contexts (like the one tested here). Such contrasts could test
whether the system adapts its reliance on cross-linguistic cues according to
their contextual utility, and whether adaptability differs by proficiency or

dominance profiles.

5.4 Conclusion

The aim of this dissertation was to investigate how predictive mechanisms
operate in spoken language comprehension across semantic, phonological,
and morphosyntactic levels, and how these mechanisms vary in adults with
dyslexia and in second-language speakers. To my knowledge, this is the first
work to examine all three representational levels while including both L2
speakers and adults with dyslexia alongside typical L1 readers. Although

the experiments differed somewhat in their design, this variation is not a
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limitation but a strength: predictive effects were observed across tasks and
contexts, highlighting their robustness rather than being tied to a single

paradigm.

By examining adults with dyslexia and L2 speakers, this dissertation
was able to address questions about prediction that cannot be answered
through typical L1 populations alone. Both groups engaged prediction
but showed reduced selectivity. For L2 speakers, reduced selectivity may
reflect weaker or less entrenched lexical-semantic links in the L2, a broader
reliance on surface-level cues when comprehending in their second language,
or the structural properties of the L2 lexicon itself. In both experiments,
there was no consistent evidence for group differences in onset timing of
target preactivation. In Experiment 1, L2 participants showed a later
divergence point (approximately 250 ms), whereas no such timing difference
was observed in Experiment 2. This discrepancy may be related to language
dominance, with L2 speakers in Experiment 1 reporting greater daily use of
their L1. For individuals with dyslexia, reduced selectivity may arise from
noisier phonological representations or broader cognitive resource limitations.
In both groups, prediction was present but less efficient, with greater
uncertainty in narrowing down alternatives and measurable differences in
either timing or fixation proportions compared to L1 typical readers. There
is still an open question of why these group differences occur. Addressing
this will require future research, ideally combining behavioral methods with
neuroimaging and other approaches to uncover the neural mechanisms and

resource demands that shape predictive processing.

Beyond group comparisons, the present findings contribute to a
more refined understanding of semantic prediction as a psycholinguistic
phenomenon.  Although prediction was consistently initiated by highly
constraining semantic contexts, its spread beyond the target word differed
across representational levels. Anticipatory effects extended reliably to
competitors that were semantically related to the target and supported by
the sentence context (CP-+Sem), whereas prediction did not consistently

propagate to phonological cohorts or to target-related competitors that
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lacked contextual support (CP-only). This CP+Sem/CP-only dissociation
shows that semantic pre-activation is not a product of indiscriminate
spreading activation from the predicted word. Instead, it is selective: only
competitors that are independently supported by the sentence context
achieve above-baseline activation. This selectivity has direct implications
for theoretical models of predictive processing. It argues against prediction
as simply propagating outward from the most activated lexical item,
and supports constraint-based views in which multiple contextual sources

converge to license activation.

Another contribution concerns how the prediction system operates
more broadly. = The combined pattern across semantic, phonological,
and morphosyntactic levels suggests that predictive processing is not
only selective but also efficiency-driven. = Rather than activating all
related representations, the system appears to prioritise those that
reduce uncertainty in the current context, while suppressing or bypassing
alternatives that would not contribute to successful interpretation. This
perspective also offers a reinterpretation of null phonological effects under
high constraint: rather than indicating that prediction failed to reach the
phonological level, such absences may reflect the system operating efficiently,
suppressing activation of alternatives that would not reduce contextual
uncertainty and impose unnecessary processing costs. This dissertation thus
advances theoretical accounts of prediction as adaptive, context-sensitive,
and efficient, while providing new evidence from under-studied groups that

extends these accounts beyond the typical L1 population.
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A.2 Experimental Sentence Transcriptions -

Experiment 1a

Table A.2: Phonetic transcriptions of experimental stimuli.

