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A B S T R A C T

Prediction in language processing is a fundamental cognitive function that supports efficient comprehension and 
interaction by anticipating upcoming linguistic input from multiple cues, including semantic (meaning-based) 
and phonological (sound-based) information. This study examined the interaction between semantic and 
phonological pre-activation during predictive language processing using the visual world paradigm. Across seven 
experiments with Spanish speakers, we assessed predictive eye movements toward semantic and phonological 
competitors, both when these competitors were presented independently and when they directly competed, with 
two experiments specifically targeting bottom-up integration to evaluate the phono-semantic competition effects. 
Our results showed that predictive looks toward semantic competitors preceded the availability of phonological 
information. Moreover, when both cues were presented simultaneously, semantic predictions were prioritized 
during the anticipatory period, whereas phonological activation emerged primarily after the onset of the target 
word. Importantly, the bottom-up phonological effect occurred earlier in highly constraining sentence contexts 
than in neutral or absent contexts, indicating that semantic contexts facilitated phonological processing. Finally, 
the last two experiments demonstrated predictive fixations toward competitors phonologically related to the 
semantic competitor, suggesting that participants generated parallel predictions encompassing both semantic 
and phonological forms. Taken together, these findings support the framework of hierarchical predictive pro
cessing, in which semantic predictions guide and shape phonological predictions. The observed flexibility and 
context sensitivity of this system underscore the complexity of language comprehension, revealing that pre
dictions are dynamically integrated and prioritized across multiple levels of linguistic representation.

1. Introduction

Listeners anticipate upcoming linguistic information by drawing on 
contextual cues, world knowledge, and shared background (Huettig, 
2015; Kuperberg & Jaeger, 2016; Pickering & Gambi, 2018; Pickering & 
Garrod, 2013; Ryskin & Nieuwland, 2023). For example, hearing “Dark 
clouds usually come before...” typically leads to the anticipation of 
“rain”. Lexical prediction in language comprehension is hypothesized to 
involve the pre-activation of a word’s meaning, structure, and form prior 
to its processing (Pickering & Gambi, 2018; Pickering & Garrod, 2013). 
There is strong evidence for the predictive activation of some aspects of 
words’ semantic, syntactic, phonological, or orthographic representa
tions (Angulo-Chavira et al., 2022; Arias-Trejo et al., 2019; Caliskan 

et al., 2023; DeLong et al., 2005; Dikker et al., 2010, 2009; Dikker & 
Pylkkänen, 2013; Gagnepain et al., 2012; Gambi et al., 2018; Ito, 2019, 
2024; Ito et al., 2018; Kim & Lai, 2012; Kukona, 2020; Kukona et al., 
2014, 2016; Laszlo & Federmeier, 2009; Li et al., 2022; Li & Qu, 2024; 
Martin et al., 2018; Mornati et al., 2023; Otten et al., 2007; Otten & Van 
Berkum, 2008; Sohoglu et al., 2012; Van Berkum et al., 2005; Wang 
et al., 2024, 2020; Wei et al., 2023; Wicha et al., 2004; Ye & Qu, 2025; 
Zhao et al., 2024). In this study, we focused on the interplay between 
semantic and phonological representations during lexical prediction, as 
they represent two fundamental levels of language processing that are 
clearly distinguished in lexical organization.

Semantic prediction refers to the anticipatory activation of the 
meanings of upcoming words during language comprehension 
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(Pickering & Gambi, 2018). In a pioneering study, Altmann and Kamide 
(1999) presented participants with a small set of isolated objects 
embedded in a coherent visual scene (e.g., cake, toy, train, car). 
Simultaneously, participants heard a verb that was either semantically 
constraining (e.g., eat) or unconstraining (e.g., move). After hearing the 
verb, but before the noun, participants made predictive eye movements 
toward the object (e.g., cake) semantically related to the verb in con
strained, but not unconstrained, sentences. Altmann and Kamide’s 
(1999) findings have been interpreted as evidence for the predictive 
activation of semantic features. While it is unclear whether participants 
predicted the specific word “cake,” they at least predicted its “edibility,” 
which is part of its meaning. Further research has also demonstrated the 
prediction of other semantic features, such as semantic categories and 
their association with events (Altmann & Kamide, 2007; Grisoni et al., 
2017, 2021; Kamide et al., 2003; Karimi et al., 2019; Li et al., 2022; Li & 
Qu, 2024; Lowder & Ferreira, 2016; Metusalem et al., 2012; Wang et al., 
2020, 2024; Ye & Qu, 2025).

Word-form prediction, on the other hand, involves the pre-activation 
of a word’s sound-based (phonological) or visual-based (orthographic) 
form (Ito, 2024). For example, Ito et al. (2018) presented adult mono
linguals with highly constrained sentences such as: “In order to examine 
closely, the dentist asked the man to open his mouth.” Participants 
viewed a visual display containing four objects: three distractors and one 
critical object that was either the target (e.g., mouth), a phonological 
cohort competitor (e.g., mouse), or an unrelated item (e.g., bone). 
Before the target word was heard, participants’ gaze shifted toward the 
phonological competitor. This indicates that they pre-activated the 
phonological form of the upcoming word, enabling them to pair the 
target and competitor phonological representations. Further research 
has provided evidence about the retrieval of specific sounds (e.g., con
sonants vs. vowels, syllables), as well as specific word forms (DeLong 
et al., 2005; Dikker et al., 2010, 2009; Gagnepain et al., 2012; Ito, 2019; 
Kim & Lai, 2012; Kukona, 2020; Laszlo & Federmeier, 2009; Li et al., 
2022; Li & Qu, 2024; Martin et al., 2013; Sohoglu et al., 2012; Wang 
et al., 2024; Wei et al., 2023; Ye & Qu, 2025; Zhao et al., 2024).

A fundamental question in predictive processing during language 
comprehension is how these representations are preactivated. The hi
erarchical predictive processing frameworks posits that language 
comprehension occurs in a top-down manner (Kuperberg & Jaeger, 
2016; Pickering & Garrod, 2013, 2013; Ryskin & Nieuwland, 2023). 
Some of these theoretical frameworks propose that predictions are 
generated within the production system (Pickering & Gambi, 2018; 
Pickering & Garrod, 2013) and follow the same time course as this 
system. Experimental evidence suggests that syntactic processing may 
emerge as early as 70–90 ms, with semantic pre-activation observed 
around 150–200 ms, word-form activation between 180 and 200 ms, 
and phonetic encoding from 110 to 200 ms. The entire production-like 
implementation of prediction would take around 600 ms (Indefrey & 
Levelt, 2004), with higher-level predictions passing down to lower 
levels, each time becoming more fine-grained. For instance, hearing 
“dentist” activates the semantic representation of “mouth”, which then 
triggers the phonological form /maʊθ/.

Consequently, the hierarchical predictive processing framework 
suggests two main characteristics regarding the relationships between 
levels of representation: (1) temporal separation between higher-level 
(semantic) and lower-level (phonological) predictions, and (2) modu
lation of lower-level processing by higher-level predictions.

Several studies have provided some support for a temporal separa
tion between semantic and word-form predictions. For example, Ito 
et al. (2016) found that in highly constrained sentence contexts (e.g., 
“The student is going to the library to borrow a...”), the N400 component 
was reduced at both short (500 ms) and long (700 ms) SOAs (Stimulus- 
Onset Asynchrony) when a predicted word (e.g., book) was replaced 
with a semantically related word (e.g., page). However, this reduction 
only occurred at the longer SOA when the word was replaced with a 
form-related term (e.g., hook). The authors suggested that semantic 

predictions occur earlier and faster than phonological predictions, sup
porting the notion of a temporal separation. Notably, DeLong et al. 
(2019), replicating Ito et al.’s (2016) study, along with other researchers 
using different methodologies (Caliskan et al., 2023; DeLong et al., 
2019; Kim & Lai, 2012; Laszlo & Federmeier, 2009), found word-form 
effects on the N400 at short SOAs (~500 ms), indicating that the tem
poral dynamics of phonological processing might be faster than origi
nally thought.

Similarly, Heilbron et al. (2022) demonstrated that phonemic pre
diction errors were detected before semantic errors using electroen
cephalographic signals paired with large generative language models. 
This finding was interpreted as evidence for the hierarchical nature of 
predictive processing, where phonological predictions follow semantic 
predictions in a temporal sequence.1

Further evidence comes from Li et al.’s (2022) study with Chinese 
speakers using the visual world paradigm. Participants listened to highly 
constrained sentences while observing four images: three unrelated 
pictures and one critical picture, which was either the target, a seman
tically related object, a phonologically related object, or an unrelated 
object. Results showed an increase in looks toward the semantic 
competitor 100 ms before the phonological competitor (see also Li & Qu, 
2024). Although the temporal difference was not statistically tested, 
these results suggest that semantic predictions precede phonological 
predictions.

Finally, Wang et al. (2024) also provided compelling evidence 
through an analysis of brain activity similarity. They found increased 
electroencephalographic similarity before the presentation of expected 
words in both semantically (e.g., bank – loan) and phonologically 
related (e.g., homographs) pairs of sentences. Crucially, the semantic 
effect preceded the word-form effect by 300 ms. This result supports a 
temporal separation between semantic and phonological predictions 
and aligns with previous theoretical estimates derived from production- 
based prediction models (Pickering & Gambi, 2018). However, in a 
conceptual replication of Wang et al. (2024), Angulo-Chavira, Castellón- 
Flores, Carrasco-Ortiz, and Arias-Trejo (2025) also found a temporal 
difference between semantic and form prediction, a very short gap of 
approximately 16 ms. As in Wang et al. (2024), they observed a late 
form-predictive effect, which the authors interpreted as a verification 
process used to fine-tune the prediction.

Despite the relevance of these findings, there are two main gaps in 
the literature. First, although these studies suggest a temporal separation 
between semantic and phonological predictions, further evidence is 
needed to confirm this separation. Direct comparisons between semantic 
and phonological predictions within a single design are necessary to 
evaluate the hierarchical processing framework—as in Wang et al. 
(2024), who contrasted the timing of both effects statistically. Second, 
there is a notable lack of evidence on how higher-level (semantic) pre
dictions modulate lower-level (phonological) predictions. This modu
lation is a key aspect of the hierarchical framework, yet it remains 
underexplored. Investigating whether and how semantic predictions 
influence phonological predictions could provide deeper insights into 
the mechanisms of predictive processing in language comprehension.

To explore hierarchical predictive processing, we used the visual 
world paradigm combined with Divergence Point Analysis (DPA). This 
approach allows us to pinpoint when participants’ gaze patterns start 
shifting toward predicted items (Stone et al., 2021), revealing the timing 
of predictive processing. Across seven experiments, we measured fixa
tions toward semantic and phonological competitors as proxies for this 
hierarchical predictive processing.

In the first experiment, our goal was to understand the timing of 

1 Ito et al. (2016) and Heilbron et al. (2022) provide supporting evidence but 
do not directly demonstrate a temporal separation between semantic and 
phonological representations since they measured brain activity in response to 
a violation of the expected word.
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phonological prediction by tracking participants’ attention to a phono
logical competitor among three distractors. The second experiment used 
the same stimuli but replaced the phonological competitor with a se
mantic one, providing insights into the timing of semantic information 
activation. The third experiment included both semantic and phono
logical competitors to determine whether semantic prediction modu
lates phonological prediction, serving as a marker of top-down influence 
on lower levels of processing. The fourth experiment evaluated the time 
course of semantic and phonological information from a bottom-up 
perspective, focusing on how participants’ gaze shifted when competi
tors were presented without sentence context. The fifth experiment was 
a conceptual replication of the effects observed in the earlier experi
ments, using a within-subjects design. The sixth experiment replaced the 
target’s phonological competitor with the phonological competitor of 
the semantic competitor in order to examine how competitor relation
ships shape the interaction between semantic and phonological pre
dictions. Finally, the seventh experiment tested whether the 
phonological competitor of the semantic competitor is activated even 
when the semantic competitor itself is absent.

If language comprehension predictions are indeed hierarchical, we 
expected participants to look more quickly toward the semantic 
competitor than the phonological one when these competitors were 
presented in isolation. Critically, in the competitive scenario where both 
competitors were presented simultaneously, we anticipated that the 
phonological competitor would exhibit changes in both the temporality 
and magnitude of the effect, reflecting the top-down influence of se
mantic prediction.

2. Experiment 1

Experiment 1 aimed to establish a baseline for the temporality of 
phonological prediction using our specific set of sentences. This baseline 
allowed us to understand how phonological predictions operate inde
pendently within our experimental framework.

