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Abstract

The Visual World Paradigm (VWP) is one of the most widely used
experimental paradigms in psycholinguistic research for studying online word
and sentence processing. Over the past three decades, a wealth of research has
shown that eye movements can reveal much about the systematic and temporal
relationship between fixations on visual information and online language
processing. The present systematic review takes stock of the current state of the
VWP as an experimental paradigm, outlining critical issues that should guide
future research. In this paper, we provide a systematic overview of the role of
language functions using the VWP in speech comprehension from a cross-
linguistic perspective. Our findings contribute to the VWP literature by
evaluating existing methodological approaches and outlining directions for
future research. The review reveals that although methodological sophistication
has increased, especially through the adoption of methods such as LMMs and
GAMMs, a significant gap remains in linguistic diversity.
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Gorsel Diinya Paradigmasi ile Siirec-ici Dil Anlamaya Bakis: Otuz Yilhk
Sistematik ve Dillerarasi Bir Derleme

Oz

Gorsel Diinya Paradigmasi (GDP), siireg-i¢i sozciik ve tiimce islemeyi
incelemek amaciyla psikodilbilimsel arastirmalarda en yaygin ve en
bilgilendirici sekilde kullanilan deneysel paradigmalarin basinda gelmektedir.
Tanenhaus ve digerleri (1995) ¢alismasindan bu yana gecen otuz yillik siiregte,
¢ok sayida arastirma, gz hareketlerinin gorsel bilgilere yonelik bakislarla
cevrim-i¢i dil iglemleme arasindaki sistematik ve zamansal etkiye iligkin
onemli veriler sundugunu gostermistir. Bu sistematik derleme ¢aligmasi, ¢ok
yonlii bir deneysel paradigma olarak GDP’nin mevcut durumunu ortaya
koymakta; son otuz yila doniik bir degerlendirme yaparak, gelecekteki
aragtirmalart yonlendirebilecek Onemli sorunlar1 one ¢ikarmaktadir. Bu
calismada, GDP’nin konusma anlama baglaminda dilsel islevlerle iligkisini
dilleraras: bir bakis agisiyla sistematik bi¢imde ele almay1 amaglamaktayiz.
Sonuglar, alanyazinnn LMM ve GAMM gibi zamana duyarli analizlerin
benimsenmesiyle yontemsel olarak gelismis olmasina karsin dilsel gesitlilik
konusunda 6nemli bir boslugun var olmaya devam ettigini ortaya koymaktadir.

Anahtar sozciikler: Gorsel Diinya Paradigmasi, anlamlandirma, s6zciik isleme,
tiimce isleme, sozciik tanima

1 Introduction

The Visual World Paradigm (VWP) is a powerful experimental method, typically
implemented with eye-tracking, in online language comprehension. In a typical
VWP experiment, language users are presented with a “visual world” containing
potential references (i.e., scenes of real objects, pictures, or words) to language.
Participants typically view visual stimuli on a four-by-four grid while listening
to auditory input, and their eye movements are monitored (see Figure 1). As seen
in Figure 1, VWP represents two displays: a four-object (left panel) for ‘look-
and-listen’ or “look-listen-and-click-response” tasks, and a single printed word
(right panel) for “click-on-the-word-you-heard” tasks. The visual stimuli on the
grid may have different referential links (i.e., semantic, phonological, syntactic).
A central question concerns when and under what conditions individuals fixate
on these objects. Thus, fixations on these referents and the competition between
them provide valuable information about the early stages of language processing,
cognitive mechanisms, and the integrative decision between language and vision.
There are also several variants of the VWP with a blank screen instead of a grid
(e.g., Spivey et al., 2000) or with more complex visual information (e.g., Kamide,
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Altmann, & Haywood, 2003; Kamide, Scheepers, & Altmann, 2003; Brown-
Schmidt, Byron, & Tanenhaus, 2004).
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Figure 1. VWP paradigms include two displays: a four-object display without
borders (left; “look-and-listen” or “look-listen-and-click-response”) and a
printed word (right, “click on the word you heard”).

Irrespective of specific experimental tasks, VWP has significantly reshaped
psycholinguistics over the last 30 years, encompassing all linguistic levels and
developmental stages. The present study aims (i) to systematically review the
most critical studies, (ii) to discuss the implications of these studies, (iii) to
identify gaps in the previous literature, and (iv) to suggest directions for future
work. The basic theoretical assumption is based on the claim that linguistic input
directs visual attention dynamically and incrementally, reflecting the moment-
by-moment integration of visual context and language. This allows us to extract
basic stages of cognitive processes and mechanisms of language comprehension.

Cooper’s (1974) study is the first to use the VWP as we know it today. The
results showed that listeners would spontaneously direct their attention to
pictures in a visual display that were mentioned in a story, even when they were
not instructed to do so. This is the basic assumption of the VWP: participants
naturally look at objects that have been mentioned in speech. The world is full of
visual stimuli, making the VWP a highly appropriate method for addressing
issues related to language processing, such as lexical access, ambiguity
resolution, the influence of context, selective attention and sequencing.

Subsequent VWP studies building on Cooper (1974) adopted more controlled
picture arrangements. The referents in a typical VWP experiment can be
classified into three categories: the target (the intended referent), competitors
(items that are phonologically, semantically, or visually similar to the target), and
distractors (unrelated items that serve as visual/auditory controls with no
phonological or semantic relation to the target items). For example, in Allopenna
et al. (1998), a beaker was a target, beetle was a cohort competitor, speaker was
a thyme competitor, and carriage served as an unrelated distractor. Participants
viewed four images while they listened to spoken instructions like “Pick up the
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beaker; now put it below the diamond.” This design allowed for a precise
assessment of referential competition during listening. The strength of the VWP
lies in its capacity to track such competition in online analysis through eye-
tracking data. As a result, it can reveal automatic processing tendencies even
when participants are unaware of them. Such tendencies refer to cognitive or
attentional biases occurring during online language processing, generally
displayed by gaze durations of fixations on visual referents. Notably, VWP
studies have shown that fixation patterns are tightly time-locked to unfolding
speech (Cooper, 1974; Tanenhaus et al., 1995). The following sections outline
our systematic and cross-linguistic review approach (Section 2), evaluate VWP
studies on online language processing in online spoken word recognition and
comprehension (Section 3), and discuss the current contributions and limitations
of the methodology in VWP studies (Section 4).

2 Methods

We followed the PRISMA (Page et al., 2021) guidelines to systematically
address our hypotheses and research aims. We searched for previous literature
across multiple databases (i.e., Web of Science, PubMed, Scopus, Google
Scholar, and APA) with additional studies using VWP which are identified
through citation tracking. Our investigation covered all records up to 29 April
2025. Eligible studies (including research articles, conference proceedings,
presentations, and dissertations) focused on speech comprehension in healthy
adults and encompassed a range of publication languages. Studies were screened
using predefined inclusion and exclusion criteria. Figure 2 presents a detailed
PRISMA flowchart, outlining each stage of study identification, screening,
eligibility, and inclusion. Reasons for exclusion at each stage (e.g., scope
mismatch, methodological issues) are fully documented for transparency. Study
selection followed a three-step process: (1) initial title and abstract screening to
remove irrelevant studies; (2) full-text review for relevance to criteria such as
adult language processing, use of VWP, and methodological clarity; and (3)
quality assessment based on methodological rigour and clarity of experimental
design. The selected studies were classified according to linguistic units and
language functions at the word and sentence level during speech comprehension
(see Table Al in the Appendix for details).