# Phonetic Transcription

1 [nel' filmdafs'ts: jone le'rore sfud3d3 e esi lantjadalla e:reo konumparaka'du:te]
2 [lelettri' tfl sta sostitu'izfeillampa'dairjo e'salesulla'ska:la]

3 ['martapre'paralafrit'taita e'metteun filod'ozljo nellapa'della]

4 ['vadoigkkam'papn:a eped'da:loperki'lommetri 'sulla'mi: abltjl kletta]

5 ['dompola’ ppd3d3 akonil'sole al' tSJamoK £rokk:i eve'djammolarkoba'lemo]
6 [ilbam'bimno at'tanta'tosse ed'derve'prendereloff:i'Toppo]

7 [la'pikkrolabambima 'ri:defeli: tje esi'dondolasull:alta'lemna)

8 [perleva’ kantse 'vadonelde'zerto eka'valkounkam'mzell: o]

9 [ibam 'bini' d30 kanoin' spjad3d3 a ekostru 'izskonoka'stelli]

10 ['prendoap'punti e'makkjo il'mizo'azbito konlin'kjostro della'pennal)

11 [lawra sipre'pa:raperilna'ta:le ea'ttakkale' kaltstsie alka'm: ino]

12 [f1'n1skolatj tfe'na e lajf'ounadg'ene ro:za mantfa alkame'rje:re]

13 [ko'noskoun'ottimokazej fiz tfo ‘dozve'kompro ‘'sempre ilfor' mad3d3 o]

14 [ve'romnikasi'trukk:a££:i'okk:i esul'koll:osi ‘sprutsts:ailpro’ fumo)

15 [unutj tj ellorak'k:o£4:ela'paf£1a ekkrostru'iffzeil nirdosul l:albero]

16 [a‘htjevaxlets ts:Jo:ne es'kri:veiswojap punti inugkwa'derno]

17 (la'serra'vardoa'korriere e'teygoiltelefo'nimoin'taska]

18 [la'nottze 'sentounfasti'djo:zoron 'dzizo e'vengo'punta daunadzdz:an dzara]
19 [akkapo'danno ira'gatsts:isidi'vertono afarskop'pijaireipe tardi]

20 ['pjertro apreunabot tif£:adispu'mante effrasal'ta:re'viail'tapp:o]

21 ['me:skoloilmine'strome e'ko:prolapentolakonilko'perkjo]

End of table

314



Appendix B

Stimuli for Experiment 1b
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Appendix C

Stimuli for Experiment 2
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C.2 Experimental Sentence Transcriptions -

Experiment 2

Table C.2: Phonetic transcriptions of experimental stimuli.

# Phonetic Transcription

1 [@okom pjute'pomte 'dazntmu:v a:l'ovtom:i iz'muiviy demauvz kwikli]

2 [3o'tuorists 1k'spektidrem wendosan wentbr'hamddeklavds batde'wedo gat'beto'lerto]

3 [z2'mi:lio gater'drarviy'laisns ondwilbathoouvnkarte marou]

4 ['diden gatlast'toder soute'mareu hirwiljuizhizmeep tofamderwer]

5 Item removed during stimulus cleaning.

6 [zetdotrem 'sterfon doke' mjurtoza:'rafiy tobarer' tikit br'fo:dotrem lirvz)

7 [@o'restrant 1z'o:lwerz'bizi soulitou wilbuker 'terbol fo:dohou] 'feemli]

8 [kert 'drdntlatk'kofi soufir'ordod okapoftis wibhs:kerk]

9 [megwilgoutedepaik tewo:khodag disa:fte' nuin]

10 [domou] waz'digmersmo:lhoul mdobaekjad]

11 ['hrermdenozavtsarddo klaisrom Jo 'lekt foroklouzddodo: soudeetdo'stjuidonts
keaen'kansentrertbeto]

12 ['pirpelsor Jof3:st'spersfip deet'leendid andomuin mdespersmju: zizom]|

13 ['maregatkeuvld endheezer' ranmouz ondsovdezhs:'brade]

14 [rovzkvdentit nuidelz 'juiziy'tfapstiks soujurzderforkin'sted]

15 [wenits'sant seoro'o:lwerz'kavozh3a:hed ond normeliweoz er'bersboilkeep aut'sard]

16 Item removed during stimulus cleaning.

17 [for'krismosdo tfildrona: heeygmgbelzandotri: ond'putmde'stakiyz bardofaro)