2.1. Participants

The final sample consisted of 30 undergraduate students (M = 21.57 
years, SD = 2.08, 10 males) from the Faculty of Psychology at Uni
versidad Nacional Autónoma de México. All participants were native 
Spanish speakers and reported normal or corrected-to-normal vision and 
hearing. Participants considered themselves monolingual; those who did 
not were excluded. Following our exclusion criteria (see section: Data 
Processing and Statistical Analysis), two additional participants were 
not included in the final sample. A power analysis computed on 
G*Power (Faul et al., 2007) indicated that our study required 21 par
ticipants (δadjusted = 0.69, ICC2 = 0.51, α = 0.05, β = 0.80, two-tailed). 
Based on data from Ito et al., 2018, the effect size δ was computed from 
the maximum time difference (− 400 ms) observed in their phonological 
predictive effect. With 16 trials reported, we adjusted δ using the 
average interclass correlation (Brysbaert, 2019) of conditions: phono
logical (M = 0.25, SD = 0.11) and unrelated (M = 0.11, SD = 0.18). 
Thus, our sample size is 42 % larger than our power requirements 
(Brysbaert, 2019) and also matches the sample size and number of trials 
in previous predictive studies using the VWP (Ito et al. (2018), n = 24, 
trials = 16; Kukona (2020), n = 30, trials = 16). This sample size 
calculation was applied to all seven experiments since the predictive 
phonological effect is the smallest. None of the seven experiments, pilot 
studies, or validations involved the same participants. All experiments 
were part of a protocol approved by the Ethics Committee of the Faculty 
of Psychology at Universidad Nacional Autónoma de México (approval 
ID: FPCE_ 21012021_H_AC).

2.2. Stimuli

The stimuli consisted of 32 highly constrained sentences (cloze 

probability >71; see Appendix 1), selected from sentence completion 
norms for Spanish speakers (Angulo-Chavira et al., 2023). All sentences 
were standardized to seven words by adding adverbial phrases or 
removing irrelevant information. To facilitate synchronized predictions, 
we used a similar structure for each sentence and relocated the main 
verb to achieve a consistent final structure: verb + determiner + ex
pected word.

Since the original sentences were modified, we assessed their plau
sibility and cloze probability to ensure that naturalness and predict
ability were preserved. Each measure was evaluated using different 
tasks on the online platform Cognition.org. For plausibility, under
graduate students (n = 60, M = 23.13 years, SD = 3.5, 29 males) rated 
each sentence on a 0–100 scale. The sentences received an average 
plausibility score of 77.46 % (SD = 5.22; Experimental: M = 0.76, SD =
0.05; Filler: M = 0.78, SD = 0.04), significantly above chance level (50 
%, t(31) = 29.69, p < 0.001). For cloze probability, another group of 
undergraduates (n = 60, M = 23.21 years, SD = 3.41, 25 males) 
completed the sentences. The sentences had a higher cloze probability 
(M = 0.96, SD = 0.03; Experimental: M = 0.97, SD = 0.02; Filler: M =
0.95, SD = 0.03) than reported by the corpus.

Of the 32 sentences, 16 were used as experimental and 16 as fillers. 
Each sentence was paired with three competitor words, which were 
phonologically and semantically unrelated to the expected word 
(Appendix 2). To test target predictability, a pilot study was conducted 
(n = 21; M = 23.6 years, SD = 3.30, range = 18–28, 10 males) using a 
similar design as the current experiment. This study demonstrated pre
diction effects in the experimental sentences (Appendix 3), extending 
from − 1050 ms to 2000 ms relative to the auditory target onset (tcluster =

15.90, tmax = 3.830, p < 0.001). The onset of this predictive effect was 
significantly earlier (p < 0.001) than the onset of the expected word (M 
= − 1231.63 ms, CI95% = − 1550 to − 900 ms).2 This pilot study indicates 
that our experimental sentences are reliable in eliciting the prediction of 
the target word.

A phonological competitor of the target (Phon-T) for each experi
mental sentence was selected. The Phon-T competitors were phonolog
ically similar to the final target word, shared its onset, and were 
semantically unrelated (Chow et al., 2017, 2022; Huettig et al., 2011; 
Huettig & McQueen, 2007). Phonological and semantic similarity were 
measured using normalized edit similarity (Yujian & Bo, 2007) and Lin’s 
similarity based on WordNet (Miller, 1995), respectively. The normal
ized edit similarity, ranging from 0 (completely different) to 1 (iden
tical), quantifies changes needed to transform one string into another. 
Results showed Phon-T competitors (median = 0.40, range = 0.25–0.60; 
4 overlapped phonemes) had a higher normalized edit distance (Z =
3.51, p < 0.001) than unrelated competitors (median = 0.03, range =
0.00–0.08; 1 overlapped phoneme), indicating higher phonological 
similarity to the target. This difference is expected, as we specifically 
selected the Phon-T competitor with the highest similarity to the target 
while ensuring it shared no semantic or contextual relationship.

Lin’s similarity measure evaluated semantic similarity using the 
Least Common Subsumer and Informational Content of two concepts 
(Lin, 1998), calculated via WordNet (Miller, 1995) and the Semcor 
corpus (Miller et al., 1994). This measure ranges from 0 (no relation
ship) to 1 (identical). Since our words were in Spanish, we translated 
them into English and selected the WordNet sense that best matched the 
intended meaning. Lin’s similarity between the expected word and 
competitors showed no differences (Z = 1.29, p = 0.196) between the 
Phon-T competitor (median = 0.06, range = 0.00–0.31) and unrelated 
competitors (median = 0.07, range = 0.04–0.27), indicating they are 
semantically unrelated to the target.

Neither the Phon-T nor the unrelated competitor was an expected 
sentence continuation, as they were not generated during the cloze 

2 Statistical analysis followed the parameters described in the Data Process
ing and Statistical Analysis section of Experiment 1.
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probability test. To measure the relationship between the expected 
word, competitors, and sentence context, we used Latent Semantic 
Analysis (LSA), which assumes that words with similar meanings occur 
within the bodies of similar texts. The expected word showed a stronger 
association with the sentence context than the Phon-T (Z = 2.44, p =
0.01) or unrelated competitors (Z = 3.25, p = 0.001), with no difference 
between the Phon-T and unrelated competitors (Z = 0.90, p = 0.35). 
These findings indicate that competitors were not related to the sentence 
context, suggesting our results are not influenced by their association 
with the context.

A male Spanish speaker recorded the sentences in a neutral tone at a 
normal speech rate of 6 syllables per second. The recordings were 
normalized, amplified, and processed to remove background noise using 
Adobe Audition. A Shure MV51 microphone was used with a sample rate 
of 44,100 Hz and 16-bit stereo MP3 quality.

Visual stimuli included real photographs of the target, Phon-T, and 
unrelated competitors. To ensure that each image elicited a consistent 
name across participants, 140 undergraduates (M = 24.27 years, SD =
3.61, 66 male) provided names for the photographs. The pictures were 
divided into two sets, each evaluated by 70 participants. The visual 
stimuli had a 98.43 % (SD = 0.05, range = 53–100) name agreement. 
Only one picture had less than 70 % agreement, with participants using a 
synonym (dona – rosquilla [donut]). Since this picture was part of a filler 
trial and the synonym was phonologically unrelated to the expected 
target, we kept it.

Each picture was adjusted to 300 × 300 pixels and positioned 
equidistantly in a 2 × 2 array on a gray background (RGB: 158, 158, 
158) of 1440 × 1080 pixels. To measure image saliency, we used the 
MATLAB saliency toolbox (Walther & Koch, 2006), which simulates 
bottom-up attention by computing saliency maps based on location, 
colour, and intensity. These maps indicate the most attention-grabbing 
regions. Saliency values for each object in the 2 × 2 array were aver
aged. The Phon-T competitor (median = 0.35, range = 0.19–0.60) was 
not more salient than the unrelated competitors (median = 0.33, range =
0.25–0.39) in the experimental arrays (Z = 0.26, p = 0.79). Thus, 
attention toward Phon-T competitors was not driven by their physical 
properties.

2.3. Experimental design

Each trial lasted 8500 ms, as shown in Fig. 1, with 0 ms marking the 
onset of the expected word. Participants first watched a fixation point 
for 1000 ms (− 6500 to − 5500 ms), followed by four images for 6500 ms 
(− 5500 to 1000 ms). A question mark then appeared for 1000 ms (1000 
to 2000 ms), indicating the response period. The auditory sentences 
began on average 1700 ms before the expected target word. In our 
experiment, the picture preview duration before sentence onset was long 
(3300 ms). This preview time was chosen to ensure that participants 
could fully process both the semantic and phonological features of all 
images prior to hearing the sentence (for a similar long preview see: 
Chow et al., 2022).

The position of each picture in the image array was pseudo-randomly 
assigned, ensuring the expected picture or Phon-T competitor did not 
appear in the same position for more than two consecutive trials. Each 
picture appeared in each position an equal number of times. Positions 
were counterbalanced in four sequences using a Latin square design 
across subjects. Each participant completed 32 trials: 16 fillers and 16 
experimental. Filler trials included the expected word and three unre
lated competitors, while experimental trials featured the Phon-T 
competitor and three unrelated competitors. Participants were instruc
ted to carefully observe the four pictures and listen to the sentence 
played through the speakers. Their task was to determine whether the 
picture corresponding to the expected final word of the sentence 
appeared in the image array. If the picture was present, participants 
were instructed to press the green button; if it was not, they were to press 
the red button. Responses were to be made only after a question mark 

(“?”) appeared on the screen, signaling the response window.

2.4. Procedure

Participants sat approximately 60 cm from the screen of a Tobii 
TX300 eye tracker (23 in, 1920 × 1080 resolution), which records 
binocular gazes at 300 Hz. The eye tracker was positioned below the 
screen, with centrally placed loudspeakers. Participants read in
structions on the screen, completed three familiarization trials, and 
underwent a five-point calibration and four-point validation using Tobii 
Pro Lab software. They were instructed to keep their attention on the 
screen and remain quiet until the experiment ended. Recalibration was 
performed as needed. All 32 trials were completed in a single run.

2.5. Data processing and statistical analysis

Fixations to each quadrant in the 2 × 2 array were computed using 
the Tobii I-VT fixation filter. Track loss analysis was performed using the 
eyetrackingR package (Dink & Ferguson, 2015) in R v4.1.1 (R CoreTeam, 
2020). Trials were excluded if fixation on the four pictures was less than 
50 % during the presentation of auditory stimuli (− 1700 to 1000 ms). 
Participants were excluded if, after track loss exclusion, they had less 
than 50 % of the experimental trials or scored less than 75 % in the 
behavioral task. Data were binned every 50 ms and aggregated across 
subjects.

To fulfill the independence assumption for statistical testing (Ito & 
Knoeferle, 2023), a difference score was computed between the Phon-T 
and unrelated competitors. The difference score was calculated as p 
(Phon-T) - p(unrelated), where p(Phon-T) is the probability of fixating 
on the Phon-T competitor, and p(unrelated) is the average probability of 
fixating on the three unrelated competitors. This measure is symmetrical 
around zero: positive values indicate a preference for the Phon-T 
competitor, negative values indicate a preference for the unrelated 
competitors, and zero indicates no preference.

Two data analyses were conducted to describe the temporality of the 
phonological effect: a non-parametric cluster permutation analysis 
(CPA, Maris & Oostenveld, 2007) to detect the predictive effect and a 
DPA (Stone et al., 2021) to statistically test the onset of the effect.

The CPA was performed from the average sentence onset to the end 
of the picture presentation (− 1700 to 1000 ms relative to the expected 
word onset). The dependent variable was the difference score, which 
was compared using a one-sample t-test against zero. Clusters were 
formed using the sum of adjacent t-values higher than the critical t-value 
(t = 2.04, df = 29) for α = 0.05. The null distribution was created using 
the maximum clusters of 100,000 permutations (Pernet et al., 2015), 
where the mathematical sign of the time series was shuffled and 
compared against zero. The observed cluster was significant if it 
exceeded 95 % of the clusters in the null distribution.

The Divergence Point Analysis (DPA) was computed by testing the 
difference scores against zero using a one-sample t-test, with the 
divergence point defined as the first period in which two consecutive t- 
values exceeded 2.04 (two-tailed, df = 29). Although there is no stan
dardized criterion for determining the required number of consecutive 
bins, some studies use a threshold equivalent to the duration of a single 
fixation (200 ms; Ito & Knoeferle, 2023; Stone et al., 2021). Cluster- 
based permutation analysis, however, can detect effects even within a 
single bin (or two, as in our case), making it unrealistic to expect longer 
effects in the DPA than in the cluster analysis. Moreover, previous 
research on competitor effects in the visual world paradigm often con
siders peak height in a single bin a valid measure of processing 
(McMurray, 2023). Based on this, we chose a two-bin window (50 ms), 
corresponding to the duration of the earliest effect observed in the 
cluster analysis.