The inclusion criteria were as follows: (1) studies targeted healthy adult
participants, as the review focuses on language processing in mature cognitive
systems; (2) they employed speech comprehension tasks using auditory, visual,
auditory-visual, or orthographic modalities; and (3) study findings were
categorised by linguistic unit, level of processing (word or sentence), task type,
and language. Studies focusing solely on general memory capacity, without
addressing its interaction with linguistic processing, were excluded. Based on
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these criteria, 128 studies were deemed eligible. We recorded the reference
details, experimental procedures, tasks, designs, linguistic focus and diversity,
statistical methods, techniques, analysis and language profiles of participants for
each study. Figure 2 shows the systematic and cross-linguistic review process
used to identify and extract relevant VWP studies. As the figure illustrates, the
main aim of the present study is to provide a comprehensive analysis of key VWP
studies from the past three decades, focusing on methodological improvements
and cross-linguistic interactions. First, we outline our systematic study selection
approach; then we evaluate findings related to word- and sentence-level
processing; finally, we conclude with implications for further research. In line
with its objectives, this review places particular emphasis on cross-linguistic
diversity, systematically identifying and comparing VWP studies conducted in a
wide range of languages beyond English. In this regard, this review synthesised
notable studies and highlighted underexplored dimensions of online language
processing in VWP studies, thereby revealing an underlying focus for future
work.

[ Identification of studies via databases and registers ]
= Papers recorded through database Additional dre_ctortc_is from oﬁher
g scarching (1=260) |, | sourcesan c17a2 ;gon searching
= WoS (n=125), PubMed (n=113), (n=28)

5 Scopus (n=121) -
= GS (n=130), APA (n=127) .| Duplicate records removed
L ) v (n=116)
Papers classified to linguistic phogological-mo_rphological
units and language functions: » (n=25), semantic (n=23),
syntactic (n=53), prosodic
v (n=16), pragmatic (n=11)
en
£
=
g Records screened and assessed for > Records excluded fronj the
5 eligibility (n:144) scope of sub-fieclds (n732)
Studies included in review
(n=128)

Figure 2. PRISMA flow diagram of literature search and selection
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3 Language comprehension: Word and sentence-level processing

In reviewing previous studies using the VWP, we assessed experimental design,
tasks, findings, and cross-linguistically based theoretical implications. To present
a balanced perspective, we highlight both the strengths and, where relevant, the
limitations of each study. The basic roles of language functions in word- and
sentence-level processing are discussed separately, covering linguistic aspects
(i.e., phonological, morphophonological, semantic, morphosyntactic, prosodic,
and pragmatic) of speech comprehension. The first section focuses on word-level
processing, including lexical access, phonemic variation, phonological
awareness, lexical stress, and ambiguity, which are the core components of
morphological and semantic processing in spoken word recognition. The
following section addresses syntactic ambiguity, referential domains, prosodic
focus, conversational elements, referents, interference, and connectives, thus
examining how syntax, prosody, and pragmatics shape speech comprehension.

3.1 Word-level processing

3.1.1 Phonological and morphological processing: Lexical access and
alternation

This section reviews studies that have used the VWP to investigate phonological
and morphological processes, with an emphasis on methodological approaches
and their implications. Speech comprehension studies on phonological
processing has often focused on whether subphonetic variations affect lexical
access. Notably, McMurray, Tanenhaus, and Aslin (2002, 2009) used the VWP
to explore how voice onset time (VOT) along a continuum affects lexical
activation during spoken word recognition in American English. They examined
the gradient effects of within-category phonetic variation. In particular,
McMurray et al. (2009) found that such variation, contrary to phoneme-level
inhibition, might lead to lexical garden-path effects, especially when
manipulating voiced and voiceless consonants. Their results suggest that
subphonetic mismatches in initial word positions may influence both semantic
priming and lexical processing dynamics.

The pioneering study by Allopenna, Magnusson, and Tanenhaus (1998)
introduced an eye-movement paradigm to investigate the manifestation of
competitor effects for objects whose names rhymed with the target, as predicted
by continuous mapping models. The study clearly explained the correlation
between activation levels modelled by the continuous mapping model, such as
the TRACE model (McClelland & Elman, 1986), and fixation probabilities
observed in eye-tracking data. By incorporating experimental conditions (e.g.,
referent — cup, cohort — beetle, thyme — speaker, and unrelated — carriage) into
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a VWP design, Allopenna et al. (1998) aimed to examine the basic nature of
lexical competition during experimental tasks on visual referencing. This
approach enabled researchers to connect theoretical modelling of empirical
observations more directly to cognitive processes. In addition, the results showed
a competition for lexical activation between rhymes and cohorts, with
participants more likely to initiate an eye movement to a rhyme or cohort than to
a non-competitor.

Morphophonological alternations (McQueen & Viebach, 2007; Salverda &
Tanenhaus, 2010; Farris-Trimble & McMurray, 2018; Schreiber & McMurray,
2019) and phonological awareness (Dahan, Magnusson, & Tanenhaus, 2001a;
Marquis et al., 2020; Gregg, Inhoff, & Li, 2023) have been investigated in many
languages based on listeners’ use of auditory-visual knowledge during online
word recognition. Dahan et al. (2001a) reported striking results on word
recognition in the phonological processing using multi-frequency tasks. In multi-
frequency tasks, the presentation of targets and distractors in visual scenes varied
according to their phonological roles. Dahan et al. (2001b) also conducted an
eye-tracking study on how subcategorical phonetic inconsistencies influence
lexical competition in spoken word recognition. Their results showed the
sensitivity of lexical access to phonetic information. Later, McQueen and
Viebach (2007) investigated spoken word recognition by manipulating the
syllable structure of Dutch with monosyllabic and bisyllabic targets (e.g., buffel,
buffalo) in VWP using a typical phonological competitor (e.g., buffer, buffer)
and two unrelated distractors (e.g., kind, child). Overall, the results showed that
participants’ average fixation durations became longer when the competitor was
phonologically violated compared to the distractors and the target.

