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Abstract

During speech comprehension, the ongoing context of a sentence is used to predict sentence
outcome by limiting subsequent word likelihood. Neurophysiologically, violations of context-
dependent predictions result in amplitude modulations of the N400 event-related potential (ERP)
component. While N400 is widely used to measure semantic processing and integration, no
publicly-available auditory stimulus set is available to standardize approaches across the field.
Here, we developed an auditory stimulus set of 442 sentences that utilized the semantic anomaly
paradigm, provided cloze probability for all stimuli, and was developed for both children and
adults. With 20 neurotypical adults, we validated that this set elicits robust N400’s, as well as
two additional semantically-related ERP components: the recognition potential (~250 ms) and the
late positivity component (~600 ms). This stimulus set (https://doi.org/10.5061/dryad.9ghx3ffkg)
and the 20 high-density (128-channel) electrophysiological datasets (https://doi.org/10.5061/
dryad.6wwpzgmx4) are made publicly available to promote data sharing and reuse. Future studies
that use this stimulus set to investigate sentential semantic comprehension in both control and
clinical populations may benefit from the increased comparability and reproducibility within this
field of research.
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INTRODUCTION

The ability to use prior context to predict a particular sentence ending is thought to
facilitate language acquisition and fluid language comprehension (Harris, 1975; Pickering
and Garrod, 2004; Leech et al., 2007), although the precise role that prediction plays in
language comprehension and its degree of influence continues to be a matter of vigorous
debate (Hickok, 2013; Huettig, 2015; Huettig and Mani, 2016; Kuperberg and Jaeger, 2016).
In essence, sentence outcome can be predicted because the words already heard limit the
words that can sensibly terminate the sentence. The relationship between prior context and
the target word is quantified by ‘cloze probability’ (CP) (Kutas and Hillyard, 1984, 1980),
which is a measure of how well a predicted word matches the context. For example, in the
sentence ‘Finally, the climbers reached the top of the—" (Pijnacker et al., 2010), one might
reasonably predict that the final word is ‘ mountair’ or *hilf . In this example, mountain

has a high association with and is semantically congruent with the prior sentence context
and would have a high CP. “Hill’ is also a reasonable ending to the sentence, but perhaps

a little less likely, and as such would have a lower CP. Conversely, the word “tulip’ would
be a very unexpected ending to this sentence, is semantically incongruent and would be
associated with an extremely low CP. Prior analysis of electroencephalography (EEG) has
identified a broad negative event related potential (ERP) that peaks around 400 ms after the
presentation of semantically related or unrelated stimuli (Kutas and Hillyard, 1984, 1980;
Osterhout and Holcomb, 1992; Luck, 2005; Lau et al., 2008). This N400 ERP component
is evoked by both congruent and incongruent endings, but when incongruent stimuli are
presented, the amplitude of the N400 component is substantially increased (Kutas and
Hillyard, 1984, 1980; Osterhout and Holcomb, 1992; Luck, 2005; Lau et al., 2008; Block
and Baldwin, 2010). A variety of methodological approaches using single words/pictures,
sounds, or sentences, have successfully evoked an N400, resulting in many theories of what
this component reflects, such as semantic processing or memory retrieval (Kaan, 2007;

Lau et al., 2008). Nonetheless, the N400 ERP component is considered an established
index of semantic integration (Kutas and Hillyard, 1980; Osterhout and Holcomb, 1992;
Brown and Hagoort, 1993; Connolly and Phillips, 1994; Kaan, 2007; Hagoort, 2008; Lau
et al., 2008; Brouwer et al., 2017). The processing of congruent stimuli is postulated to be
easier to integrate with prior context because they follow ones narrowing of expectations,
whereas incongruent stimuli result in larger N400 amplitudes due to the increased difficulty
of integrating unexpected words (Kutas and Hillyard, 1984; Connolly and Phillips, 1994;
St. George et al., 1994; Federmeier and Kutas, 1999; Van Berkum et al., 1999; Kutas and
Federmeier, 2000; Federmeier, 2007; Kaan, 2007; Lau et al., 2008; Fitz and Chang, 2019).
As such, the N400 component has proven to be a very valuable tool for language research.