Ten thousand bootstrap samples were used to create the distribution 
of probabilities of divergence points, from which the mean and confi
dence interval were calculated. The p-value was computed as the 
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proportion of samples in the bootstrapped distribution that were equal 
to or lower than 0 ms.3

2.6. Results

Two participants were excluded for not meeting the minimum per
formance criteria in the behavioral task (<75 %), resulting in a sample 
of 30 participants. Of the 480 experimental trials, 20 (4.16 %) were 
excluded because participants looked at the image array for less than 50 
% of the analysis window (− 1700 to 1000 ms relative to the expected 
word onset). No additional participants were excluded beyond the 
behavioral exclusion criteria; therefore, the analysis was performed with 
30 participants.

The CPA revealed two significant clusters (Fig. 2). The first cluster 
occurred between − 650 and − 550 ms before the expected word onset 
(tcluster = 8.107, tmax = 2.934, p < 0.001), and the second cluster occurred 
between − 50 ms and 150 ms relative to the presentation of the expected 
word (tcluster = 15.90, tmax = 3.830, p < 0.001). In both clusters, fixations 
on the Phon-T competitor were above chance level (zero).

The DPA revealed that the onset of the phonological effect occurred 
significantly earlier (p < 0.001) than the onset of the expected word (M 
= − 526.32 ms, CI95% -850 to − 100 ms). In sum, both results showed that 
participants activated the phonological word form of the expected word 
before it was heard.

2.7. Discussion

Spanish-speaking participants, who listened to a highly constrained 
sentence (e.g., In the airport, Susan boarded the…) that led to an expected 
noun (e.g., avión [airplane]), looked more at the Phon-T competitor (e. 
g., abrigo [coat]) than at unrelated competitors. Crucially, this prefer
ence occurred before the presentation of the expected word.

To the best of our knowledge, this is the first research to demonstrate 
word-form prediction in native Spanish speakers. Our results, thus, 
extend previous research by showing word-form predictions in language 

comprehension (DeLong et al., 2019, 2005; Dikker et al., 2010, 2009; 
Dikker & Pylkkänen, 2013; Gagnepain et al., 2012; Ito, 2019; Ito et al., 
2016; Kim & Lai, 2012; Kukona, 2020; Laszlo & Federmeier, 2009; Li 
et al., 2022; Martin et al., 2013; Sohoglu et al., 2012; Wang et al., 2024; 
Wei et al., 2023). Furthermore, these results validate our experimental 
stimuli in terms of phonological pre-activation, making them suitable 
for exploring the temporal interaction between semantic and phono
logical prediction.

Notably, the phonological prediction effect exhibited two distinct 
peaks before the onset of the expected word, closely resembling the 
biphasic pattern reported in Ito (2024). In Ito’s meta-analysis, this 
biphasic effect was attributed to differences in preview time: experi
ments with longer preview durations tended to show earlier phonolog
ical prediction effects compared to those with shorter preview times. Ito 
(2024) interpreted this pattern as evidence that phonological prediction 
emerges as soon as sufficient contextual information is available. 
However, Experiment 1 in our study maintained a constant preview time 
across trials, making this interpretation unlikely. Furthermore, although 
some evidence supports the existence of two stages in predictive pro
cessing, no prior visual world studies have reported a clear biphasic 
pattern in phonological prediction (Ito, 2024). Therefore, any inter
pretation of a biphasic effect should be approached with caution.

3. Experiment 2

Experiment 2 aimed to establish a baseline for semantic prediction 
using our specific set of sentences. Instead of a Phon-T competitor, we 
included a semantically related item (Sem-T) along with the same three 
unrelated competitors. This baseline allowed us to understand how se
mantic predictions operate independently and compare their timing to 
the phonological pre-activation observed in Experiment 1.

Hierarchical processing theory suggests that predictions are gener
ated in a top-down manner, with higher-level processes (e.g., semantics) 
influencing lower-level ones (e.g., phonology); therefore, semantic 
predictions are expected to precede phonological predictions. Thus, we 
hypothesized that fixations on the semantically related item in Experi
ment 2 would occur earlier than fixations to the phonological compet
itor observed in Experiment 1.

Fig. 1. Example of trials in all experimental manipulations. Note. The first three experiments used the same timeline and sentences but with different 
arrays of pictures. In Experiment 1, the arrays included a Phon-T competitor (abrigo [coat]) phonologically related to the expected word (avión [airplane]) 
and three unrelated pictures (sierra [saw], ratón [mouse], enchufe [plug]). Experiment 2 presented a Sem-T competitor (cohete [rocket]) semantically related to 
the expected word and three unrelated pictures. Experiment 3 displayed a Phon-T competitor, a Sem-T competitor, and two unrelated distractors. Experiment 3 
and Experiment 4 had the same arrays of images (shown in this figure), but in the latter, participants heard the target word (avión [airplane]) without the 
sentence context to examine bottom-up processing. Experiment 5 included mixed trials from the previous experiments. Experiment 6 introduced a Sem-T 
competitor (cohete [rocket]) and a Phon-S competitor (coco [coconut]), which was phonologically related to the Sem-T competitor but unrelated to the 
target. Experiment 7 displayed the Phon-S competitor (coco [coconut]) in isolation.

3 Note that this comparison point is conservative, as fixations within the first 
200 ms may be considered predictive, given the time required to program an 
eye movement in response to linguistic input.

A.Q. Angulo-Chavira et al.                                                                                                                                                                                                                    Cognition 267 (2026) 106357 

5 



3.1. Participants

Participants were 32 undergraduate students (M = 21.27 years, SD =
1.48, 14 male) from the Faculty of Psychology at Universidad Nacional 
Autónoma de México. All were native Spanish speakers and reported 
normal or corrected-to-normal vision and hearing. Only participants 
who identified as monolinguals were included.

3.2. Stimuli

The stimuli were the same as in Experiment 1, except that the Phon-T 
competitor was replaced with a Sem-T competitor. The Sem-T compet
itor (median = 0.68, range = 0.30–0.86) was more semantically related 
to the expected word than the unrelated competitors (median = 0.07, 
range = 0.04–0.27; Z = 3.51, p < 0.001). However, no significant dif
ferences were found in the normalized edit distance between the Sem-T 
(median = 0.07, range = 0.00–0.20; 2 overlapped phonemes) and un
related competitors (median = 0.02, range = 0.00–0.08; overlapped 
phonemes; Z = 1.81, p = 0.06), indicating that the Sem-T competitor 
shared a semantic but not a phonological relationship with the target.

The Sem-T competitor was not elicited as a continuation of the 
sentence context in the cloze probability task. Latent Semantic Analysis 
showed no differences between the expected target and the Sem-T 
competitor (Z = 1.39, p = 0.16), but higher values for the Sem-T 
competitor compared to unrelated competitors (Z = 2.99, p = 0.003). 
In the naming task, from Experiment 1, the Sem-T competitor picture 
was correctly named by approximately 98 % of participants. There were 
no statistical differences in saliency between the Sem-T (median = 0.39, 
range = 0.19–0.62) and unrelated (median = 0.36, range = 0.29–0.43) 
competitors (Z = 0.26, p = 0.79). Thus, the Sem-T competitor did not 
attract more attention than the distractor images.

3.3. Experimental design

The experimental design mirrored that of Experiment 1. The same 
random order and counterbalancing were used across trials and subjects. 

Participants performed the same task.

3.4. Procedure

The procedure was identical to Experiment 1.

3.5. Data processing and statistical analysis

Data processing and statistical analyses were identical to those in 
Experiment 1, except that the dependent variable was the difference in 
target-looking proportions between the Sem-T competitor and the un
related ones. To compare the phonological effect onset in Experiment 1 
with the semantic effect onset in Experiment 2, we used a bootstrapping 
method (Stone et al., 2021). Differences in target-looking proportions 
(Competitor - Unrelated) were calculated for 10,000 resamples. Effect 
onset was computed over a window from − 1700 to 0 ms with a t-value 
threshold of 2.03. Then, onset times were subtracted (OnsetSem-T - 
OnsetPhon-T), and a 95 % confidence interval was derived from the 
resampled distribution. The p-value was computed as the proportion of 
bootstrapped samples exceeding the null hypothesis of no difference 
between conditions.

3.6. Results

In Experiment 2, 13 (2.53 %) out of 512 experimental trials were 
excluded because participants did not look at the images for more than 
50 % of the analysis window (− 1700 to 1000 ms relative to the expected 
word onset).

The CPA revealed that participants’ fixations on the Sem-T 
competitor were above chance level from − 900 ms to 650 ms relative 
to the expected target presentation (tcluster = 132.011, tmax = 6.201, p <
0.001). This suggests that participants were sensitive to the semantic 
relationship between the expected word and the Sem-T competitor 
during this time window (Fig. 3).

The DPA showed that the onset of the predicted effect occurred, on 
average, at − 858.79 ms (CI95% = − 950 to − 750 ms), which was 

Fig. 2. Experiment 1: Time course of phonological prediction. Note: The lines represent the mean proportion of fixations to the Phon-T competitor (red) 
and the three unrelated pictures (black). Shaded regions represent the standard error. The vertical dashed line indicates the onset of the expected word. 
Horizontal bars in the upper part of the plot indicate the time cluster where participants tended to look at the Phon-T competitor. In the lower part of the 
plot, the distribution of effect onsets is presented, as well as the mean and confidence interval. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the web version of this article.)
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significantly different from the onset of the expected word (0 ms). The 
comparison between Experiment 1 and Experiment 2 (Fig. 4) revealed 
that although the semantic predictive effect preceded the phonological 
one, the onset difference was not significant (p = 0.484, M = 12.95 ms, 
CI95% = − 301 to 300 ms).

3.7. Discussion

Experiment 2 showed that, in highly constrained sentences, partici
pants preferentially fixated on the Sem-T competitor before the onset of 

the expected word. This result is not surprising, since semantic predic
tion has been consistently replicated using different techniques across 
various languages (Karimi et al., 2019; Kukona et al., 2014; Li et al., 
2022; Li & Qu, 2024; Lowder & Ferreira, 2016; Wang et al., 2024, 2020). 
Hence, our experimental stimuli are reliable for measuring semantic 
prediction.

Remarkably, the onset time of phonological prediction in Experi
ment 1 and semantic prediction in Experiment 2 displayed similar time 
courses. This suggests that both types of predictions are generated 
simultaneously, which challenges the hierarchical processing 

Fig. 3. Experiment 2: Time course of semantic prediction. Note: The lines represent the mean proportion of fixations to the Sem-T competitor (blue) and 
the three unrelated pictures (black). Shaded regions represent the standard error. The vertical dashed line indicates the onset of the expected word. The 
horizontal bar in the upper part of the plot marks the time cluster during which participants tended to look at the Sem-T competitor. In the lower part of 
the plot, the distribution of effect onsets is presented, as well as the mean and confidence interval. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the web version of this article.)

Fig. 4. Bootstrapped distribution of phonological and semantic onset differences. Note: The histogram shows the bootstrapped distribution of the time 
difference (in milliseconds) for the divergence point between the phonological effect in Experiment 1 and the semantic effect in Experiment 2. The black 
dashed line at 0 ms marks the reference point of no difference, and the dot and horizontal bar below the histogram represent the mean and 95% con
fidence interval of the bootstrapped estimates, respectively.
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framework. It is important to note that, although the average onset of 
phonological prediction (~530 ms) occurred roughly 300 ms earlier 
than the average onset of semantic prediction (~850 ms), this difference 
did not reach statistical significance, likely due to the variability intro
duced by the two distinct peaks of the phonological effect.

Taken together, these findings suggest that there is no fixed 
sequential time course between semantic and phonological processing. 
Instead, on average, both types of information appear to unfold with 
similar temporal dynamics.

4. Experiment 3

Experiment 3 aimed to evaluate the time course of phonological and 
semantic pre-activation in a competitive environment by presenting 
both the Phon-T and Sem-T competitors in the same array of images.

According to the hierarchical prediction hypothesis, predictions are 
generated in a top-down manner, with higher levels sending predictions 
to lower ones. This implies that higher levels should activate before 
lower levels and also influence them. In our experimental manipulation, 
we assume that semantic representations operate at a higher level in the 
processing hierarchy, influencing lower-level representations such as 
phonology during prediction. Therefore, we hypothesized faster fixation 
on the Sem-T competitor compared to the Phon-T competitor.