A related study by Cutler, Weber, and Otake (2006) used a look-and-listen
methodology to examine lexical access and phonetic mapping asymmetries
between Japanese L1 and American English L2 listeners. Similar cross-linguistic
findings were reported by Bruggeman and Cutler (2024), showing that L2
listeners performed better in phonetic mapping tasks, suggesting an acoustic-
phonetic dominance of the L1. In two recent studies, Freeman and Marian (2022)
investigated cross-linguistic activation in word recognition by comparing L1 and
L2 English listeners with L1 Spanish speakers. Results showed strong activation
effects tied to the initial position of words during visual target recognition.
Desmeules-Trudel and Zamuner (2023) also explored bilingual word
recognition, comparing Canadian English L2 listeners with native French L1
speakers. Across two eye-tracking experiments manipulating nasal combinations
in word-final positions, early bilinguals outperformed both late bilinguals and L1
speakers in recognising phonetic details of French vowel nasalisation. Similarly,
Dailey, Straboni, and Peperkamp (2023) examined allophonic nasal-oral vowel
variation using an offline gating task and the VWP. Their eye-tracking results
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showed that French listeners used recognition strategies comparable to those of
English listeners (see also Soto & Schmid, 2024).

A recent study by Burness, McMullin, and Zamuner (2019) used artificial
languages to investigate morphophonological learning, specifically manipulating
sibilant harmony. They created two artificial languages with 36 noun bases, each
appearing in three forms: a bare form and two prefixed forms (/fo/ and /fe/). One
language included regressive sibilant harmony, while the other did not. Results
suggested that long-range harmony processing in spoken word recognition is
influenced by the visual position of the target and competitor. In another recent
study, Bao, Arnhold, and Jérvikivi (2024) examined novel word learning in
Mandarin Chinese using different phonological contrasts (consonant, tone, or
both), including homophones and nonhomophones. Native and non-native
English speakers were assessed on their ability to discriminate novel word pairs
and select target items while listening to auditory stimuli. Results highlighted the
impact of phonological contrast type and language background on word learning
performance.

In summary, the above studies suggest that morphophonological alternations,
phonological awareness, competition, prediction, and lexical access input from
L1 (Dahan et al.,, 2001a; McMurray et al., 2002, 2009; Farris-Trimble &
McMurray, 2018; Apfelbaum, Klein-Packard, & McMurray, 2021; Kutlu et al.,
2024; Xu et al., 2025; Zhao et al., 2024) and L2 (e.g., Cutler et al., 2006; Burness
et al., 2019; Freeman & Marian, 2022; Bruggeman & Cutler, 2024; Berghoff &
Bylund, 2024; Soto & Schmid, 2024; Bramlett & Wiener, 2025) reflect the
direction of listeners’ attention during spoken word recognition. These factors
interact with the integration of auditory, visual, and orthographic cues,
collectively guiding attention and influencing gaze patterns and fixation
durations during word recognition.

3.1.2 Semantic processing: Spoken word recognition and meaning

Several works have investigated incremental semantic integration, particularly at
the sentence level, focusing on speech interpretation and lexical ambiguity
resolution. However, less is known about semantic processing during word
recognition. Sedivy et al. (1999) examined how contextual contrasts in
prenominal English adjectives affect semantic interpretation in the visual world.
Participants processed target objects (e.g., a tall glass) under different visual
contexts, including no-contrast conditions (e.g., a single glass) and contrast
conditions (e.g., a smaller glass). Findings indicated that contextual information
influences semantic processing early in comprehension. Similarly, a well-known
study in Dutch by Dahan and Tanenhaus (2005) demonstrated a visual similarity
effect in a word-matching task involving referents (e.g., a snake) and visually
similar competitors (e.g., a rope). Gaze and fixation patterns over time supported
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the linking hypothesis (Allopenna et al., 1998), showing a strong relationship
between fixation probabilities and lexical activation levels.

Psycholinguistic approaches to the link between spoken word recognition and
semantic processing vary depending on how lexical access and output
representations are conceptualised, often drawing on different aspects of memory
capacity. Dufiabeitia et al. (2009) explored the role of visual representations by
comparing the semantic processing of abstract and concrete words in Spanish.
Their findings showed that participants focused more on objects associated with
abstract words than with concrete ones in the VWP, suggesting a heightened
reliance on visual context during the processing of abstract language.

Another study on semantic processing (Hadar et al., 2016) investigated the
effect of listeners’ working memory capacity under different listening
conditions. They used a VWP task similar to that of McQueen and Viebach
(2007), manipulating the competitor and target according to their phonological
and semantic representations in the onset and offset positions of the syllables.
Hadar et al. (2016) found that listeners with high working memory load showed
delayed target discrimination between the spoken target and the phonological
competitor. Similarly, Zamuner et al. (2016) highlighted the importance of
participants’ memory load during speech comprehension. They compared
English (non)words with visual referents in two experiments. The results suggest
the importance of auditory production, as recognition of spoken words was faster
for nonwords. For example, when a participant is processing a mispronounced
target (e.g., /vup/) and the visual scene contains two nonword images (e.g., /tup/
and /pem/), they explain that the gaze patterns of adult participants can be unclear
in choosing the correct target word in the VWP.

Semantic information and memory load strongly affect spoken word
recognition, comprehension, and retrieval. Two studies have examined how
semantic information interacts with word memory using different tasks: Kumcu
and Thompson (2020) investigated word retrieval in a blank VWP. Participants
were presented with four words on a two-by-two grid, and their recognition
memory was tested while looking at a blank screen. The results indicated that
participants looked more at the previous, but now empty, locations of the probed
word. They looked even more when retrieving less imageable words, suggesting
a compensation for low imageability. Later, another study (Kumcu & Thompson,
2022) compared the effect of the actual locations of words in the visual world
and their semantic locations (e.g. bird - top location) in a similar recognition
memory task across two experiments. The results showed that the semantic
locations of the words influenced memory retrieval even when spatial
information was not important for accurate performance of the task. A recent
study (Rehrig et al.,, 2022) investigated the link between meaning and
visuospatial mapping by conducting five eye-tracking experiments using visual
world tasks. The results suggest that visual attention to an object’s affordance in
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visual scenes interacts strongly with grasping, as it is influenced by semantic
information in real scenes and memory load.

The studies reviewed above have examined semantic processing in word
recognition and lexical ambiguity using various tasks within the VWP, including
orthographic similarity (Shen, Qu, & Li, 2016), listening and reading judgments
(Novick, Thompson-Schill, & Trueswell, 2008; Degen & Tanenhaus, 2016;
Shkuropatskaya et al., 2020; Kaplan, Raju, & Arunachalam, 2021; Sarrett &
McMurray, 2025), referent identification (Arias-Trejo & Plunkett, 2010),
pronoun resolution (Kim & Griiter, 2021), lexical interference (Prystauka et al.,
2024), and tasks involving categorisation, recognition, and prediction (Ahn &
Song, 2023; Corps et al., 2022; Hintz et al., 2024; Li & Qu, 2024; Soroli, 2024;
Chen et al., 2025). Collectively, these studies provide strong evidence for an
interaction between semantic processing and memory load. Although some have
found no such interaction, findings generally indicate that semantic
representations, especially in the context of lexical ambiguity and meaning, are
influenced by memory demands.