Two other ERP components reported to be sensitive to semantic congruence are the
recognition potential (RP) and the late positivity component (LPC). The RP is an N2-like
component (Dien et al., 2003; Proverbio and Riva, 2009; Fernandez and Smith Cairns, 2011)
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that occurs over parietal-occipital scalp regions (Proverbio and Riva, 2009; Martin-Loeches
et al., 2004) and is thought to be generated in the left fusiform gyrus or visual word form
area (VWFA) (Dien et al., 2003; Martin-Loeches, 2007). The RP shows larger amplitudes

in response to congruent stimuli (Martin-Loeches et al., 2004; Proverbio and Riva, 2009)
and as such, has been generally related to expectancy (Dien et al., 2003) and contextual
semantic processing (Martin-Loeches, 2007). More specifically, the RP has been suggested
to represent the point at which an individual recognizes the target word following congruent
context (Fernandez and Smith Cairns, 2011). The terms LPC and P600 have tended to be
used interchangeably in the literature, with LPC being used most often when the work is
specifically addressing responses to semantic contexts (Kaan et al., 2000; Hoeks et al., 2004;
Kim and Osterhout, 2005; Luck, 2005; Van Herten et al., 2005; Wang et al., 2009; Gouvea et
al., 2010; Friederici, 2011, 2002; Brouwer et al., 2017; Leckey and Federmeier, 2020). The
LPC has a more positive amplitude in response to incongruent stimuli (Wang et al., 2009)
and has been related to semantic difficulty or modulations (Kaan et al., 2000; Van Herten et
al., 2005; Wang et al., 2009; Gouvea et al., 2010; Brouwer et al., 2017). The LPC is thought
to reflect the reanalysis of semantic information because it occurs after the N400 (Osterhout
and Holcomb, 1992; Kim and Osterhout, 2005; Braeutigam et al., 2008; Friederici, 2011).
Studies that have used the P600 nomenclature have shown that it is also sensitive to syntactic
context (Osterhout and Holcomb, 1992; Kaan et al., 2000; Frisch et al., 2002; Hahne et al.,
2004; Kim and Osterhout, 2005; Gouvea et al., 2010; Schacht et al., 2014; Brouwer et al.,
2017), whereas it has been argued that the amplitude of the LPC is related to the integration
of both semantic and syntactic information (Ainsworth-Darnell et al., 1998; Friederici, 2002;
Van Herten et al., 2005; Wang et al., 2009; Gouvea et al., 2010; Brouwer and Hoeks, 2013;
Schacht et al., 2014; Brouwer et al., 2017; Fitz and Chang, 2019). There is no consensus

on the interpretation of the P600 ERP as a whole, nor a consensus on its topographic
distribution (Kaan et al., 2000; Frisch et al., 2002; Van Herten et al., 2005; Kuperberg, 2007;
Friederici, 2011; Brouwer et al., 2017; Leckey and Federmeier, 2020). To summarize, in
response to semantically incongruent/unexpected words, a recognition potential (RP ~ 250
ms) is not expected be present, and both the N400 (~400 ms) and late positivity component
(LPC ~ 600 ms) should be larger relative to semantically congruent/expected words.

Semantic studies have used various task designs to understand the nuanced linguistic
sensitivities of the N400 and LPC. This has resulted in task dependent topographic
differences and various interpretations of the relationship that these components have with
prediction, semantic processing, and language comprehension (Kotz and Friederici, 2003;
Kim and Osterhout, 2005; Van Herten et al., 2005; Kutas and Van Petten, 2006; Van