4.1. Participants

The final sample included 43 undergraduate students (M = 19.63 
years, SD = 1.23, 12 male) from the Faculty of Psychology at Uni
versidad Nacional Autónoma de México. All participants were native 
Spanish speakers and reported normal or corrected-to-normal vision and 
hearing. Participants who did not identify as monolingual were 
excluded. Three additional participants were excluded due to low 
behavioral performance (n = 2) or for contributing insufficient data (n 
= 1).

4.2. Stimuli

The stimuli were identical to those used in Experiments 1 and 2, 
except that both the Sem-T and the Phon-T competitors were presented 
in the same visual array. To maintain a 2 × 2 array of images, one of the 
three unrelated competitors was randomly excluded.

Based on normalized edit similarity, the Phon-T competitor (median 
= 0.40, range = 0.25–0.60) was found to be more phonologically similar 
to the expected word than both the Sem-T competitor (median = 0.07, 
range = 0.00–0.20; Z = 3.51, p < 0.001) and the average of the two 
unrelated competitors (median = 0.01, range = 0.00–0.11; Z = 3.52, p <
0.001). Although the Sem-T competitor had higher phonological simi
larity than the average of unrelated competitors (Z = 2.15, p = 0.03), its 
values were low.

In terms of Lin’s similarity, the Sem-T competitor (median = 0.68, 
range = 0.30–0.86) had higher semantic similarity than both the Phon-T 
competitor (median = 0.06, range = 0.00–0.30; Z = 3.51, p < 0.001) and 
the average of unrelated competitors (median = 0.06, range = 0.00–0.32; 
Z = 3.51; p < 0.001). However, no differences were found between the 
Phon-T and unrelated competitors (Z = 0.67, p = 0.50).

The Latent Semantic Analysis revealed no significant difference be
tween the Sem-T (median = 0.33, range = 0.06–0.50) and Phon-T com
petitors (median = 0.19, range = 0.07–0.46) in their relationship with 
the sentence context (Z = 1.91, p = 0.056), nor between the unrelated 
(median = 0.19, range = 0.06–0.27) and Phon-T competitors (Z = 1.39, p 
= 0.16). However, the Sem-T competitor had higher values than the 
unrelated competitors in their relationship with the sentence context (Z 
= 3.15, p = 0.02). This indicates that, although the semantic competitor 
was an unexpected continuation of the sentence, it was more related to 
the context than the unrelated competitors, but not more than the Phon- 
T one.

Furthermore, the saliency analysis revealed no significant differ
ences among the Phon-T (median = 0.41, range = 0.28–0.84), Sem-T 
(median = 0.59, range = 0.26–0.73), or the average of unrelated com
petitors (median = 0.51, range = 0.27–0.67) in the saliency values (Phon- 
T - Sem-T: Z = 1.08, p = 0.27; Phon-T - unrelated: Z = 0.36, p = 0.71; 
Sem-T - unrelated: Z = 1.29, p = 0.19). These results suggest that, on 
average, the physical features of the competitors did not attract bottom- 
up attention.

4.3. Experimental design

The design was similar to Experiment 1, but both the Sem-T and 
Phon-T competitors were presented in the same image array. Pictures 
were displayed in a pseudo-random order, ensuring no more than two 
consecutive trials of the same type (experimental or filler). Each 
competitor appeared equally across all positions, and the positions of the 
Sem-T and Phon-T competitors were not repeated for more than two 
consecutive trials. A Latin square design was used to counterbalance the 
order of trials across subjects.

4.4. Procedure

The procedure followed was identical to that of Experiment 1. The 
visual world paradigm and the experimental setup remained the same.

4.5. Data processing and statistical analysis

Data processing was identical to Experiment 1, with the only dif
ference being that the difference scores were computed separately for 
the Sem-T and Phon-T competitors relative to the unrelated competitors. 
For the statistical analysis, cluster analysis was performed indepen
dently for each competitor, using the same parameters as in Experiment 
1.

Difference scores for the Sem-T and Phon-T competitors were 
compared using the same parameters for the CPA. However, the time 
series were compared using paired t-tests, and permutations were per
formed by shuffling the data between conditions.

The DPA was conducted using the same parameters as in Experiment 
1, but separately for each competitor. Additionally, we performed an 
exploratory DPA over the integration window (0 to 600 ms relative to 
target onset) because, contrary to expectations, no phonological effects 
were observed in the prediction window. Interestingly, the CPA, which 
was part of the original analysis plan, revealed a phonological effect 
within the integration window. This effect was unexpected, as previous 
studies demonstrating phonological prediction typically do not report 
bottom-up phonological effects, except in tasks involving explicit 
phonological awareness (Ito, 2024). Based on this finding, we sought to 
determine whether the observed bottom-up phonological effect 
occurred early enough to be considered predictive.

Given the short duration of the observed effect in the cluster analysis 
(one significant sample), a lower threshold of t-values (1.96) was used to 
map the effect onset with at least two samples. Although this threshold is 
lower than that used for measuring the effect, it corresponds to the 
critical value for a standard normal distribution and has been used in 
previous research (Corps et al., 2022; Stone et al., 2021).

4.6. Results

Out of the 688 experimental trials completed by the 43 participants, 
54 (7.84 %) were excluded as participants did not look at the image 
array for more than 50 % of the analysis window (− 1700 to 1000 ms 
relative to the expected word onset).

The CPA revealed (Fig. 5) that participants looked significantly more 
at the Sem-T competitor than would be expected by chance from − 600 
to 550 ms relative to the expected target presentation (tcluster = 107.66, 
tmax = 6.199, p < 0.001). In contrast, increased fixation on the Phon-T 
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competitor above chance level occurred only in the period of 250 ms 
after the presentation of the expected word (tcluster = 2.164, tmax = 2.164, 
p = 0.018). Furthermore, participants looked more at the Sem-T 
competitor than the phonological competitor from − 400 to 600 ms 
relative to the expected word onset (tcluster = 82.244, tmax = 5.211, p <
0.001).

The DPA demonstrated that the onset of the semantic prediction 
effect occurred at − 595.67 ms (CI95% = − 750 to − 500 ms), significantly 
earlier than the onset of the expected word (p < 0.001), suggesting that 
participants predicted semantic information. Surprisingly, the DPA also 
detected an effect in the phonological trials, with an average onset of 
− 510.96 ms (CI95% = − 1263 to − 400 ms). However, this result does 
not conclusively indicate a phonological prediction effect, as the DPA 
was not specifically designed to test for such effects (Ito & Knoeferle, 
2023). Furthermore, in the exploratory analysis of the integration win
dow, the DPA showed that the onset of the phonological bottom-up ef
fect was, on average, 217 ms (CI95% = 150 to 300 ms). This result 
indicates that the phonological effect was significantly later than the 
target onset (p < 0.001).

4.7. Discussion

Experiment 3 showed participants looked at the Phon-T competitor 
only after hearing the expected word, but they fixated on the Sem-T 
competitor before and after hearing it. This finding—obtained using 
the same sentences and stimuli as Experiment 1—contradicts the earlier 
evidence of a reliable phonological predictive effect.

This modulation can be explained in two ways. First, participants 
might not have had enough time to predict the phonology of the target 
(Huettig & Mani, 2016; Pickering & Gambi, 2018). They may have only 
predicted the semantics of the target and then performed bottom-up 
phonological processing when hearing the expected word (Chow 
et al., 2017, 2022; Huettig & McQueen, 2007). However, this explana
tion seems unlikely, given that in Experiment 1, participants had enough 
time to make phonological predictions without any temporal difference 
with the semantic effect of Experiment 2. Second, the effects of the Sem- 

T competitor were stronger and more reliable than those of the Phon-T 
competitor, leading participants to prioritize predictive looks toward the 
Sem-T competitor. From this perspective, it is possible that phonological 
information was either not predicted or, if it was, its influence may have 
been overshadowed by the dominant semantic effect. The latter aligns 
with hierarchical processing, in which lower levels depend on higher 
levels and semantic processing is prioritized. Nonetheless, it remains 
important to determine whether phonological information was actually 
predicted.

If phonological prediction were undetectable, its pre-activation 
should still influence bottom-up processing. In Experiment 3, the 
phonological bottom-up effect was observed at 250 ms according to the 
CPA. However, our exploratory DPA indicated that the effect began, on 
average, at 217 ms, with a relatively wide confidence interval (150–300 
ms). Given that participants typically require approximately 200 ms to 
initiate an eye movement based on linguistic input—and that previous 
studies have shown variability in the timing of such effects (200–400 ms; 
Chow et al., 2017, 2022; Huettig et al., 2011; Huettig & McQueen, 
2007)—it remains unclear whether the timing of this effect reflects the 
expected processing sequence or if it was influenced by some form of 
facilitation. To explore these possibilities, we conducted Experiment 4.

5. Experiment 4

In Experiment 3, phonological prediction was not demonstrated; 
however, a phonological bottom-up effect was observed after the pre
sentation of the expected word. We hypothesized that this effect was 
facilitated by sentence context. Alternatively, it is possible that the 
timing of the phonological bottom-up effect is within the expected 
range, given the substantial variability observed across experimental 
manipulations (Apfelbaum et al., 2021; Chow et al., 2022; Huettig et al., 
2011; Huettig & McQueen, 2007). To test these hypotheses, Experiment 
4 used the same visual stimuli as Experiment 3 but presented only the 
target word without the context of the sentence.

Fig. 5. Experiment 3: Time course of phonological and semantic prediction. Note: Lines represent the mean proportion of fixations to the Phon-T 
competitor (red), the Sem-T competitor (blue), and the two unrelated pictures (black). Shaded regions represent the standard error. The vertical 
dashed line indicates the onset of the expected word. Horizontal bars in the upper part of the plot indicate the time cluster where participants tended to 
look at the Phon-T (red) and Sem-T (blue) competitors, with the difference between both competitors shown in black. In the lower part of the plot, the 
distribution of effect onsets is presented, as well as the mean and confidence interval. (For interpretation of the references to colour in this figure legend, the 
reader is referred to the web version of this article.)

A.Q. Angulo-Chavira et al.                                                                                                                                                                                                                    Cognition 267 (2026) 106357 

9 



5.1. Participants

The final sample consisted of 32 undergraduate students (M = 22.65 
years, SD = 2.75, 11 male) from the Faculty of Psychology at Uni
versidad Nacional Autónoma de México. Participants were native 
Spanish speakers and reported normal or corrected-to-normal vision and 
hearing. Only participants who identified as monolingual were included 
in the study. Gaze data could not be recorded for seven participants due 
to calibration failures. Three additional participants were excluded due 
to low behavioral performance (n = 2) or for contributing insufficient 
data (n = 1).

5.2. Stimuli

The stimuli used were identical to those used in Experiment 3.

5.3. Experimental design

The experimental design was identical to that of Experiment 3, 
except that the expected word was presented without the sentence 
context, and it appeared 1100 ms earlier to allow sufficient time to 
evaluate the bottom-up effect. It is important to note that this reduction 
in preview time still left 4400 ms of preview, which is enough time to 
elicit a phonological effect (Apfelbaum et al., 2021; Huettig & McQueen, 
2007).

5.4. Procedure

The procedure was identical to that of Experiment 3, except that 
participants listened to a single target word instead of a full sentence.

5.5. Data processing and statistical analysis

Data processing was identical to Experiment 3, with a few adjust
ments. The analysis window was changed to 0 to 2100 ms relative to the 
critical word onset, and the cleaning processes were applied only within 

this analysis window. To measure the differences in the onset of 
phonological and semantic effects, a bootstrapping method was used to 
compute the difference between the two competitors. Additionally, 
bootstrapping was applied to compare the phonological effects in 
Experiment 3 and Experiment 4 to estimate any phonological facilitation 
from the sentence context in Experiment 3. Due to differences in the time 
windows between experiments, divergence point analysis was per
formed over a window from 0 to 800 ms, encompassing the onset of 
phonological effects in both experiments according to the confidence 
interval. A lower threshold (t = 1.96) was used to capture the effect in 
Experiment 3.

5.6. Results

In this experiment, the analysis included 491 out of the 512 experi
mental trials (96.09 %), after applying the trial inclusion criteria (>50 % 
of fixations in the window from 0 to 2100 ms).