3.2 Sentence-level processing
3.2.1 Syntactic processing: Ambiguity resolution, referents and thematic roles

VWP studies have extensively explored syntactic processing during online
processing of spoken language comprehension. The paradigm has been used to
investigate a range of syntactic patterns: trace violations (Tanenhaus et al., 1995;
Dahan et al., 2001b), syntactic ambiguity and resolution (Altmann & Kamide,
1999; Trueswell et al., 1999; Arnold et al., 2000, 2004; Sturt, 2003; Chambers,
Tanenhaus, & Magnusson, 2004; Brown-Schmidt, Byron, & Tanenhaus, 2005;
Brown-Schmidt & Konopka, 2008; Coco & Keller, 2015; Stern et al., 2019; Yao
et al., 2024; Abdel-Latif et al., 2025; Alzahrani, 2025), pronoun resolution and
referential domains (Spivey et al., 2002; Runner, Sussman, & Tanenhaus, 2006;
Kaiser & Trueswell, 2008; Ellert, 2013; Arslan, Bastiaanse, & Felser, 2015;
Cunnings et al., 2017; Fotiadou, Mufioz, & Tsimpli, 2020; Han et al., 2021;
Degen & Pophristic, 2023), verb constraints (Bruggeman et al., 2025; Zhu &
Griiter, 2025), object naming (Altmann, 2004; Altmann & Kamide, 2007; Belke
& Meyer, 2007; Fallon & Pylkkdnen, 2024), garden-path structures (Dahan &
Tanenhaus, 2004; Knoeferle & Crocker, 2006; Farmer, Cargill, & Spivey, 2007;
Hintz, Meyer, & Huettig, 2017), as well as case marking, aspect, argument
structure, and thematic roles (Frenck-Mestre et al., 2019; Huang & Snedeker,
2020; Karaca et al., 2024; Ozsoy et al., 2023; Gémez Vidal, 2024; Minor et al.,
2023; Fuchs & Sekerina, 2025).

In a widely cited VWP study, Tanenhaus et al. (1995) demonstrated how
visual context affects rapid online processing investigating various types of
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syntactic cues. Results showed that participants prefer nonlinguistic cues,
particularly those aligned with behavioural goals, to establish referents during
the early stages of online language comprehension. Accordingly, their findings
emphasized how fast the visual context can shape the online processing of
language comprehension and interpretation. Overall, these studies highlight the
importance of integrating grammatical constraints with contextual information.
This suggests us a more comprehensive account of how syntactic and
nonlinguistic cues interact in online language processing.

Syntactic complexity and ambiguity resolution are fundamental topics of
considerable ongoing interest in psycholinguistics. The VWP allows researchers
to investigate moment-to-moment processing via syntactic ambiguity resolution
(i.e., garden-path structures, late closure effects, relative clause (RC)
attachments, and working memory capacity). Previous work (Tanenhaus et al.,
1995; Altmann & Kamide, 1999; Arnold et al., 2000) has shown how participants
use nonlinguistic knowledge (i.e., world knowledge, visual perception that
influences linguistic processing independent of language-specific cues, and
contextual familiarity) from visual contexts to disambiguate syntactic structures.
Experimental designs of such studies are usually designed according to the
participants' tendency to look at the potential target or competitor in a visual
context. For example, if a participant reads or hears a sentence such as “A girl is
reading a book with a friend”, the participant will tend to process a girl or a book
due to the syntactic role of the prepositional phrase with a friend. On the other
hand, studies show different linguistic patterns depending on the syntactic
structure and the experimental layouts (i.e., auditory or visual displays) during
online processing. For example, the canonical subject-verb-object (SVO) order
in English and the canonical subject-object-verb (SOV) order in Turkish may
indicate different interpretations due to the syntactic positions and constraints of
the verb and object.

As is known, RC attachment is one of the most studied topics in syntactic
disambiguation. In sentences with RC attachments, such as “The man saw the
girl on the street who was wearing a red hat,” the clause can refer to either the
man or the girl, leading to two possible interpretations. RC attachments are a key
focus in VWP research across different languages (e.g., Coco & Keller, 2015 for
English; Pozniak, Hemforth, & Scheepers, 2018 for French; Stern et al., 2019 for
Spanish; Scheepers, 2003 for German). These studies have generally relied on
the online processing costs of cognitive load when the parser encounters
syntactic complexity, distance effects or disambiguation. When using VWP to
investigate RC attachment preferences, studies focus on how participants process
the visual context cues to disambiguate syntactic structures in online processing.

Disambiguation studies investigate the comprehension of garden-path
sentences, which are characterised by initial misleading syntactic cues.
Traditional approaches to syntax-first models generally propose that the parser
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can select a single structure and reanalyse the syntactic mechanisms using
semantic and contextual information (Ferreira & Clifton, 1986; Frazier &
Rayner, 1982; Trueswell & Tanenhaus, 1994; Tanenhaus et al., 1995) during
online processing of syntactic resolution. On the other hand, the constraint-based
models suggest that both semantic, statistical, and contextual information
contribute to the reanalysis and resolution of garden-path sentences (Elman,
Hare, & McRae, 2004; MacDonald, Pearlmutter, & Seidenberg, 1994). From this
perspective, Farmer et al. (2007) conducted three experiments measuring visual
context identification of magnitude and gradient effects in garden-path sentences
and resolution of syntactic ambiguity in American English. The results support
constraint-based models of syntactic reanalysis processing. Overall, these
findings support the idea that individual differences may affect how difficult it is
to process sentence reanalysis and garden-path structures (Christianson et al.,
2001; Ferreira, Bailey, & Ferraro, 2002).

Syntactic processing has a direct influence pronoun resolution in relation to
referential domains. Previous studies (Sturt, 2003; Arnold et al., 2004; Brown-
Schmidt et al., 2005; Brown-Schmidt & Konopka, 2008; Kaiser & Trueswell,
2008; Runner et al., 2006; Ellert, 2013; Arslan et al., 2015; Cunnings et al., 2017;
Fotiadou et al., 2020; Han et al., 2021; Hert, Jarvikivi, & Arnhold, 2024; Kim &
Xiang, 2024) show that parsers rapidly integrate memory and visual context to
resolve referents. For example, Arnold et al. (2004) used eye-tracking
experiments to investigate the use of grammatical gender in different visual
contexts for pronoun resolution. The results suggest that grammatical gender can
quickly interfere with cognitive language mechanisms and memory-based
processes for retrieving linguistic information from a visual context. From a
bilingual processing perspective using VWP during listening, Arslan et al. (2015)
investigated the processing difficulties in evidentiality resolution of monolingual
L1 and L2 Turkish speakers. The researchers compared the use of processing
strategies between L1 and L2 Turkish speakers in terms of online interpretation
of evidentiality markers (i.e., direct [-DI] and indirect [-mls]). They addressed a
gap between neurolinguistic and psycholinguistic research on evidentiality.
Results indicated reduced sensitivity to both the semantic and pragmatic roles of
direct evidentiality markers in both early (heritage) and late L2.