Petten and Luka, 2006; Kuperberg, 2007; Hagoort, 2008; Lau et al., 2008; Friederici, 2011,
2002; Brouwer et al., 2017; Leckey and Federmeier, 2020). It goes without saying that it

is important to use diverse methodologies to understand the linguistic sensitivity of these
components. However, the lack of a standardized task design can result in conflicting
conclusions about the extent of one’s semantic ability, especially when investigating atypical
populations such as Autism Spectrum Disorder (ASD) (Osterhout and Holcomb, 1992; Kaan
et al., 2000; Kamio and Toichi, 2000; Braeutigam et al., 2008; Wang et al., 2009; Gouvea

et al., 2010; McCleery et al., 2010; Pijnacker et al., 2010; Friederici, 2011; Ribeiro et al.,
2013; Harper-Hill et al., 2014; Fernandes et al., 2016; Brouwer et al., 2017; Coderre et
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al., 2017; DiStefano et al., 2019). Although a CP validated, written N400 stimulus set for
adults is publicly available (Block and Baldwin, 2010), to our knowledge, a CP validated,
auditory and written N400 stimulus set meant for children and adults does not exist. The
purpose of this study was to create a stimulus set that targeted auditory, sentential semantic
comprehension using a semantic anomaly N400 task design. This stimulus set measured the
predictability of each sentence via a CP survey and could be used for children as well as
adults because sentences were created for individuals of at least 5 years old. Considering
that we provided both the written words and non-prosodic audio files for our sentences, this
stimulus set could be used to investigate both reading and auditory semantic processing of
neurotypical (NT) populations and populations known for disorders that impact language
and communication skills, such as ASD. Furthermore, the auditory stimulus set specifically
may be useful for researchers wishing to study semantic processing in those with intellectual
and developmental disabilities, where reading skills are often poor or absent entirely (e.g.
dyslexia, lower functioning ASD) or in a number of rare neurodevelopmental diseases (e.g.
Batten disease or Rett syndrome) where the children have severe progressive vision loss

or simply cannot fixate on the screen. This stimulus set and the current dataset are made
publicly available. Future semantic studies that use this stimulus set may benefit from the
increased comparability and reproducibility within this field of research.

EXPERIMENTAL PROCEDURES

Participants

Twenty-four neurotypical adults were recruited and provided written informed consent to
participate in this study. Four subjects were excluded from data analysis due to failure to
remain alert or to sit still during data collection (n = 2), or due to noisy EEG data (n =

2) (Fig. S1). The remaining participants make up the fully-analyzed dataset. These twenty
subjects ranged in age from 18 to 35 (mean age = 25.5 + 4.36), nine were female, and

three were left-handed. Every participant spoke English as their first language, and twelve
participants were mono-lingual while eight participants reported being bi- or multi-lingual.
Demographic information for all participants, including those removed from further analysis
are reported in Table 1.

Stimuli

The semantic anomaly paradigm consisted of 221 sentence pairs with incongruent and
congruent endings, for a total of 442 stimuli in this stimulus set. However, twenty sentence
pairs were eliminated before analysis because their endings did not match in syllable
number, contained hyphenated phrases, cultural references, or upon closer examination,
the supposed incongruent endings were in fact congruent. The remaining 402 stimuli (201
congruent and 201 incongruent sentence pairs) ranged from four to eight words in length.
Sentences were created using simple words, derived from a set of age-appropriate words
contained in the Medical Research Council Psycholinguistic (MRCP) database (https://
websites.psychology.uwa.edu.au/school/mrcdatabase/uwa_mrc.htm). For example, from the
word “cake”, the congruent sentence “He baked a birthday cake” was created. The words
selected from the MRCP database took into consideration the age of acquisition (from a
database provided by (Gilhooly and Logie, 1980)) and/or written word frequency (from a
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normed written word frequency set (Francis and Kucera, 1967)). This was to ensure that
each sentence could be readily comprehended by NT individuals aged 5 years or older.
The majority of these age-appropriate words were monosyllabic, but a few basic words
with 2-syllables (e.g. present) and 3-syllables (e.g. animal) were included, due to their
high-written-word frequency or early age of acquisition. Similar to previous studies using
the MRCP database (Ross et al., 2007; 2011), we were sensitive to the fact that everyday
language use has changed since the creation of these sets, so we carefully selected words
that are still in common use.