The CPA revealed two significant clusters where participants looked 
more at the Sem-T competitor, above chance level (Fig. 6). The first 
cluster occurred from 650 to 1450 ms after the onset of the critical word 
(tcluster = 94.765, tmax = 9.334, p < 0.001), and the second appeared at 
the end of the trials, from 1800 to 1950 ms after the onset of the critical 
word (tcluster = 9.861, tmax = 2.659, p = 0.002). Furthermore, partici
pants looked at the Phon-T competitor more, above chance level, from 
650 to 950 ms relative to the target onset (tcluster = 18.808, tmax = 3.870, 
p < 0.001). Finally, participants looked more at the Sem-T competitor 
than the Phon-T competitor in two time periods: 800 to 1350 ms (tcluster 
= 57.879, tmax = 7.205, p < 0.001) and 1750 to 1900 ms (tcluster =

10.524, tmax = 2.710, p = 0.004).
The divergence point analysis revealed that the onset of the semantic 

bottom-up effect was at 601.98 ms (CI95% = 550 to 650 ms). Similarly, 
the onset of the phonological effect was at 636.84 ms on average (CI95% 
= 550 to 800 ms). Bootstrapping the difference in onset between con
ditions showed that the effects differed by an average of 34.28 ms (CI95% 
= − 150 to 50 ms). This difference in time was not statistically significant 
(p = 0.904), indicating that both the semantic and phonological effects 

Fig. 6. Experiment 4: Time course of phonological and semantic bottom-up processing. Note: Lines represent the mean proportion of fixations to the 
Phon-T competitor (red), the Sem-T competitor (blue), and the three unrelated pictures (black). Shaded regions represent the standard error. Zero in
dicates the onset of the target word. Horizontal bars in the upper part of the plot indicate the time cluster where participants tended to look at the Phon-T 
(red) and Sem-T (blue) competitors, with the difference between both competitors shown in black. In the lower part of the plot, the distribution of effect 
onsets is presented, as well as the mean and confidence interval. (For interpretation of the references to colour in this figure legend, the reader is referred to the 
web version of this article.)
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were present at the same time.
Furthermore, the comparison of phonological effect onsets between 

Experiment 3 and Experiment 4 showed an average difference of 408.22 
ms (CI95% = 250 to 500 ms). This difference was statistically significant 
(p = 0.003), indicating that the phonological effect in Experiment 3 
occurred significantly earlier than in Experiment 4 (Fig. 7).

5.7. Discussion

Experiment 4 produced both semantic and phonological bottom-up 
effects. As hypothesized, the phonological effect occurred later than in 
Experiment 3. This result suggests that the sentence context in Experi
ment 3 facilitated the bottom-up processing of phonological informa
tion, either because it supported the prediction of phonological forms or 
because the phonological information was easier to integrate with the 
preceding sentence context.

However, a confound that cannot be overlooked is that participants 
were not the same across experiments. This is important because lan
guage prediction is known to vary based on individual differences in 
general cognitive abilities such as working memory, processing speed, 
vocabulary, and reading skills (Huettig, 2015; Huettig & Mani, 2016; 
Pickering & Garrod, 2013; Ryskin & Nieuwland, 2023). In particular, 
phonological prediction appears to be especially sensitive to language 
proficiency and age (Ito, 2024). It is therefore possible that differences in 
phonological effects across experiments were simply due to individual 
differences in participant profiles.

Furthermore, the difference in the time course between Experiment 3 
and Experiment 4 may be attributed to methodological factors, such as 
the use of full sentences in Experiment 3 versus isolated words in 
Experiment 4. It is possible that the processing of isolated words follows 
a different temporal trajectory compared to words embedded within 
sentences.

Finally, as we noted, some post hoc analytical decisions—such as 
measuring the phonological effect within the integration window using 
the DPA in Experiment 3 or comparing phonological effects in the 
integration window across Experiments 3 and 4—were made in response 
to the unexpected results. However, these decisions carry the risk of 
inflated false-positive rates, as they violate the assumption that 

statistical tests are independent of the data exploration process.
To address these limitations, Experiment 5 was designed as a con

ceptual replication of the first four experiments using a within-subjects 
design. Crucially, it also incorporated the previously developed analyses 
into the analysis plan.

6. Experiment 5

Experiment 5 is a conceptual replication of the previous experiments, 
designed to determine whether the effects observed earlier might be 
attributable to individual differences across participant groups. Addi
tionally, it aimed to replicate the previous findings with an independent 
sample.

6.1. Participants

The final sample comprised 152 participants (M = 20.44 years, SD =
2.28; 69 male), following the same inclusion criteria as the previous 
experiments. Participants who did not identify as monolingual were 
excluded. Three additional participants were excluded due to insuffi
cient valid data.

6.2. Experimental design

This within-subjects experiment used the same stimuli and overall 
design as the previous experiments. The only modification was that the 
16 experimental trials were evenly distributed across the four experi
ments. For clarity, we refer to the trials from each experiment as Con
ditions. In Condition 1, each participant completed four trials from 
Experiment 1; in Condition 2, four from Experiment 2; in Condition 3, 
four from Experiment 3; and in Condition 4, four from Experiment 4. 
The order of trials from each experiment was counterbalanced, and the 
presentation of all target words followed a Latin square design.

In the original version of Experiment 4, participants were exposed 
only to the expected word without the sentence context. To improve 
consistency across conditions and enable more balanced comparisons 
across experiments, we added low-cloze sentences to the trials in Con
dition 4. We also created low-cloze versions of the filler sentences to 

Fig. 7. Bootstrapped distribution of phonological onset differences in Experiments 3 and 4. Note: The histogram shows the bootstrapped distribution of 
the time difference (in milliseconds) for the divergence point between phonological effects in Experiment 3 and Experiment 4. The black dashed line at 0 
ms marks the reference point of no difference, and the dot and horizontal bar below the histogram represent the mean and 95% confidence interval of the 
bootstrapped estimates, respectively.
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prevent participants from identifying experimental trials based on sen
tence type. As a result, participants heard 16 experimental trials (12 
high-cloze, 4 low-cloze) and 16 filler trials (8 high-cloze, 8 low-cloze).

In these new sentences, the expected target had a low cloze proba
bility (M = 0.82 %, SD = 1.36, range = 0–5; Participants: n = 80, M =
21.57 years, SD = 2.20, 38 male). This low value does not indicate that 
the target word was unexpected, but rather that the sentences were low 
in contextual constraint. This is supported by the cloze probability of the 
most frequent completion, which averaged 7.1 % (SD = 3.7, range =
2.5–18.8). Moreover, an independent group of participants (n = 80, M 
= 21.52 years, SD = 2.32, 36 male) rated these new sentences as highly 
plausible (M = 87.02 %, SD = 3.18, range = 83.77 % - 92.95%).

6.3. Procedure

The procedure was identical to that of Experiment 1. The visual 
world paradigm and experimental setup remained the same, with the 
only difference being that participants were presented with trials drawn 
from the four previous experiments.

6.4. Data processing and statistical analysis

We performed the CPA and DPA analyses using the same parameters 
as in all previous experiments, applying a threshold t-value of 1.97, 
corresponding to an alpha level of 0.05 with 151 degrees of freedom. 
The CPA was conducted from − 1700 to 1000 ms for trials corresponding 
to Conditions 1, 2, and 3, and from 0 to 1000 ms for those from Con
dition 4.

For the DPA, we analyzed the time window from − 1700 to 0 ms for 

trials from Conditions 1 and 2, as well as for the Sem-T competitor from 
Condition 3, in order to capture predictive effects. In contrast, we 
measured the DPA from 0 to 1000 ms for the Phon-T competitor of 
Condition 3 and Condition 4 to assess bottom-up effects. All DPAs were 
time-locked to 0 ms, the onset of the auditory target, to determine 
whether an effect could be classified as predictive.

Additionally, we compared the onset of effects between Conditions 1 
and 2 and also compared the phonological effects in the integration 
window between Conditions 3 and 4.

6.5. Results

After applying exclusion criteria, we analyzed 2373 trials (97.57 %) 
from 152 participants (Condition 1: 592; Condition 2: 591; Condition 3: 
597; Condition 4: 593). Fig. 8 presents the results across the four con
ditions, and Table 1 summarizes the statistical outcomes of the CPA and 
DPA analyses.

The results revealed clear evidence of both phonological and se
mantic prediction (Table 1) in Condition 1 (Fig. 8, upper left panel) and 
Condition 2 (Fig. 8, upper right panel), where the respective competitors 
were presented in isolation. Notably, the DPA analysis (Difference =
453.82 ms, CI95% = 300–650, p = 0.006) indicated that the semantic 
effect emerged earlier than the phonological effect.

In Condition 3, where both the Sem-T and Phon-T competitors were 
presented simultaneously within highly constrained sentences, a se
mantic prediction effect emerged (Table 1); however, the phonological 
effect did not appear until after the onset of the expected word (Fig. 8, 
bottom left). In contrast, trials from Condition 4, in which the same 
competitors were presented in low-cloze sentences, showed evidence of 

Fig. 8. Time course of semantic and phonological effects in Experiment 5. Note: Upper left: Condition 1, where the Phon-T competitor was presented in 
isolation. Upper right: Condition 2, where the Sem-T competitor was presented in isolation. Bottom left: Condition 3, where both Sem-T and Phon-T 
competitors were presented in competition in highly constrained sentences. Bottom right: Condition 4, where both competitors were presented in 
low-constraint sentences. Lines represent the mean proportion of fixations to the Phon-T competitor (red), the Sem-T competitor (blue), and the unrelated 
competitors (black). Shaded regions represent the standard error. The vertical dashed lines indicate the onset of the expected word. Horizontal bars in the 
upper part of the plots indicate the time cluster where participants tended to look at the Phon-T (red) and Sem-T (blue) competitors. In the lower part of 
the plot, the distribution of effect onsets is presented, as well as the mean and confidence interval. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the web version of this article.)

A.Q. Angulo-Chavira et al.                                                                                                                                                                                                                    Cognition 267 (2026) 106357 

12 



both semantic and phonological integration effects (Fig. 8, bottom 
right).

Crucially, the DPA analysis comparing phonological integration ef
fects across conditions (Condition 3 and Condition 4) revealed that 
phonological activation occurred significantly earlier when target words 
were preceded by highly constrained sentences (Difference = 288.89 
ms, CI95% = 150–500, p = 0.005) compared to low-constraint sentences 
(Fig. 9, right).

6.6. Discussion

Experiment 5 was designed to conceptually replicate and validate the 
findings of the previous four experiments. As expected, participants 
showed anticipatory looks to the Phon-T in Condition 1 and to the Sem-T 
in Condition 2.

Contrary to the original experiments, the semantic predictive effect 
in Condition 2 emerged earlier than the phonological effect in Condition 
1, whereas in our initial between-subjects experiments no temporal 
differences were observed. This discrepancy may be explained by the 
high variability in Experiment 1 (Fig. 2). As noted in the discussion of 
Experiment 1, the phonological effect appeared to be “biphasic”; how
ever, we did not observe this biphasic peak in the current experiment. It 
is possible that, during the bootstrapping procedure, some participants 
showed the effect earlier than others, producing two apparent peaks of 
the phonological effect in the original experiment. In contrast, with a 
larger sample size and a within-subjects design, this variability was 
reduced, yielding a single, more stable peak. This explains why the 
~300 ms gap between the semantic and phonological effects in the 
between-subjects comparison was not statistically significant, whereas 
the larger gap observed in the current experiment (~450 ms) reached 

significance. The increased sample size reduced the standard error, 
making the temporal onset estimates more stable. Therefore, in light of 
the robust evidence from the current experiment, along with recent 
findings (Angulo-Chavira, Castellón-Flores, Carrasco-Ortiz, & Arias- 
Trejo, 2025; Wang et al., 2024), we believe the most parsimonious 
interpretation is that semantic information is indeed accessed earlier 
than phonological information during prediction.

Furthermore, in Condition 3, we replicated the semantic effect dur
ing the predictive window, but the phonological effect emerged only 
after the presentation of the auditory target (as in Experiment 3). In the 
current experiment, the phonological bottom-up effect consistently 
appeared earlier in Condition 3 than in Condition 4, mirroring the 
original comparison between Experiments 3 and 4.

Hence, results from Experiment 3 and Condition 3 show that intro
ducing the semantic competitor affected the predictive processing of the 
phonological competitor. Moreover, the within-subjects design ruled out 
the possibility that the temporal differences in the phonological bottom- 
up effect between Experiments 3 and 4 were driven by individual dif
ferences in processing speed. Instead, we confirmed that constrained 
contexts facilitated phonological processing once the target was heard.