The online processing of grammatical gender morpheme agreement has
received much attention in recent years. Studies conducted by examining
different types of languages have generally found higher search rates for target
items when this item is preceded by a gender-relevant adjective (Griiter, Lew-
Williams, & Fernald, 2012; Dussias et al., 2013; Hopp & Lemmerth, 2016;
Fuchs, 2021; Loerts, Wieling, & Schmid, 2013; Lundquist & Vangsnes, 2018;
Lee, 2023; Johannessen et al., 2024). For instance, a gender agreement study in
German articles (masculine der, feminine die, neuter das) (Hopp, 2013) found
that slower looking percentages were obtained for the masculine condition when
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it is compared to the neuter and feminine conditions. Hopp and Lemmerth (2016)
further investigated the asymmetry of gender information in German articles.
They found that participants looked more quickly at adjective-relevant target
items than at other gender cues. Later, findings in Lundquist and Vangsnes
(2018) for the anticipatory use of VWP in Norwegian on the language-internal
asymmetries between three gender cues revealed differences between language
dialects. In accordance with these results, speakers of two dialects of Norwegian
could not use the masculine articles when the competitor was constructed with
the feminine articles. Speakers of three Norwegian dialects also performed good
in using all gendered articles. A recent study by Fuchs (2023) examined
masculine, feminine, and neuter gender categories in Polish. A recent study by
Fuchs (2023) examined masculine, feminine, and neuter gender categories in
Polish. Using the VWP, the experiment presented auditory stimuli in carrier
phrases paired with three colours (green, red, and blue). Monolingual Polish
speakers successfully applied gender to adjectives during online speech
comprehension across all gender categories.

Second, the interpretation of argument structure and thematic roles is one of
the most widely studied topics that plays an important role in the interplay
between visual context interpretation and language processing (Carreiras et al.,
1997; Kuchinsky, Bock, & Irwin, 2011; Branigan, Pickering, & Cleland, 2000).
Previous studies suggest that the interpretation processing of thematic roles and
argument structure can be affected by visual contexts such as referential domains
in a visual scene in online language comprehension (Gleitman et al., 2007; Huang
& Snedeker, 2009). Further, studies show that parsers use verb information while
analysing syntactic structure to predict anticipatory eye movements for objects
in the visual scenes and/or contexts. Hintz et al. (2017) conducted three eye-
tracking experiments in order to measure verb-mediated anticipatory gaze in
Dutch via using listening and language comprehension tasks. Their results
indicated that functional relations strongly predict anticipatory eye movements
in long and short visual scenes. Accordingly, if the target item is predictable,
participants hear a sentence like “The man peels the apple”; however, they hear
“The man draws the apple”, if it is not predictable.

In summary, the studies on sentence-level processing provide us with a robust
framework for syntactic complexity and ambiguity resolution. Previous research
highlights the involvement of cognitive mechanisms in syntactic reanalysis,
prediction, and comprehension processes.

3.2.2 Prosodic processing: Lexical stress and prosodic focus

VWP studies of prosodic processing have addressed prosodic violations in
general. Researchers have focused on lexical stress (Dahan, Tanenhaus, &
Chambers, 2002; Reinsch & Weber, 2012; Jesse, Poellmann, & Kong, 2017;
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Kong & Jess, 2017; Zahner, Kutscheid, & Braun, 2019), prosodic focus (Brown
et al., 2015; Henry, Hopp, & Jackson, 2017; Ge et al., 2021; Miiller et al., 2021;
Perdomo & Kaan, 2021, Caldas, 2025; Zhang & Zhang, 2025), the interaction
between semantic, syntactic, and pragmatic processing (Mulders & Szendroi,
2016; Kircali, Uzun, Aydin, 2021), and speech rate (Huettig & Guerra, 2019;
Fernandez et al., 2020). Online processing studies investigating prosodic
processing at the level of lexical stress have led to the hypothesis that listeners
show different patterns of interpretation based on the accentuation of noun
phrases (NP). This hypothesis predicts that when listeners encounter a
deaccented NP, they are more likely to integrate this sentence with the most
prominent component in the visual context, as opposed to an accented NP.

Previous VWP research has aimed to elucidate the cognitive mechanisms
underlying the interpretation of prosodic units. Dahan et al. (2002) investigated
the prosodic roles of accent and referents using lexical competitors in American
English, such as candy vs. candle (see also Bramlett & Wiener, 2025 for L2 stress
perception). While their first experiment compared the placement of lexical
accent of NPs according to referents in a discourse-based context, the next
experiment revealed this interaction with (non-)focal referents. Findings
indicated that when listeners looked at the competitor, they were more likely to
fixate on a new entity if the target was accented rather than deaccented. Zahner
et al. (2019) presented critical findings on the resolution of lexical stress in
German across different fundamental frequency (f0) orientations in different
pitch accents, namely medial-peak and early-peak accents. In the first
experiment, they measured the effects of lexical stress judgment and
identification tasks on the prosodic perception of different pitch accents. They
then compared fixations on the target and competitor with initial and penultimate
stress manipulations by presenting the experimental items using auditory-visual
and orthographic techniques. Zahner et al. (2019) found that participants were
more likely to fixate on an initially stressed competitor when the penultimate-
stressed target was produced with an early-peak accent. This contrasted with
conditions where the 0 peak aligned with the stressed syllable. As a result, the
inclusion of high, unstressed syllables temporarily caused them to be perceived
as stressed, directly affecting the process of lexical activation. Such findings
contribute to a deeper understanding of how prosody shapes the cognitive
mechanisms underlying speech perception and word recognition.

Prosodic focus effects in quantifier ambiguity resolution have been observed
in a limited number of studies. Kircali et al. (2021) examined the interaction of
prosodic focus in a semantic-syntactically oriented task using two VWP
experiments in Turkish. While the first experiment focused on the SOV, the
second experiment investigated the object-subject-verb (OSV) order. Findings
from the first experiment showed the effect of prosody and syntax on the
interpretation of sentences with a(n)-every versus every-a(n) order. Conversely,
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the results of the second experiment showed less prosodic influence on
syntactically-semantically oriented structures.

Recent VWP studies have also focused on the effect of speech rate on
anticipatory gaze at different speech rates such as 3.5, 4.5, 5.5 and 6.0 syllables
per second. Fernandez et al. (2020) provided evidence for the effect of speech
rate on the prediction of filler gap dependency comprehension. Their first
experiment examined this prediction difference across the lifespan with younger
and older adults, while the second experiment compared L1 English speakers and
L2 English speakers with L1 German. They found similar evidence for
anticipatory eye movements from both experiments to the findings in Huettig and
Guerra (2019), in which the effect of speech rate was examined in Dutch neuter
gender cues. Results highlight the significant role of speech rate for anticipatory
eye movements and group-level differences for filler gap dependency.

Overall, studies on the segmental and suprasegmental cues in visual context
guide spoken word recognition during online processing. In general, listeners
tend to visually discriminate between target and competitor lexical accent
violations according to their primary and secondary stress assignments. The
research contributes to a deeper understanding of the integrated processing of
prosody with semantics and syntax that modulate the cognitive mechanisms and
temporal dynamics of language comprehension.