This stimulus set included sentence pairs where the incongruent endings were just semantic
errors. After elimination, this amounts to 132 / 201 stimulus pairs including example stimuli.
These incongruent endings were matched to their congruent pair in word type (e.g. noun or
verb) and number (e.g. plural or singular). There were also sentence pairs where incongruent
endings contained both semantic and syntactic errors. After elimination, this amounts to

69 / 201 stimulus pairs. Semantically incongruent endings were also classified as syntactic
errors if the ending deviated from the syntax provided by the sentential context. The type of
syntactic errors included: 1. Endings where a plural noun expectation was deviated with a
singular noun or vice versa (27 stimulus pairs); 2. Endings where an adjective expectation
was deviated with a noun or vice versa (20 stimulus pairs); and 3. Endings where a verb
expectation was deviated with a noun or vice versa (22 stimulus pairs). During final analysis,
these 3 types of syntactic errors were combined into a single linguistic division (LD) in
order to compare the overall response to sentences with both semantic and syntactic errors,
and the response to sentences with only semantic errors.

Language comprehension in NT individuals is highly influenced by communicative cues
such as prosody, especially when sentence meaning relies on syntactic prosodic cues (Cutler
et al., 1997; Frazier et al., 2006; Dahan, 2015; Thorson 2018). The intention of this
manuscript was to create a stimulus set that could be used for all populations equally.
Therefore, this stimulus set was constructed without prosody to ensure that NT individuals
would not have an advantage in language comprehension over other populations known to
have difficulty with communication or prosody, such as those with ASD (McCann et al.,
2007; DePape et al., 2012; Eigsti et al., 2012; O’Connor, 2012; Wang and Tsao, 2015;
Martzoukou et al., 2017) or schizophrenia (Leitman et al., 2005, 2007). To do so, individual
words from the word list were recorded from a female speaker, instructed to voice the
words with minimal inflection, stress, and intonation (i.e. in a monotonous non-prosodic
manner). Words were then compiled into complete sentences using the Audacity Software
(\Version 3.0.0. Audacity® software is copyright © 1999-2021 Audacity Team. https://
audacityteam.org/). These artificially-compiled sentences were manually adjusted to have
similar pitch-frequency between each word within a sentence and between all sentences.
Concurrently, time gaps of 10 ms were added between words so that all sentences would
have similar pacing and that researchers would be able to trigger discretely on each word in
future work. Both artificial timing and frequency add to the robotic nature of the stimuli. A
future initiative will add the prosodic versions of these sentences to this public stimulus set
so that researchers can explore more communicative aspects of language.
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Participants were fit with a 128-electrode cap (Bio Semi B. V. Amsterdam, the Netherlands)
and seated in a sound attenuating, electrically shielded booth (Industrial Acoustics
Company, The Bronx, NY) with a computer monitor (Acer Predator Z35 Curved HD, Acer
Inc.) and a standard keyboard (Dell Inc.). The task was created with Presentation® Software
(\ersion 18.0, Neurobehavioral Systems, Inc. Berkeley, CA). The task was first explained to
the participant during the consent process and then again before the experimental session.
Individuals were asked to refrain from excessive movement and to focus on a fixation cross
throughout the task in order to reduce movement artifacts. The experimental session began
by explaining the task for a third time. All instructions were presented both visually on

the screen and auditorily through the headphones (Sennheiser electronic GmbH & Co. KG,
USA). Instructions were followed by two practice trials which were the same for every
participant. Feedback was given about a participant’s response only during practice trials
and not during experimental trials. Trials were presented as follows: 1. A fixation cross

was on the screen while an auditory sentence stimulus was presented through headphones;
2. A two second pause; and 3. A question (presented both visually and auditorily) asked

the participant if the sentence ended as expected, where subjects responded with a right or
left arrow key when sentences ended as expected (congruent) or unexpected (incongruent)
respectively, to end the trial. A two-second delay was inserted between a subject’s response
and the start of the next sentence. A total of 442 stimuli were presented to participants in
the same order. This was done to ensure that every participant had the same experience
throughout the task for every sentence. Two of these stimuli (one congruent and one
incongruent) were used for example trials. The remaining 440 were used for the experiment.
Stimuli were separated into 11 blocks with optional breaks between each block. Participants
could continue onto the next block by pressing the spacebar. After elimination, the responses
to 400 out of the 440 stimuli contributed to the analysis of this experiment.