As stated earlier, although our results suggest that the semantic 
competitor was prioritized over the phonological one, consistent with 
the hierarchical framework, the source of facilitation remains unclear, as 
the onset of the effect occurred at an average of 201 ms—right at the 
typical threshold for responding to the target word (200 ms; Viviani, 
1990). Thus, bottom-up processing could be facilitated either because 
integration into the sentence context is easier or because phonological 
prediction was present in the background and reinforced by the 
phonological information of the target.

An important question arises: how does the semantic competitor 

Table 1 
Statistical results of the within subject experiment.

Condition Competitor Cluster permutation análisis Divergence point analysis

Start End tcluster tmax p Onset CI95% p

Condition 1 Phon-T − 700 − 550 10.445 2.937 0.001 − 746.20 − 850 to − 600 <0.001
Condition 2 Sem-T − 1250 − 850 24.009 3.983 0.031

− 1200 − 1300 to − 1100 <0.001Condition 2 Sem-T − 750 − 350 23.495 2.98 0.034
Condition 2 Sem-T − 200 650 77.186 6.408 <0.001
Condition 3 Phon-T 150 300 9.914 2.566 0.014 201.87 100–250 <0.001
Condition 3 Sem-T − 750 550 119.63 7.044 <0.001 − 799.82 − 1150 to − 700 <0.001
Condition 4 Phon-T 500 550 5.017 2.665 0.002 490.34 400–700 <0.001
Condition 4 Sem-T 500 1000 53.236 6.598 <0.001 544.65 500–600 <0.001

The p-value from the divergence point analysis compares the distribution of effect onsets against the onset of the expected word.
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Fig. 9. Distribution of temporal difference between onset effects in Experiment 5. Note: Left: comparison between phonological effect trials (Condition 1) 
and semantic effects trials (Condition 2). Right: comparison between phonological bottom-up effects in trials corresponding with Conditions 3 and 4. The 
histograms display the distribution of onset differences from 10,000 bootstrap iterations, with the dashed lines representing the null onset difference.
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interfere with processing of the phonological competitor? One possi
bility is that participants focused on the semantic competitor not only 
because it was semantically related to the expected word but also 
because it was more closely related to the sentence context than the 
phonological competitor. According to the LSA measures, the semantic 
competitor was more contextually related than the unrelated competi
tors, although not significantly more than the phonological competitor 
(but marginally significant: p = 0.056). In this case, even if the 
phonology of the expected target is pre-activated, participants may 
direct their attention toward the image that appears most related to the 
sentence context.

An alternative explanation is that, although the semantic competitor 
is not the expected sentence ending, its shared semantic features may be 
sufficient for it to be treated as a potential target. This is relevant within 
the experimental context because the expected target was absent. This 
would activate its phonological form, which in turn could interfere with 
the phonology of the expected target. As a result, attention to the 
phonological competitor would be reduced, since the phonological 
features being activated would now be those associated with the se
mantic competitor. Experiment 6 was designed to investigate this 
possibility.

7. Experiment 6

Experiment 6 aimed to evaluate whether the suppression of phono
logical prediction arises because participants consider the semantic 
competitor as a potential expected target, even if it is not expected in the 
sentence context. This hypothesis suggests that participants activate the 
phonology of the semantic competitor, which leads to the suppression of 
the phonology of the expected target.

7.1. Participants

The final sample consisted of 52 undergraduate students (M = 22.11 
years, SD = 3.37; 23 male) from the Faculty of Psychology at Uni
versidad Nacional Autónoma de México. All participants were native 
Spanish speakers with normal or corrected-to-normal vision and hear
ing. Only those who identified as monolingual were included. One 
additional participant was removed due to insufficient data resulting 
from inattention.

7.2. Stimuli

The stimuli were identical to those used in Experiment 3, except that 
the Phon-T competitor was replaced (Appendix 2). Instead of being 
phonologically related to the expected target, the new phonological 
competitor was phonologically related to the Sem-T competitor (Phon- 
S). For example, in the sentence “The mouse was chased by the cat,” if 
the semantic competitor (Sem-T) was “dog” and the original phono
logical competitor (Phon-T) was “cup” (phonologically related to the 
target “cat”), it was replaced with a word like “doll,” which is phono
logically related to the semantic competitor “dog” (Phon-S).

Based on normalized edit similarity, the Phon-S competitor (median 
= 0.63, range = 0.51–0.85) was found to be more phonologically similar 
to the semantic competitor than the two unrelated distractors (median =
0.00, range = 0.00–0.11; Z = 3.51, p < 0.001) and the expected target 
(median = 0.00, range = 0.00–0.11; Z = 3.51, p < 0.001).

In terms of Lin’s similarity, the Phon-S competitor (median = 0.04, 
range = 0.01–0.09) had low semantic similarity with the expected target 
(median = 0.04, range = 0.01–0.09; Z = 0.52, p = 0.95) and the average 
of the unrelated competitors (median = 0.03, range = 0.01–0.12; Z =
0.52; p = 0.95).

The LSA revealed that the Phon-S competitor (median = 0.17, range 
= 0.00–0.43) had lower LSA than the expected target (median = 0.42, 
range = 0.10–0.60; Z = 2.92, p = 0.004), but did not differ from the 
average of unrelated competitors (median = 0.17, range = 0.07–0.27; Z 

= 0.46, p = 0.64).
The saliency analysis revealed no significant differences in the sa

liency values (X2 (2) =3.50, p = 0.17) among the Phon-S (median = 0.55, 
range = 0.28–0.86), semantic (median = 0.59, range = 0.29–0.84), or the 
average of unrelated competitors (median = 0.45, range = 0.31–0.80). 
These results suggest that, on average, the physical features of the 
competitors did not attract bottom-up attention.

7.3. Experimental design

The design was similar to Experiment 3, but the Phon-T competitor 
was replaced by the Phon-S competitor; thus, both the Sem-T and the 
Phon-S competitor were presented together. Pictures were displayed in a 
pseudo-random order but following the same order as Experiment 3.

7.4. Procedure

The procedure followed was identical to that of Experiment 1. The 
visual world paradigm and the experimental setup remained the same, 
with the only difference being the presentation of both the Sem-T and 
Phon-S competitors.

7.5. Data processing and statistical analysis

Data processing was identical to Experiment 3. For the statistical 
analysis, cluster analysis was performed independently for each 
competitor, using the same parameters as in Experiment 3. Difference 
scores between the Sem-T and Phon-S competitors were compared using 
the same parameters for the CPA as in Experiment 3. The DPA was 
conducted independently for each Sem-T and Phon-S competitors using 
the same parameters as in Experiment 3.

7.6. Results

Out of the 832 experimental trials performed by the 52 participants, 
22 (2.64 %) were excluded due to participants not looking at the images 
for more than 50 % of the analysis window (− 1700 to 1000 ms relative 
to the expected word onset). Participants who did not identify as 
monolingual were excluded. One additional participant was excluded 
due to insufficient valid data.

The CPA revealed (Fig. 10) that participants looked significantly 
more at the Sem-T competitor, above chance level, from − 750 to 650 ms 
relative to the expected target presentation (tcluster = 129.79, tmax =

6.167, p < 0.001). In contrast, they looked more at the Phon-S 
competitor, above chance level, from − 800 to − 750 ms (tcluster =

5.211, tmax = 2.686, p = 0.035). Furthermore, participants looked more 
at the Sem-T competitor than the Phon-S competitor from − 650 to 500 
ms relative to the expected word onset (tcluster = 92.89, tmax = 6.129, p <
0.001).

The DPA demonstrated that the onset of the Sem-T prediction effect 
occurred at − 753.86 ms (CI95% = − 900 to − 750 ms). This temporality 
was significantly earlier than the onset of the expected word (p < 0.001), 
suggesting that participants predicted semantic information. Further
more, an effect in the Phon-S trials began at − 838.25 ms on average 
(CI95% = − 850 to − 650 ms). This effect occurred significantly earlier 
than the onset of the expected word (p < 0.001). On average, the Phon-S 
effect occurred 78.62 ms (CI95% = − 850 to − 650 ms) earlier than the 
Sem-T effect (Fig. 11); however, this temporal gap was not significant (p 
= 0.177).

7.7. Discussion

Experiment 6 elicited both semantic and phonological prediction 
effects. Notably, the predicted phonology (Phon-S) corresponded to that 
of the semantic competitor (Sem-T) rather than the expected target. 
Since both types of prediction were observed, these findings support the 
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idea that the semantic competitor is treated as a plausible expected 
target, thereby interfering with the phonology of the actual target.

Importantly, the results of Experiment 6 only demonstrate that the 
phonology of the semantic competitor is predicted because the semantic 
competitor is present in the array of images. In Experiment 3, our main 
hypothesis for interpreting the phonological bottom-up facilitation 
observed is that, even if the Sem-T competitor is considered as a new 
target, the expected target is also preactivated. This suggests that both 
lexical candidates are predicted in parallel. It also implies that, even 

when the semantic competitor is not present as a possible target, its 
phonology may still be activated. Hence, the sentence context appears to 
preactivate not only the semantics of the two lexical candidates but also 
their phonology.

Previous work has provided evidence for the parallel prediction of 
potential targets at the semantic level (Brothers et al., 2023; Luke & 
Christianson, 2016). However, to the best of our knowledge, there is no 
evidence for the parallel prediction of phonology. The closest evidence 
comes from mediated priming studies (Angulo-Chavira & Arias-Trejo, 

Fig. 10. Experiment 6: Time course of Sem-T and Phon-S predictions. Note: Lines represent the mean proportion of fixations to the Phon-S competitor 
(purple), the Sem-T competitor (blue), and the two unrelated pictures (black). Shaded regions represent the standard error. The vertical dashed line 
indicates the onset of the expected word. Horizontal bars in the upper part of the plot indicate the time cluster where participants tended to look at the 
Phon-S (purple) and Sem-T (blue) competitors, with the difference between both competitors shown in black. In the lower part of the plot, the distri
bution of effect onsets is presented, as well as the mean and confidence interval. (For interpretation of the references to colour in this figure legend, the reader 
is referred to the web version of this article.)

Fig. 11. Distribution of gaps between Sem-T and Phon-S prediction effects. Note: The histogram displays the distribution of onset differences from 10,000 
bootstrap iterations, with the dashed line representing the null onset difference.
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2018; Balota & Lorch, 1986; Chwilla et al., 2000; Huang & Snedeker, 
2011; Jescheniak et al., 2006; Kandel & Snedeker, 2024; Mani et al., 
2012; O’Seaghdha & Marin, 1997), which are grounded in spreading 
activation models (Anderson, 1983; Dell, 1986). In those studies, a word 
such as “key” primes the word “dog” through the semantically and 
phonologically related word “door”.

The problem with this proposal is that such effects are inherently 
weaker (Dell & O’Seaghdha, 1991), since phonological activation de
pends first on the association between the prime and the mediator, and 
then on the association between the mediator and the target. Moreover, 
those effects appear to occur only under restricted conditions (Levelt, 
Schriefers, et al., 1991; Levelt, Vorberg, & Pechman, 1991). Even so, 
some authors have suggested that the interactivity proposed by 
spreading activation models may help explain certain prediction effects 
(Angulo-Chavira, Castellón-Flores, & Arias-Trejo, 2025; Angulo-Cha
vira, Castellón-Flores, Carrasco-Ortiz, & Arias-Trejo, 2025; Dell, 2013; 
Dell & Chang, 2014; Kukona, 2020).

Finally, it is important to note a key methodological distinction be
tween Experiment 6 and the competitive displays used in Experiment 3 
and in Condition 3 of Experiment 5. In Experiment 6, the visual array 
simultaneously depicted the semantic competitor (Sem-T) and an item 
phonologically related to it (Phon-S), thereby placing two phonologi
cally related items on screen. By contrast, in Experiment 3 and Condition 
3 of Experiment 5 the expected target was not depicted alongside its 
phonological competitor (only the competitor was shown), so any 
cohort-based activation could not have been supported by the co- 
presence of two phonologically related pictures. This distinction raises 
the possibility that part of the phonological activation observed in 
Experiment 6 reflects facilitation due to visual co-presence rather than 
(or in addition to) top-down prediction, and it motivates Experiment 7, 
where we test whether phonological activation of the semantic com
petitor’s cohort persists when Sem-T is absent from the display.

8. Experiment 7

Experiment 7 aimed to evaluate whether prediction involves 
retrieving not only the phonological information of the expected target 
but also that of other semantically related competitors. To this end, we 
presented the Phon-S competitor without the Sem-T competitor. We 
hypothesized that if participants activated not only the expected target 
but also the Sem-T competitor, they would show anticipatory looks to
ward the Phon-S competitor. If not, they would treat this competitor as 
another unrelated picture, since it is not directly semantically or 
phonologically related to the expected target or the sentence context.