3.2.3 Pragmatic processing: Conversation, referent, and interference

Current VWP accounts of pragmatic processing often centre on the Gricean
maxim of quantity (Grice, 1975), which concerns the provision of an appropriate
amount of information in context. Many VWP studies (e.g., Engelhardt, Bailey,
& Ferreira, 2006; Huettig et al., 2006; Barr, 2008; Kohne-Fuetterer et al., 2021;
Malarski, Jankowiak, & Dziubalska-Kotaczyk, 2025) suggest that online
comprehension of spoken or written discourse involves the interpretation of
pragmatic cues related to this conversational norm. Engelhardt et al. (2006)
provided empirical support through three eye-tracking experiments. In their
production task, speakers often overdescribed referents. However, in a
subsequent listening judgment task, listeners did not consistently view
overdescriptions as inferior to shorter ones. They used VWP in the final
experiment and examined how listeners processed these over-described
expressions. The findings indicate only moderate online adherence to Gricean
principles, suggesting that pragmatic processing during comprehension is shaped
by both linguistic input and broader cognitive mechanisms. These results
underscore the complexity of communicative behaviour and the nuanced role of
pragmatic norms in language processing.

A related body of research using VWP has examined the role of conversation,
referent, filler, and interference contexts using a variety of methodologies. Barr
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and Seyfeddinipur (2010) have measured how English listeners explore the
visual context described by a speaker in a mouse-tracking experiment. The
results showed that when listeners heard a speaker include the filler word umm
in the utterance, listeners produced a significantly longer anticipatory gaze than
when processing umm presented in a noise context. The study in question showed
that the expectation induced by the presence of fillers depends on the specific
characteristics of the listeners. Another study (Brown-Schmidt, Gunlogson &
Tanenhaus, 2008) focused on speech and interference processing. They
investigated the role of production and perception of wh-question structures such
as “What’s above the cow with shoes?” using a target language game in
unscripted conversations. These findings support earlier evidence that shared
knowledge between speakers significantly influences initial language
processing. They also demonstrate that direction of common ground effects
varies sentence type and the level of interaction in the conversation.

Finally, Coco, Keller, and Malcolm (2016) examined the role of visual
context and memory by conducting two experiments with different anticipation
effects in real-world scenes. Real-world scenes, which provided contextual cues
in Experiment 1, facilitated anticipatory eye movements. When the target object
was absent from the scene, participants tended to infer and direct their gaze to
contextually relevant regions. Experiment 2 investigated whether contextual
inference, as observed in Experiment 1, requires the simultancous presence of
the scene or whether participants can rely on memory representations instead.
Participants were again presented with the same real-world scenes as in
Experiment 1, except that the scene disappeared before participants heard the
accompanying sentence. The main question was whether participants would still
make anticipatory eye movements based on their memory of the scene and its
contextual information, even in the absence of visual input at the time of hearing
the sentence. Individuals were shown to rely on the use of global scene
representations to make contextual inferences in anticipatory speech processing.

The question of how discourse and pragmatic interaction are induced by a
mapping between language and the mental representation of images has been
investigated in a limited number of VWP studies (e.g., Altmann & Kamide, 2009;
Brown-Schmidt, 2009; Wei et al., 2019). These studies often used the auditory-
visual channels to convey linguistic information. However, they differed in terms
of language use and comprehension. Specifically, two studies focused on
monolingual participants (Altmann & Kamide, 2009; Brown-Schmidt, 2009),
while one study involved bilingual participants (Wei et al., 2019). Altmann and
Kamide (2009) conducted two experiments to examine the effect of online
discourse-pragmatic mapping in English within different visual scenes. In the
first experiment, participants heard either the structure “The woman will put the
glass on the table” or “The woman is too lazy to put the glass on the table”.
Participants then heard “The woman will pick up the bottle and carefully pour
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the wine into the glass” in a similar context, with no change in the visual scene.
In a second experiment, a similar context was used, but the visual scene was
removed before the auditory stimuli began. They showed a strong interaction
between the dynamic updating of the mental representation and the online
mapping of language.

Another study in English (Brown-Schmidt, 2009) investigated the referential
domains and interpretation of ambiguity resolution in in-and-out conversation
using different dialogue settings. Results from three different eye-tracking
experiments suggest that partner-specific interpretation may be more likely in
interactive dialogue settings, with the number of trials and stimulus features
potentially influencing this phenomenon. Finally, the VWP was used in Wei et
al. (2019) for L1 Dutch and L1 Chinese participants to measure causal coherence
relations in two eye-tracking experiments. In their first experiment, subject and
object connectives were investigated using a listening judgment task in Dutch.
For the next experiment, a reading task for underspecified connectives in Chinese
was used. Their results showed that the degree of subjectivity embedded in
connectives serves as a distinct processing cue for the construction of mental
representations, even across two typologically different languages. This suggests
that the influence of subjectivity on cognitive processing transcends linguistic
boundaries and is applicable across different linguistic structures and systems.

4 Discussion and Conclusion

This systematic review investigates the current state of VWP research, based on
studies selected through predefined inclusion and exclusion criteria (see Figure
2) and classified by language level (see Figure 3). Table Al (see Appendix)
summarises the 128 studies included in the review, detailing the research focus,
experimental tasks, and languages used. Broadly speaking, these studies examine
how healthy adults process various linguistic levels and functions, and how
language processing interacts with visual context. They do not focus on clinical
populations, such as individuals with dyslexia, aphasia or fluency disorders.
While previous comprehensive reviews (e.g., Huettig, Rommers, & Meyer,
2011; Huettig, Olivers, & Hartsuiker, 2011; Salverda, Brown, & Tanenhaus,
2011; Altmann & Kamide, 2004) have addressed the VWP research program
from a general perspective, the unique contribution of the present review lies in
its cross-linguistic focus. By incorporating a bibliometric approach, we map the
distribution of languages represented in VWP research and identify patterns
across linguistic and methodological domains.

In line with our hypotheses, this systematic and cross-linguistic review
identified various gaps, particularly with regard to the types of experimental tasks
employed in research on linguistic diversity and online language processing. For
example, previous studies have predominantly used click response tasks due to
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the structural features of the languages examined (i.e., phonetics, morphology
and syntax), whereas look-and-listen tasks are more likely to be used because of
the interpretive language components involved (i.e., prosody, semantics and
pragmatics). These linguistic patterns provide a remarkable basis for the variety
of experimental tasks, designs, language components and linguistic diversity,
setting concrete directions for future research. Although studies using online
language processing continue to develop, many languages from non-Indo-
European families remain underrepresented, despite the consistent increase in
studies using VWP. This might be overcome to some extent by cross-linguistic
studies, but findings from first/native languages remain limited. Similarly, task
designs specific to experiments display a limited number of variations. While
studies focusing on syntactic or morphosyntactic components and their
intersections stand out, many other language components remain
underrepresented due to complexity-related effects. In this context, these
observations in the studies mostly provide important data on the need for more
comprehensive experiments, including a wider typological range and
methodological diversity, to improve the generalisability and ecological validity
of VWP findings during online language processing. In the sections that follow,
we discuss our findings by language level, method of analysis, and language,
offering a critical assessment of the existing literature and a reference point for
future psycholinguistic research.