Data preprocessing

Data were digitized online at a rate of 512 Hz, DC to 150 Hz pass-band, and referenced to
the common mode sense (CMS) active electrode. EEG data were preprocessed and analyzed
offline using in-house scripts leveraging EEGLAB functions (Delorme and Makeig, 2004).
Data were filtered using a Chebyshev 11 spectral filter with a band pass of 0.1-45 Hz.
Channels were rejected automatically if recorded data at that site exceeded more than 3
standard deviations from the mean variance and amplitude from all neighboring electrodes.
These channels were interpolated using EEGLAB spherical interpolation. Data were then
re-referenced to the common average. Prior to analysis, the time from the beginning of a
sentence to the onset of the last word was measured for each sentence using Praat software
(PRAAT v. 6.1, University of Amsterdam, the Netherlands). These measures were used

to adjust the time stamp of each stimulus, so that the data could be precisely aligned to

the onset of the last word (i.e. 0 ms), rather than the beginning of the sentence. For all
participants, epochs from —200 to 1000 ms were created using a baseline of the 200 ms
interval before the onset of the last word. Trials were rejected automatically based on

an artifact rejection threshold of 250 pV and if a trial contained amplitudes greater than
two standard deviations from the mean amplitude across all channels. Grand average ERP
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waveforms were generated by first averaging the trials per condition per electrode, and then
averaging across participants.

Statistical analysis

JASP (Jeffrey’s Amazing Statistic Program Team [2020], Version 0.12.2) was used for
statistical analyses. The primary aim of this study was to establish a paradigm that would
evoke a robust N400 ERP component. Traditionally, the N400 has been measured over
midline central and parietal scalp sites. Here, we performed a simple, two-sided student
t-test at scalp site Cz, comparing semantic congruence versus semantic incongruence, in a
10 ms time-window (395-405 ms) to establish whether a significant N40O response was
present.

As described in the introduction and per the previous literature, we also expected to see
evidence for two additional ERP components (i.e. the RP and LPC (P600)) which have

been consistently observed in similar N400 designs. In the case of these latter components,
while the general latencies are well-characterized, the literature is not as clear about their
precise topographies, so determining a-priori which sites to test for their presence was not
as clear as in the case of the N400. Here, we adopted the following strategy, employing
simple student t-tests to test for conditional effects (congruent endings versus incongruent
endings) averaged over pre-determined 10 ms time-windows (RP = 245-255 ms; LPC
(P600) = 595-605 ms) across three midline scalp sites (Fz, Cz, and Pz) based on the prior
literature (Osterhout and Holcomb, 1992; Luck, 2005; Lau et al., 2008). Given the use of
three independent t-tests for each of these components, Bonferroni correction was applied to
the resulting p-values to control for potential Type | errors. Other scalp sites (F7, T7, and P7)
were investigated post-foc with uncorrected, two-sided student t-tests.

Additional rmANOVA’s were conducted at 250 ms, 400 ms, and 600 ms to assess for a
main effect of CP (i.e. cloze probability), order (i.e. whether the congruent stimulus was
heard prior to the incongruent stimulus and vice versa), linguistic division (i.e. semantic

Vs syntactic errors), and quartile of the experiment (i.e. time on task) on each ERP
component. These rmANOVA were conducted separately for each electrode and each of

the 3 time points. Amplitude values were acquired for each condition of each effect (ex.