8.1. Participants

The final sample consisted of 36 undergraduate students (M = 20.40 
years, SD = 1.81; 12 male) from the Faculty of Psychology at Uni
versidad Nacional Autónoma de México. All participants were native 
Spanish speakers with normal or corrected-to-normal vision and hear
ing. Only those who identified as monolingual were included. One 
additional participant was removed due to insufficient data resulting 
from inattention.

8.2. Stimuli

The stimuli were identical to those used in Experiment 6, except that 
the Sem-T competitor was replaced by another distractor from Experi
ment 1 and 2 (Appendix 2).

8.3. Experimental design

The design was similar to Experiment 1 (Fig. 1), except that the 
Phon-S competitor was presented together with three unrelated pic
tures. The pictures were displayed in a pseudo-random order but 

following the same order as Experiment 6.

8.4. Procedure

The procedure followed was identical to that of Experiment 1. The 
visual world paradigm and the experimental setup remained the same, 
with the only difference being that the Phon-S competitor was presented 
without the Sem-T competitor.

8.5. Data processing and statistical analysis

Data processing was identical to that of Experiment 1. The CPA and 
DPA analyses used a threshold of t = 2.03, based on the degrees of 
freedom for the current sample. All other parameters remained the same 
as in Experiment 1.

8.6. Results

Out of the 576 experimental trials performed by the 36 participants, 
47 (8.15 %) were excluded due to participants not looking at the images 
for more than 50 % of the analysis window (− 1700 to 1000 ms relative 
to the expected word onset). Three additional participants were 
excluded as they were highly proficient bilinguals.

The CPA revealed (Fig. 12) a significant cluster in which participants 
looked at the Phon-S competitor from − 900 to 500 ms relative to the 
expected target presentation (tcluster = 25.59, tmax = 3.98, p < 0.001). 
According to the DPA, this effect began at approximately − 859.24 ms 
(CI95% = − 1050 to − 675 ms) relative to the expected target 
presentation.

8.7. Discussion

Experiment 7 elicited predictive fixations toward a competitor 
(Phon-S) that was neither directly semantically nor phonologically 
related to the expected word but was indirectly related through a se
mantic competitor. Crucially, this semantic competitor was not expected 
in the sentence context, as indicated by the cloze probability task. These 
results suggest that sentence context activates not only the expected 
target but also an unexpected yet semantically related competitor—at 
both the semantic and phonological levels.

Notably, the pattern in Experiment 7 converges with Experiment 1: 
in both cases, phonological cohorts attracted anticipatory looks without 
any visually co-present phonological pair on the screen. Whereas 
Experiment 1 showed pre-activation of the target’s cohort (Phon-T) 
under a highly constraining sentence, Experiment 7 extends this by 
demonstrating pre-activation of the semantic competitor’s cohort 
(Phon-S) even when the semantic competitor itself was absent from the 
display. This convergence indicates that cohort-level phonological 
activation can be driven by sentence-level constraints alone—i.e., it does 
not require visual co-presence—and is consistent with accounts in which 
semantic predictions propagate to phonological forms. The broader 
implications of these findings are further addressed in the General 
Discussion.

9. General discussion

The main objective of this research was to explore hierarchical 
processing in prediction during language comprehension. To achieve 
this, we used the prediction of semantic and phonological features as 
proxies for higher and lower hierarchies, respectively. Our working 
hypothesis was that if predictive processing is hierarchical, semantic 
prediction should precede and influence phonological prediction.

To test this hypothesis, we conducted seven experiments with 
Spanish speakers using the visual world paradigm. Experiments 1 and 2 
examined whether participants showed predictive looking toward 
phonological or semantic competitors, respectively. Experiment 3 
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investigated the competition between these predictions when both 
competitors were presented simultaneously, while Experiment 4 
assessed the effects of phonological and semantic competition during 
bottom-up integration in the absence of sentence context. Experiment 5 
was a conceptual replication of the four previous experiments, 
employing a within-subjects design. Experiment 6 tested whether par
ticipants predictively activated the phonology of the semantic compet
itor, while Experiment 7 investigated whether the phonology of the 
semantic competitor could be activated even in its absence.

The findings of Experiments 1 and 2 indicated that Spanish speakers 
demonstrated predictive looks toward both semantic and phonological 
competitors when these were presented in isolation. According to the 
DPA, although the semantic effect preceded the phonological effect, this 
difference was not significant—probably due to the high variability of 
the sample in Experiment 1 alongside the between-participants com
parison to Experiment 2, as the effect became significant with a larger 
sample and a within-subjects design in Experiment 5. In Experiments 3 
and 5 (Condition 3), when semantic and phonological competitors were 
presented concurrently, only the semantic effect emerged during the 
prediction period, while the phonological effect appeared only after the 
onset of the expected word, reflecting bottom-up processing. This 
phonological bottom-up effect occurred earlier in Experiment 3 and 
Condition 3 of Experiment 5 than in Experiment 4 and Condition 4 of 
Experiment 5, where no predictive context was available. These findings 
suggest that sentence context facilitated the bottom-up processing of the 
phonological competitor.

In contrast to Experiment 3, Experiment 6 revealed both semantic 
(Sem-T) and phonological (Phon-S) prediction effects. However, the 
phonological effect reflected activation of the semantic competitor’s 
phonology rather than that of the expected target. Finally, Experiment 7 
showed that the phonology of the semantic competitor was activated 
even when the semantic competitor was absent.

Our results support the initial hypotheses regarding hierarchical 
processing in two ways: (1) semantic and phonological information 
unfold at different times, and (2) semantic information influences the 
processing of phonological information. Nevertheless, despite the sup
port for our main hypothesis, aspects of the results were unexpected. We 

had anticipated Experiments 1, 2, and 3 would address our main ques
tion; however, the absence of phonological prediction in Experiment 3 
led us to expand this work to explore potential explanations for this 
pattern.

It is possible that the absence of phonological effects in Experiment 3 
reflects limitations in the sensitivity of the eye-tracker, which may not 
have been fine-grained enough to capture the temporal dynamics of both 
effects. Nevertheless, this explanation appears unlikely, as prior 
research using the visual world paradigm has demonstrated distinct 
activation effects within similar temporal windows, supporting the 
feasibility of detecting such differences (Allopenna et al., 1998; Huettig 
et al., 2011; Huettig & McQueen, 2007; Kukona et al., 2014, 2016). In 
addition, we were able to capture both semantic (Sem-T) and phono
logical (Phon-S) effects in Experiment 6 using the same sentences and 
temporal windows.

Given the results of Experiment 6, we hypothesize that sentence 
context, together with the presence of the semantic competitor in the 
visual array (Sem-T), led the system to treat the semantic competitor as a 
potential target. This has two mutually exclusive explanations: (1) 
participants did not predict the expected target, or (2) they predicted 
both the semantic competitor and the expected target, but the phono
logical effect driven by the expected target was masked by the semantic 
competitor.

We argue that the second explanation is more plausible, as the 
comparisons of phonological bottom-up effects (Phon-T) across Experi
ments 3 and 4, as well as Conditions 3 and 4 in Experiment 5, revealed 
clear facilitation of the phonological competitor. However, as discussed 
in Experiment 5, this facilitation could be explained either by integra
tion or by prediction, since the effect began just after 200 ms (217 ms in 
Experiment 3; 201 ms in Experiment 5).

Even with this caution in mind, we believe the effect is potentially 
predictive. In our planned analysis, we adopted a very conservative 
criterion for defining prediction (0 ms). From a less conservative 
perspective, however, predictive effects could be considered within the 
first 200 ms after target onset, which corresponds to the time required by 
the gaze system to initiate a fixation in response to a linguistic stimulus. 
As shown by the confidence intervals in Experiment 3 (150–350 ms) and 

Fig. 12. Experiment 7: Time course of Phon-S prediction. Note: Lines represent the mean proportion of fixations to the Phon-S competitor (purple) and the 
two unrelated pictures (black). Shaded regions represent the standard error. The vertical dashed line indicates the onset of the expected word. The 
horizontal bar in the upper part of the plot indicates the time cluster where participants tended to look at the Phon-S competitors. In the lower part of the 
plot, the distribution of effect onsets is presented, as well as the mean and confidence interval. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the web version of this article.)
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Experiment 5 (100–250 ms), fixations are not truly present beyond this 
less conservative threshold. This suggests that, in the worst-case sce
nario, only some participants predicted the phonological information of 
the expected target while the rest showed only an integration effect. In 
the best-case scenario, all participants predicted the target, with some 
doing so more slowly than others.

Furthermore, a second line of evidence supporting the presence of 
phonological prediction (Phon-T) in Experiment 3 comes from the reli
able predictive effect observed for the competitor phonologically related 
to the semantic competitor (Phon-S) in Experiment 7. This effect closely 
resembles the classic mediated priming effects described in spreading 
activation theories (Anderson, 1983; Dell, 1986). In those experiments, 
a prime word (e.g., lock) activates an unrelated word (e.g., dog) via a 
mediator (e.g., door) that is semantically related to the prime and 
phonologically related to the target (O’Seaghdha & Marin, 1997).

We did not expect to find an effect in Experiment 7, given that 
mediated priming was a subject of debate in the early 1990s (Dell & 
O’Seaghdha, 1991; Levelt, Schriefers, et al., 1991; Levelt, Vorberg, & 
Pechman, 1991) and has been observed only under restricted conditions 
(Chwilla et al., 2000; Jones, 2010). In addition, because activation of the 
target relies on prior activation of the mediator, the resulting effect is 
expected to be relatively small, which makes it inherently difficult to 
detect (Dell & O’Seaghdha, 1991).

Nevertheless, the results of Experiment 7 provide evidence that 
sentence context plays a pivotal role in this effect. Rather than reflecting 
activation from the target to the phonological competitor (Phon-S) via 
the semantic competitor, the findings suggest that sentence context 
directly activates the semantic competitor (Sem-T), which in turn acti
vates its phonological competitor (Phon-S). This process may also ac
count for the mechanism by which sentence context activates the 
expected target, subsequently triggering activation of its phonological 
competitor (Phon-T). Accordingly, the activation of a phonological 
competitor (Phon-T or Phon-S) can be understood as a form of mediated 
activation elicited by sentence context (Angulo-Chavira, Castellón- 
Flores, & Arias-Trejo, 2025). This interpretation further implies that 
participants activated not only the expected target but also alternative 
lexical candidates in parallel.

Based on this interpretation, our central hypothesis is that the target- 
absent design elicited an interaction between semantic and phonological 
information. Prior research has demonstrated that even when the strong 
predictive influence of the target is present, participants still direct 
anticipatory looks toward the image phonologically related to the target 
(Kukona, 2020). Thus, it is unlikely that the effect of the semantic 
competitor eliminates the phonological predictive effect of the target 
(Phon-T).

In Experiment 3, the presence of the semantic competitor triggered 
an interplay between the expected target and the Sem-T competitor, as 
the visual information did not correspond to the auditory information 
given our target absent design. Participants heard a sentence directed 
toward a specific target, but the visual information suggested that the 
upcoming word might be the semantic competitor, thereby producing an 
error signal. This error signal may explain why the semantic effect 
emerged later in Experiment 3 compared to Experiment 4 (M = 264.51 
ms CI95% = 100–400 ms, p < 0.001). This competitive environment 
arises only when a potential target is present; otherwise, parallel pre
dictions proceed without complication, with the expected target simply 
being confirmed or discarded, as reflected by the phonological effects 
observed in Experiments 1 and 7.

We emphasize that, within our hierarchical account, competition is 
resolved at the semantic/lexical level, not at the phonological level. 
Semantic competitors (e.g., the expected target and Sem-T) are lexical 
candidates given the sentence meaning and the visual scene, and they 
therefore compete for selection. In contrast, phonological forms are not 
candidates for the message-level slot; instead, they are downstream 
representations that inherit activation from whichever lexical candi
dates are currently plausible. This distinction explains Experiment 6: 

phonological “prediction” there reflects propagation from the plausible 
semantic competitor (Sem-T) to its cohort (Phon-S), rather than 
phonology competing with phonology. Consistently, Experiment 7 
shows that cohort-level activation linked to a plausible semantic 
candidate can arise without visual co-presence, indicating that sentence- 
level constraints are sufficient to drive candidate-specific phonological 
pre-activation even under competition.