The results of the preliminary analysis based on Table Al (see Appendix)
show that the number of studies gradually increased over the 30 years from 1994
to 2025. 43.75% of the studies (n = 56/128) were published in the first half of the
period between 1994 and 2010, and 56.25% of them (n = 72/128) were published
in the second half between 2010 and 2025. Although this result shows that the
popularity of the paradigm remains, it is hardly surprising given the general
increase in the number of studies in all fields. In terms of language level, the
majority of studies, 62.50% (rn = 80/128), focused on the sentence level, while
37.50% of them dealt with the word level (n =48/128). Within the sentence level,
the syntactic level was most frequently studied (66.25%, n = 42/64), followed by
the prosodic (20%, n = 16/80) and pragmatic (13.75%, n = 11/80) levels. Within
the word level, 52.08% (n = 25/48) were at the phonological, phonetic, and
morphological level, while 47.92% (n = 23/48) were at the semantic level. The
results show that the frequency of studies focusing on different levels of language
does not vary much over time to form a clear pattern. In terms of languages, 78
out of 128 studies (60.94%) in the selected corpus included English as the main
language, which, as expected, makes English the most dominant language in the
literature. Of these, 19 studies included languages other than English (i.e.
German, Italian, Spanish, Greek, French). Dutch follows English with 10 studies
(7.81%), of which two studies included other languages (i.e. English and
Chinese). The following languages, in decreasing order of frequency, are Spanish
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(10 studies), Turkish (five studies), German (11 studies), French (five studies),
Chinese with its varieties (six studies) and languages with one study each (Greek,
Arabic, Norwegian, Polish, Hebrew, Hungarian, Japanese, Korean, Kazakh,
Murrinhpatha, Brazilian Portuguese, Finnish). In terms of years, the
diversification of languages in the second half, i.e. from 2010 to 2025, compared
to the first half, i.e., from 1994 to 2010, is quite striking. While only 3.57% (n =
2/56) of the studies included languages other than and/or in addition to English,
this figure rises to 70.83% (n = 51/72) after 2010. In terms of the tasks used, the
click response task seems to be the most common, with 68.75% (n = 88/128),
followed by the look and listen task with 27.34% (n = 35/128). The other tasks
account for only 3.91% (n = 5/128) of the included studies. Although there is no
clear pattern as with the diversification of languages by year, it is important to
note that tasks other than click response and look-and-listen were introduced
after 2002, suggesting the introduction of different approaches to the paradigm
over time. In terms of analysis method, we see the dominance of linear mixed-
effects models (LMMs) with 42.97% (n = 55/128) and ANOVAs with 32.81%
(n = 42/128) over other methods. The change in the preferred choice of analysis
over time is also very clear: while in the first half of the period up to 2010
ANOVA was used in 62.50% (n = 35/56) of the studies, in the second half
between 2010 and 2025, LMMs were used in 63.89% (n = 46/72) of the studies.
Notably, this period also marked the introduction of time series analyses such as
generalised additive-mixed models (GAMM:s) and growth curve analysis (GCA).

Overall, the studies reviewed support the notion that the VWP is a very
powerful and flexible tool in psycholinguistics for investigating language
processes, revealing how visual context influences spoken language
comprehension and production. As discussed above, several different sets of
variables have been manipulated to investigate their interactions and influences
on processing. Since the original visual world study (Tanenhaus, 1995),
experiments have presented creative variations of the paradigm both in terms of
the procedure and tasks and also the visual array. In this vein, we suggest that
future VWP studies adhere to open science practices in methodology and data
analysis procedures (see Ataman, Caglar, & Kirkici, 2021) for better replicability
and comparable results. The development of standards for VWP and eye-tracking
methodology could also improve the accuracy of research findings. The other
strength lies in the fact that the paradigm allows for millisecond-by-millisecond
analysis, paving the way for precise time-course investigations of the interplay
between speech and vision, rather than collapsing the data to average
fixation/dwell time durations on the critical pictures. In our review, although
ANOVAs and LMMs are the most commonly used statistical methods to analyse
data from the visual world, it is evident that time course analyses such as GCA
and GAMMs are also gaining momentum as a relatively more sensitive analysis
to investigate the effect of time on fixations to images in the visual world.
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In this respect, the reported analysis, Table Al (see Appendix) and Figure 3
highlight the gaps in the literature in terms of languages, language levels and
tasks; and, in a sense, chart the future course of studies. We underline the fact
that, in particular, languages in the Sino-Tibetan, Semitic, Japonic, Uralic, and
Turkic language families (see Figure 3) are still critically understudied
concerning the VWP, which calls for further research in these languages at all
language levels. Our results also suggest the fact that the choice of task and visual
context in such studies appears to be quite critical, as it can alter the results of
seemingly similar studies, something that has been highlighted in other selective
reviews (see Apfelbaum et al., 2021). It is also noteworthy that a growing number
of reviews address methodological (Cavicchio, Melcher, & Poesio, 2014;
Salverda & Tanenhaus, 2017; Sekerina, Campanelli, & Van Dyke, 2016) and
statistical issues in the analysis of VWP time course data, including the
introduction of a new approach that combines statistical and computational
modelling (Mirman et al., 2008), a critique of the interpretation of time course
data with proposals for new analytical models (Magnuson, 2019; McMurray,
2023) and the comparison and interpretation of multiple statistical models (e.g.,
LMM, GCA, GAMM, cluster-based permutation analysis, and divergence point
analysis) in the analysis of time course data (Ito & Knoeferle, 2023).
Nevertheless, the visual dimension of the VWP is as significant as the linguistic
dimension. Our findings revealed a significant gap, specifically for linguistic
diversity. Future work should therefore prioritise the inclusion of understudied
languages and methodological transparency.
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In conclusion, this review offers a cross-linguistic perspective on VWP
research across a range of languages. One limitation is the inclusion of only
English-language publications, which may have excluded relevant studies
published in other languages. As with any systematic review, our selection
criteria may have led to the omission of studies from the past 30 years that
nonetheless meet the general scope. Although we did not conduct a meta-analysis
due to the diverse methodologies and limited comparability of language
functions, future research could address specific questions through a
combination of systematic and meta-analytic approaches. This would help to
deepen our understanding of spoken language comprehension and production in
the VWP. Further studies should also aim to include understudied languages and
apply advanced statistical techniques to better capture the complexity and
variability of online language processing. Lastly, since VWP is gaining attention
as a potential biomarker for clinical populations, such as individuals with
dyslexia, aphasia, and fluency disorders, future studies could include clinical
populations, which is a limitation of the present review.
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Table Al. An overview of the studies included in the present review
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Dahan et al., 2001a word recognition L1 English
McMurray et al., 2002, 2009 lexical access
Cutler et al., 2006 phonetic mapping L1 J%Tgrif:lf L2
McQueen & Viebach, 2007 word judgment L1 Dutch
Salverda & Tanenhaus, 2010  phonological-orthographic processing
Farris-Trimble & McMurray, morphophonological alternations
2018 L1 English
Burness et al., 2019 long-distance phonological learning
Schreiber & McMurray, 2019 phonemic recognition
Marquis et al., 2020 phonological awareness L1 Arabic
Apfelbaum et al., 2021 phonological competition L1 English
Freeman & Marian, 2022 phonemic recognition Lli%éllj;lgliﬁh’
Dailey et al., 2023 phonemic gating L1 English, 1.2
Desmeules-Trudel &