LD has 2 conditions, semantic ending error only and syntactic ending error) per condition
(incongruent and congruent) in the same manner as described above. These values were then
applied to either a 2 x 4 rmANOVA (i.e. condition x the number of CP or quartile divisions)
or 2 x 2 rmANOVA (i.e. condition x the number of order and linguistic divisions). F-scores
and p-values for midline electrodes are shown in Tables 2, and 3 for electrodes F7, T7, and
P7. Significant values are bolded.

Topography plot statistics were generated using the FieldTrip toolbox (Oostenveld et al.,
2011) for MATLAB and displayed using the EEGLAB toolbox. A group level cluster-
based permutation test was conducted using two-tailed, independent sample t-statistics
with a critical alpha-level of 0.05. This test applied the Monte-Carlo method to estimate
significance probability, the triangulation method of the neighbours function for spatial
clustering, and a multiple-comparison correction. Single sample clusters were combined
using “maxsum” and a 5 % two-sided cutoff criterion was applied to both positive and
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negative clusters. Topography statistics are presented as the average significance over a 10
ms time window centered at the time point of interest (Fig. S2).

Cloze probability

To further characterize the stimulus set, a RedCap survey was employed to test the CP of
all sentence endings. Each sentence in the set was presented with the final word missing
(blank) and participants were required to fill in this blank with the first singular word that
came to mind. If participants could not think of an answer, they were encouraged to guess
rather than leave a blank. Non-answers were not counted towards CP scores; participants
were removed from the survey data if they answered fewer than 10 questions out of the 221;
and participants were removed if their percent correct was three standard deviations from
the mean. After elimination, the survey used the responses from 134 individuals to assess
the CP of each sentence. The majority of these stimuli had greater than 80 % CP. The CP
distribution of sentences were shown in Fig. S3.

Data availability

This stimulus set (https://doi.org/10.5061/dryad.9ghx3ffkg) and the supporting datasets
(https://doi.org/10.5061/dryad.6wwpzgmx4) are available through Dryad for the scientific
community to use freely in their experiments. The stimulus set provides the auditory files
for all 442 stimuli and a stimulus parameter file that includes stimulus information such as
duration, target word onset, derivative divisions (i.e. CP, order, linguistic error, and quarter),
and most importantly, the written form of each stimulus so that semantic comprehension via
reading can be investigated. Cloze probability survey answer and result files are also within
the stimulus set download.

The dataset download provides the 24 datasets in BIDS format via guidelines provided by
(Pernet et al., 2019) and all the aforementioned stimulus set files. Participant information

is also detailed in the dataset (.tsv and.json). The full dataset includes unfiltered EEG

data (.bdf), corresponding event files, and channel rejection files for each participant (.tsv),
as well as recording information, electrode positioning, and event file information (.tsv
and/or.json). We additionally provide preprocessed ERP derivatives for this study (.mat),
the corresponding trial rejection information per derivative for each participant (.tsv), and
filtering parameters (.json). Refer to the README.txt files in both the dataset and stimulus
set in order to use them appropriately. Use of this dataset, stimulus set, or presenting
examples from this stimulus set should include a citation to this paper.

Code availability

The code generated for the analysis of these datasets as well as the Presentation® code
is available through Zenodo via Dryad (https://doi.org/10.5061/dryad.6wwpzgmx4). The
provided code was utilized to create the preprocessed ERP derivatives as well as figure
components.
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RESULTS
Accuracy and midline N400 ERP