This competitive process likely requires a mechanism that regulates 
activation using both visual and auditory information. One potential 
mechanism is lateral inhibition (Chen & Mirman, 2012), which enables 
the suppression of competing lexical candidates to facilitate a more 
accurate selection process. Consequently, the semantic competitor in
hibits the semantic target while the auditory signal continues to provide 
activation to the target. Once the target is heard, inhibition is lifted, and 
the target becomes fully activated. However, Dell and O’Seaghdha 
(1994) argued that inhibitory mechanisms, while plausible, are not 
necessary to explain lexical retrieval. Instead, purely competitive pro
cesses could account for these effects based solely on the feedback and 
feedforward connections across levels of processing.

From the predictive coding perspective, Brothers et al. (2023) pro
posed that belief updating can account for both facilitation and 
competition effects observed during prediction. In this framework, lis
teners generate multiple hypotheses at different representational lev
els—semantic, lexical, and phonological—based on the available input. 
These hypotheses are represented as a probability distribution that is 
continuously revised with each incoming piece of information. Beliefs 
are transmitted bidirectionally, both top-down and bottom-up, across 
the processing hierarchy until a sufficiently coherent interpretation of 
the current state is reached. In Experiment 3, although the auditory 
signal favored the expected target, the visual information shifted the 
belief distribution toward the semantic competitor. Once the expected 
target appeared in the auditory stream, another cycle of belief updating 
was initiated, this time favoring the target and producing facilitation for 
the phonological competitor (Phon-T).

It is important to note that our experimental findings only suggest 
the presence of both competitive and cooperative processes during 
prediction; however, they do not allow us to disentangle these two 
possible explanations. Future research should investigate whether 
lateral inhibition contributes to predictive processing or, alternatively, 
provide direct evidence supporting the role of belief updating.

Taking all of this into consideration, the prediction process can be 
described as follows. When listeners hear the sentence “At the airport, 
Susana boarded the airplane”, before the word “airplane” is actually 
presented, the sentence context activates several semantic features such 
as <engine-powered>, <boardable>, <capable-of-flight>, <made-of- 
steel>, <airport-dependent>, and < winged>. Many of these features 
are not unique to “airplane” but are also compatible with other lexical 
candidates, such as “rocket”. Consequently, both semantic representa
tions are activated, although “airplane” likely remains more strongly 
activated than “rocket”. This activation propagates downward in the 
processing hierarchy, engaging the corresponding lexical representa
tions (e.g., [airplane], [rocket]) as well as their phonological represen
tations (e.g., /εərpleɪn/, /rɒkɪt/). If relevant competitors (e.g., airplane 
or rocket) are predicted and a picture partially matches their phonology 
(e.g., apron or rock), the phonological overlap can generate predictive 
eye movements toward these phonological competitors. Crucially, when 
the semantically related but unexpected competitor (rocket) appears in 
the visual array, a prediction error occurs, requiring listeners to revise 
their expectations—either by inhibiting the prior prediction or updating 
their beliefs. At this stage, the semantic competitor (rocket) becomes the 
dominant prediction, which in turn facilitates predictive looks toward its 
phonological competitor (rock; Experiment 6), while simultaneously 
reducing predictive fixations toward the phonological competitor 
(apron; Experiment 3) of the now unexpected candidate (airplane). 
However, once the expected target (airplane) is heard, listeners must 
again update their prediction by strengthening the activation of the 
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target representation and its associated phonological competitors (e.g., 
apron; Experiment 3).

More broadly—and speculatively—we suggest that apparent in
consistencies in phonological processing across paradigms (e.g., VWP, 
ERP/MEG, masked or cross-modal priming, boundary-change preview 
in reading, articulography; Ito, 2024; Pickering & Gambi, 2018) may 
reflect where competition is computed and how activation spreads. On 
our view, competition is resolved at the semantic/lexical level, and 
phonology is downstream, inheriting activation from currently plausible 
lexical candidates via association-based propagation. This framing treats 
cross-study variability (constraint, display/text composition, cohort 
density, task demands, timing windows, and individual differences) as 
predictive reweighting factor rather than contradiction.

10. Considerations

One consideration in our study is that the interpretation of timing 
differences between Experiments 3 and 4 remains somewhat specula
tive. Our data suggest that the sentence context in Experiment 3 appears 
to facilitate the bottom-up processing of the phonological competitor, 
compared to Experiment 4, which lacked contextual support. However, 
it remains unclear whether this facilitation reflects a genuine modula
tion effect—where strong semantic predictions suppress early phono
logical activation—or if it simply represents a difference in processing 
dynamics due to the presence of sentence context. Further research with 
more controlled manipulations is needed to more precisely determine 
how context influences the temporal dynamics of phonological 
prediction.

Additionally, participants were native Spanish speakers who self- 
identified as monolingual, which presents a possible limitation, since 
research suggests bilinguals may access two phonological codes for the 
same meaning (Kroll et al., 2010). Although we did not objectively 
assess second language proficiency, our within-subject replication in
dicates that individual differences did not affect the predictive effects. 
Consequently, given the consistency of our results, we believe that any 
such influence is minimal in our sample.

Furthermore, although the VWP offers excellent experimental con
trol and ecological validity in settings where objects are co-present, its 
design forces a small set of objects to be visible well before the sentence 
is presented. Seeing the objects in advance allows for bottom-up 

activation of their semantics and names. Consequently, the predictive 
effects observed in our experiments may partly reflect these task-specific 
dynamics rather than purely generative predictive pre-activation as 
assumed by many theoretical models.

11. Conclusion

This study investigated the temporal dynamics of semantic and 
phonological pre-activation within the framework of hierarchical pro
cessing during prediction. Our findings provide evidence for a hierar
chical predictive system in which semantic predictions can shape and 
constrain phonological predictions. This hierarchical interaction ap
pears to depend strongly on the available information, enabling dynamic 
cooperative and competitive processes among different relevant lexical 
candidates.
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Appendix 1. Sentence used in predictive experiments

Spanish Translations

En el aeropuerto, Susana abordó el avión At the airport, Susana boarded the airplane
El vaquero disparó y enfundó su pistola The cowboy fired and holstered his gun
Por su aliento necesitaba masticar un chicle Due to his breath, he needed to chew some gum
Juan se preparó para montar a caballo Juan got ready to go horse riding
Ayer, compré harina para hornear un pastel Yesterday, I bought flour to bake a cake
Durante la luna llena, aulló el lobo During the full moon, the wolf howled
Después de comer, se cepilló los dientes After eating, he brushed his teeth
Está oscuro porque se fundió el foco It is dark because the light bulb burned out
Estaba triste porque le lloraban los ojos As she was sad, her eyes were watering
El sartén se calentó en la estufa The pan was heated on the stove
Para hacer jugo, Ana exprimió una naranja To make juice, Ana squeezed an orange
Con delicadeza, el carpintero lija la madera Delicately, the carpenter sands the wood
En la regadera, me lavé con jabón In the shower, I scrubbed myself with soap
Al comer, Mario se mordió la lengua While he was eating, Mario bit his tongue
Óscar se despertó y tendió su cama Oscar woke up and made his bed
Al comer debo mantener cerrada la boca When eating, I need to keep my mouth closed
Al carro se le ponchó la llanta The car has a flat tire
En la cena brindé con una copa At dinner, I toasted with a glass
El pasto se regó con una manguera The grass was watered with a hose
El capitán se hundió con su barco The captain went down with his ship
Antonio nunca olvidó cómo andar en bicicleta Antonio never forgot how to ride a bike
Para cubrirme del frío, tejí un suéter To protect me from the cold, I knitted a sweater
En la biblioteca, Lupita lee un libro In the library, Lupita reads a book

(continued on next page)
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(continued )

Spanish Translations

Corrió rápido para hacer volar su papalote He ran fast to make his kite fly
Ayer, Luis se afeitó con un rastrillo Yesterday, Luis shaved with a razor
Con fuerza, mi papá martilló un clavo With powerful strokes, my dad hammered a nail
La blusa se quemó con la plancha The shirt was scorched by the iron
El carnicero del mercado afiló un cuchillo The butcher from the market sharpened a knife
En el patio, Miguel fuma un cigarro On the patio, Miguel smokes a cigarette
Antes de salir, Ignacio boleó sus zapatos Before going out, Ignacio polished his shoes
Sin miedo, el soldado disparó una bala Fearlessly, the soldier fired a bullet
El tocino se frió en el sartén The bacon was fried in the pan

Note. Bold indicates expected target words, and italics indicate filler trials.

Appendix 2. Target and competitors

Target Phonological Semantic sPhonological Unrelated Unrelated Unrelated

avión [airplane] abrigo [coat] cohete [rocket] coco [coconut] rata [rat] sierra [saw] enchufe [plug]
pistola [gun] pizza [pizza] arco [bow] armadillo [armadillo] cucharón [ladle] gorro [hat] recogedor [dustpan]
chicle [gum] chimenea [chimney] dulce [candy] duende [elf] raqueta [racket] espejo [mirror] gato [cat]
caballo [horse] candado [lock] rinoceronte [rhino] riñón [kidney] toalla [towel] flauta [flute] tren [train]
pastel [cake] pantera [panther] gelatina [jelly] gema [gem] regla [ruler] falda [skirt] cuerda [rope]
lobo [wolf] lodo [mud] tigre [tiger] tijeras [scissors] taza [cup] radio [radio] arete [earring]
dientes [teeth] diamante [diamond] nariz [nose] nave [spaceship] rifle [rifle] patineta [skateboard] faro [lighthouse]
foco [light bulb] foca [seal] vela [candle] ventilador [fan] guante [glove] brújula [compass] pan [bread]
ojos [eyes] oso [bear] dedo [finger] desodorante [deodorant] escoba [broom] taladro [drill] camisa [shirt]
estufa [stove] estrella [star] refri [frige] resorte [spring] árbol [tree] periódico [newspaper] violín [violin]
naranja [orange] navaja [razor] melón [melon] medalla [medal] burro [donkey] helicóptero [helicopter] peine [comb]
madera [wood] maleta [suitcase] paja [straw] panda [panda] reloj [watch] botón [button] zanahoria [carrot]
jabón [soap] jaula [cage] pasta [toohpaste] papa [potato] ancla [anchor] pera [pear] guitarra [guitar]
lengua [tongue] lentes [glasses] mano [hand] mariposa [butterfly] collar [necklace] nave [ship] balcón [balcony]
cama [bed] camarón [shrimp] sillón [armchair] silbato [whistle] globo [balloon] fuente [fountain] buitre [vulture]
boca [mouth] bolsa [bag] pie [foot] pincel [paintbrush] dados [dice] pingüino [penguin] televisión [television]
llanta [tire] – – cordero [lamb] muñeca [doll] brócoli [broccoli]
copa [glass] – – antorcha [torch] tiburón [shark] flor [flower]
manguera [hose] – – autobús [bus] durazno [peach] frasco [jar]
barco [boat] – – aguacate [avocado] flecha [arrow] cebra [zebra]
bicicleta [bike] – – zapatillas [slippers] rábano [radish] calendario [calendar]
suéter [sweater] – – barril [barrel] submarino [submarine] ballena [whale]
libro [book] – – cerillo [match] delfín [dolphin] buzón [mailbox]
papalote [kite] – – almohada [pillow] hormiga [ant] rosquilla [donut]
rastrillo [rake] – – pluma [feather] cartera [wallet] elefante [elephant]
clavo [nail] – – nutria [otter] popote [straw] mochila [backpack]
plancha [iron] – – tenis [tennis] caja [box] acordeón [accordion]
cuchillo [knife] – – trompeta [trumpet] paloma [dove] lavadora [washer]
cigarro [cigar] – – tortuga [turtle] maíz [corn] casco [helmet]
zapatos [shoes] – – leche [milk] edificio [building] botella [bottle]
bala [bullet] – – cisne [swan] bufanda [scarf] arpa [harp]
sartén [pan] – – puma [puma] regalo [gift] bocina [speaker]

Note. Words were presented in Spanish. Thus, the phonological similarity was computed using Spanish phonemic transcriptions.

Appendix 3
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Fig. A1. Pilot study: Time course of the target prediction. 
Note: Lines represent the mean proportion of fixations to the target picture (purple) and the three unrelated pictures (black). Shaded regions represent the standard 
error. The vertical dashed line indicates the onset of the expected word. The horizontal bar in the upper part of the plot indicates the time cluster where participants 
tended to look at the target picture. In the lower part of the plot, the distribution of effect onsets is presented, as well as the mean and confidence interval.

Data availability

The datasets and the analysis code used in this research are available 
in the Open Science Framework repository: https://osf.io/v8bzh/? 
view_only=3a81763bea934becbc65a3f6198bfacd
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