French
Zamuner, 2023 word recognition L1 Dutch. L2
Bruggeman & Cutler, 2024 En“glci o

Bao et al., 2024
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Kutlu et al., 2024

Soto & Schmid, 2024
Zhao et al., 2024
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L1 Italian, L2
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L1 Mandarin

Semantic processing

Sedivy et al., 1999

Dahan & Tanenhaus, 2005
Novick et al., 2008
Dufiabeitia et al., 2009
Arias-Trejo & Plunkett, 2012
Degen & Tanenhaus, 2016
Hadar et al., 2016

Shen et al., 2016

Zamuner et al., 2016
Shkuropatskaya et al., 2020
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spoken-word recognition and matching
visual context and lexical ambiguity
abstract vs. concrete words
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listening judgment
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nonwords/pronunciation
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Soroli, 2024
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gender-stereotype prediction
definiteness & prediction
semantic prediction
semantic-phonological prediction

motion event categorisation
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L1-L2 English,
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L1 English

L1 Hungarian

L1 Mandarin

L1 English, L1

French
Prystauka ct al., 2024 §emantic verb constraint and lexical L1 Russian
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Chen et al., 2025 noun prediction revision L1 Enelish
Sarrett & McMurray, 2025 semantic priming &
Syntactic processing
Tanenhaus et al., 1995 ambiguity resolution & judgment
Altmann & Kamide, 1999
Trueswell et al., 1999 visual-linguistic saliency
Dahan et al., 2001b TRACE prediction
Arnold et al., 2000, 2004 pronoun resolution & reference L1 English
Spivey et al., 2002 ambiguous PP and prosodic judgment
Sturt, 2003 gender resolution
Chambers et al., 2004 ambiguous PP and instrument task
Altmann, 2004 tense interpretation and visual context
Dahan & Tanenhaus, 2004 case marking L1 Dutch
Brown-Schmidt et al., 2005 pronoun resolution
Runner et al., 2006 Binding Theory
Knoeferle & Crocker, 2006 scene comprehension .
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Altmann & Kamide, 2007
Belke & Meyer, 2007
Farmer et al., 2007
Brown-Schmidt & Konopka,
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Loerts et al., 2013
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Pozniak et al., 2018

Stern et al., 2019

Lundquist & Vangsnes, 2018
Fuchs, 2021, 2023
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overt pronoun resolution

verb-mediated prediction

RCs attachment & prediction

dialectal gender processing
grammatical gender agreement

L1 English, L2
Greek
L1 Dutch
L1 French
L1 Spanish, L2
English
Norwegian,
Heritage
Spanish, Polish
L1 French, L1

Frenck-Mestre et al., 2019 thematic roles & structural ambiguity Kazakh, L2
Korean
Fotiadou et al., 2020 anaphora resolution and memory L1 Greek
Huang & Snedeker, 2020 thematic constraints
Han et al., 2021 pronouns/demonstratives interpretation L1 English
Degen & Pophristic, 2023 incremental reference production
L1 Turkish,
- . . Heritage
Ozsoy et al., 2023 agent-patient assignment Turkish-
German
Heritage
Karaca et al., 2024 case marking Turkish & L1
Turkish
L1 Russian, L1
Minor et al., 2024 grammatical aspect Spanish, L1
English
Goémez Vidal, 2024 thematic role and argument structure L1 Spanish
L1 Greek, L1
. .. Russian, L1
Johannessen et al., 2024 gender assignment and prediction Turkish, L2
Norwegian
Hert et., 2024 luti L1 German
Kim & Xiang, 2024 pronoun resolution L1 Enlich
Fallon & Pylkkédnen, 2024 recognition and grammatical judgment nelhs
Y . L1 Dutch, L2
Yao et al., 2024 anticipation of mass/count syntactic cues .
Mandarin
Abdel-Latif et al., 2025 speech-on-speech masking L1 German
Alzahrani, 2025 prediction of grammatical number L1 & L2 Arabic
Bruggeman et al., 2025 polysynthetic verb comprehension Murril;ﬂllpatha
L1 Russian,
Fuchs & Sekerina, 2025 gender agreement Heritage
Russian-English
L1,[2 &
Zhu & Griiter, 2025 verb constraints and argument prediction Heritage
Mandarin
Prosodic processing
Dahan et al., 2002 accent placement and referent L1 English



Reinsch & Weber, 2012
Brown et al., 2015
Mulders & Szendréi, 2016
Jesse et al., 2017

Kong & Jesse, 2017
Henry et al., 2017

Zahner et al., 2019
Huettig & Guerra, 2019

Fernandez et al., 2020
Ge et al., 2021

Kircali et al., 2021
Miiller et al., 2021

Perdomo & Kaan, 2021

Caldas, 2025
Zhang & Zhang, 2025
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lexical stress
segmental lengthening
prosodic focus

prosodic prominence

thematic prediction
pitch alignment and stress perception

speech rate and anticipatory gaze

prosodic focus

quantifier ambiguity
prosody and case ambiguity

contrastive pitch accent

prosodic phrasing in garden-path

focus and accentuation
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L1 Dutch
L1 English
L1 Dutch

L1 English

L1 German

L1 Dutch
L1 English, L1
German
L1 Cantonese,
L1 Dutch, L2
English
L1 Turkish
L1 Hungarian
L1 English, L1
Mandarin, L2
English
L1 Brazilian
Portuguese
L1 Mandarin

Pragmatic processing

Engelhardt et al., 2006
Huettig et al., 2006

Barr, 2008

Brown-Schmidt et al., 2008
Barr & Seyfeddinipur, 2010
Altmann & Kamide, 2009
Brown-Schmidt, 2009
Coco etal., 2016

Wei et al., 2019
Ko6hne-Fuetterer et al., 2021

Malarski et al., 2025

Gricean Maxim interpretation
contextual appropriateness
semantic-pragmatic constraints
referential domains and conversation
disfluency interpretation

discourse mapping

referential interpretation

contextual guidance and memory

causal connectives
semantic/pragmatic anticipation

dialect use and style-shifting

L1 English

L1 Dutch, L1
Chinese
L1 German, L1
English
L1 Polish, L3
Norwegian