18 [to'frrfdokerk 'ska:litspred dowrtkrirm'smu:dlr 'svvodotap]

19 [soufitkudrabaut enmmi'sterksmhonouts befdisardidtorartwifer pensol
fororlhoklazsizdist3im)

20 ['heert m'tendz topro'pouvzte’emil ondgivhodoriy an'saetod]

21 [zezerlarftaimvedsr teorion a'livie dasntmiziztigmizt seto:l]

22 [do1ks pensivwam zmerdfram'spefoltaipavgrerp deetizgrouvnovnlt mdesavbavirams]

23 [andde'atlond dzmmwent'swimiy endgater' santeenaetdobirt 'arftodzasttuiavoz)

24 [Botfarldbr lirvddeet'seentoklorz wod kamimtuzthehavz davnde't/mmniset midnart]

25 (00 traevolowenttodo'dezot br'kaz hi:'wantidtorarder keemol ondgoutk'splo:riy]

26 [kimfasndderuim waztuthatend hjummid sev tegetsamfrefeo [1:'ovpondde windeu'fuli]

Table continues on the next page
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Table C.2: Experimental sentence transcriptions — continued

# Phonetic Transcription

27 [m'stedav'sendmaen'immerl 'elr dr'sardidterart er'leto toho'sists]

28 [meenr' ms:dzenst wi:'keenatjuizerlift m'sted wimi:dtoju:zdesteozfs:'avo'serfti]

29 ['heenobrorte'keelondo ondhagrtandowon:l neksttohodesk]

30 [@okeemp'lizdo tortt'[1ldron hautoprt| ertent andesoun)

31 [0:18o1m 'plotezhie haev'servigokaunts setdosemmbeeyk forsam 'rizon]

32 [luzslasthiz memrr br'kazavde'deemidztohizbrem framhizstrouvk|

33 ['vamolotleftdo'ds:tiplerts ondkaps mdesimk o:lder]

34 [ifjuiput'wortomnde'friizo twilbr'kamais wr'dmerfjuzavoz]

35 [mmdo'tents leson loironhitdobo:l wibhe'reekit 'vertha:d]

36 ['keeronkudnatgetdo'valibozlfat 'suvedenet sezfirwazsmo:l]

37 [dowebheedbimspan baierla:dz'spaide ondrtheedo:l' redikort erlatav'msekts]

38 [seemdidntnovdetamm br'kazhfe'gattowes hizwat[te'der]

39 [for'veelontamzder dzaniz'gouty tebathiz'gs:lfrend erbou'keravflavez ondsam'tfaklots]

40 [br'for'sitigdavn dzemheedtopulapertfeo ondfamdspeisaetdo'terbol]

41 [Baskrimnfrovze'gen sou'loredi'saidid teri:'buitdekem pjuite 'aifte wertmforha:feenave]

42 [@obout 'gremsfolr'driftid davnde'rve sezde pirpolwat|t]

43 ['sendrio kudontsizwel br'kazdesan wazimhoarz wailfirwaz'drarviy)

44 [dzetdaglukssou'heepr 'weeagmtsterl sezrtworkso'lan]

45 [theedbimn ' remmy hevilr ond'dzo:dzizbuits wsi'kavedimmad framhizlagwo:k]

46 [luzkwenttods latbrorian'6s:zder batounli'barevd wanbuk forhize'sammont]

47 [mazktraidtersepaphiz'prezont bat'kvdentkatde peipe wifdoblant'sizez'verr iizili]

48 [domeenwaz'gaedormghant wenhirwazstay barerbi: endgerverkrar]

49 [br'kaz pirtewantste'traevelafpik 'tetkigerkout| wodbirmorks'pensiv Jon'terkigertrem
to'landen]

50 ['rorrwenttodoap tifonzla:stwik endtfovz emjurpesav'glasiz forhim'self]

51 ['helonwaz'haggrr soufiimerdhs:'self er'berkon'seenwitf wifeirfrardegondt/ips]

52 [0o'Tanoz amnatse'pevzd testa:t antildedzadzblovzarwisel setdebr gmmavderers|

53 [doskrimn t3mdit'selfaf bi'kazdo leeptap heederflaet beetrio'gen]

54 [0o ' wumeon 'kuvdontfamder 'pi:lomde kit fon sou[i:pi:lddi'sepol 'juizigemarfframdodro:]

55 [do1g'zeemin'valvz latsav'kampleksmaltipli'kerfononddi'vizon sou'stjuidentsae'lavd

tojuiz a'keelkjulerto foreniavde'kwestfonz]

Table continues on the next page
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Table C.2: Experimental sentence transcriptions — continued

# Phonetic Transcription

56 [tomerk'suzf1 dofefwenttodo mazkit tobarsamfif '3:lunde' momiy]

End of table
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Appendix D

Statistical Model Specifications.

Experiment 1la
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Appendix E

Statistical Model Specifications.
Experiment 1b
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Appendix F

Statistical Model Specifications.

Experiment 2
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Appendix G

Correlations. Experiment la

Table G.1: Correlations between mean divergence point to target and
language background (LEAP-Q) variables for the Tyrolean L1 / Italian L2

group.

Variable r P

Daily Italian exposure 0.281 0.275
Self-rated L1 (Tyrolean) proficiency  0.076  0.757
Self-rated L2 (Italian) proficiency 0.191 0.434
Years of Italian use (school/work) 0.034 0.893
Age of Italian acquisition -0.222 0.361
Daily L1 exposure -0.061 0.815

Note. Pearson correlations between target divergence point and individual-difference
variables assessed via the LEAP-Q. No correlation reached statistical significance
(p < .05).
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Appendix H

Correlations. Experiment 2

Table H.1: Correlations between CP-+Sem divergence point and LEAP-Q
variables for the L2 group.

Variable r P

Daily English exposure 0.143  0.530
Years in English-speaking country 0.527  0.008
Self-rated L1 proficiency —0.271 0.200
Self-rated English proficiency —0.260 0.220
Years of English use (school/work)  0.294  0.163
Age of English acquisition 0.217  0.309
Daily L1 exposure —0.135 0.530

Note. Pearson correlations between CP+Sem divergence point and LEAP-Q
individual-difference variables. No correlations reached statistical significance (p < .05).

Table H.2: Correlations between target divergence point and
individual-difference measures across the full sample.

Variable r P

RAN Letters (rate) —0.059 0.574
RAN Digits (rate) —0.001  0.990
ARHQ total score —0.063 0.550
ADHD overall score —0.017 0.870
PPVT standard score —0.006 0.953
ART score —0.060 0.565

Stroop interference score —0.014  0.893

Note. Pearson correlations between the divergence point for the target object and
individual-difference measures. No correlations reached statistical significance (p < .05).
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Table H.3: Correlations between semantic competitor divergence point and
individual-difference measures across the full sample.

Variable r P

RAN Letters (rate) 0.054  0.605
RAN Digits (rate) —0.008 0.937
ARHQ total score 0.009 0.931
ADHD overall score 0.005  0.960
PPVT standard score —0.062 0.557
ART score —0.018 0.861

Stroop interference score —0.056 0.597

Note. Pearson correlations between the divergence point for the semantic competitor and
individual-difference measures. No correlations reached statistical significance (p < .05).

Table H.4: Correlations between CP+Sem divergence point and
individual-difference measures across the full sample.

Variable r P

RAN Letters (rate) 0.020  0.852
RAN Digits (rate) —0.026 0.802
ARHQ total score —0.007 0.947
ADHD overall score 0.046  0.664
PPVT standard score —0.184 0.077
ART score —0.132 0.207

Stroop interference score  0.123  0.241

Note. Pearson correlations between the divergence point for the CP-+Sem competitor and
individual-difference measures. No correlations reached statistical significance (p < .05).

361



Appendix I

Norming study materials.

Experiment 2

rd Association Surve

1. You will see an image
2. Below the image will be a list of words
3. Select ALL words that you think are related to the image in any way:

e The relationship can be based on meaning, function, typical situations, or common connections.

4. Click "Next" to proceed to the next image

There are no right or wrong answers - we're interested in your natural associations.

Figure I.1: Instruction screen shown to participants in the norming study for
Experiment 2, describing the word-image association task.
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