All participants were able to correctly identify congruent and incongruent endings with at
least 97 % accuracy. All responses were included in final analyses. Previous studies of the
N400 response focused on midline electrode locations. (Kutas and Hillyard, 1984; Osterhout
and Holcomb, 1992; Brown and Hagoort, 1993) To illustrate the N400 along the midline
evoked by the current stimulus set, the grand mean ERPs (£ SEM) for 20 participants, from
electrode locations (Pz, Cz, and Fz), were characterized during sentences with congruent
(blue) and incongruent (red) endings (Fig. 1). Data were aligned to the onset of the last word
in each sentence (t = 0) and baselined during the 200 ms preceding this last word. As shown
in Fig. 1, during congruent sentence endings, there was a positive-going potential recorded
at Pz (Fig. 1(A)) that increased near the onset of the final word. A similar, increasing,
positive potential was also seen at the central electrode site Cz (Fig. 1(B)). In contrast,
during sentences that had incongruent endings, there was a marked negative potential that
persisted for ~ 400 ms. At frontal electrode site (Fz), the negative deflection of the ERP after
incongruent sentence endings began later than at the more posterior sites (Fig. 1(C)). Here
the ERPs in response to congruent and incongruent sentences diverged at approximately 550
ms after final word presentation. This later negativity during incongruent endings persisted
for ~ 250 ms. Individual response variation is illustrated to the right of each ERP panel,
where individual mean responses over 395-405 ms after final word onset (gray band in

each panel) are shown for congruent (Con) and incongruent (Incon) sentences. For both
parietal and central electrodes, the majority of participants clearly had more negative N400
responses during incongruent sentences, but there was individual variation. Four of the 20
subjects had little or no increase in the N40O response. Individual responses were even

more variable across subjects at the frontal electrode location (Fig. 1(C)). As expected, a
significant difference between conditions was present at 400 ms at electrode site Cz (t =
4.432 p=7.687e-5). A trio of t-tests was conducted at both 250 ms and 600 ms over

three midline electrodes (Fz, Cz, Pz) to test for significance of the RP and LPC (P600)
components, respectively. Given that multiple t-tests were conducted at three electrodes for
both of these components, Bonferroni corrections were applied and the following p-values
reflect these corrections. Conditional effects were found at 250 ms for electrode site Pz
(t(1,19) = 4.857 p=1.627e-4), but not at Fz (t(1,19) = 0.611 p=1.000) or Cz (t(1,19) =
2.757 p=0.119). Conditional effects were also found at 600 ms for electrode site Cz (t(1,19)
=3.585 p=0.011), but not at Fz (t(1,19) = 2.225 p=0.451) or Pz (t(1,19) = 1.850 p =
1.000).

Topography and Spatial-temporal clustering

In order to identify other regions of interest, the grand mean topography for the 20 included
participants was measured over a series of five, 10 ms time windows, aligned to the onset

of the last word in each sentence (Fig. 2). The scalp potentials in response to congruent
sentence endings are shown in the top row (red = positive; blue = negative). There was clear
frontal negativity and central-parietal positivity visible in the 400 ms time window. At later
intervals (700 ms and 800 ms), this frontal activity reversed polarity, and the central parietal
positivity was more centralized (row ‘a’, columns four and five). Activity across the scalp in
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response to incongruent sentence endings is shown in row ‘b’. There was a frontal negativity
visible in the 400 ms time window that was sustained until 800 ms, where the activity was
more positive. The 400 ms time window also displayed bilateral temporal positivities (row
‘b’ of column 2). At later time intervals (600-700 ms), strong positive foci were located

over left temporo-parietal and parietal-occipital regions (row ‘b’ of columns three and four).
The difference between congruent and incongruent responses is illustrated in row ‘c’. The
400 ms time window of row ‘d’ illustrates a negative, central-parietal difference between
conditions (row ‘d’ of column 2). Here, there was also positivity in fronto-temporal regions
of the scalp. Subsequently, positivity was distributed more temporo-parietally and occipitally
at later time intervals (600-700 ms) (row ‘d’ of columns three and four).

A spatial-temporal clustering t-test analysis was conducted on the data in order to assess for
significance and identify other significant regions and timeframes of interest. Presented in
Fig. 3 are the positive (red) and negative (blue) t-values from 0 to 1000 ms respectively.
Between 250 and 600 ms, there were several negative clusters denoting significant
differences between conditions (incongruent vs congruent) at central-parietal electrodes.
More rightward central scalp regions sustained this significant negative difference through
800 ms. There were also significant positive clusters at left frontal, temporal, and temporo-
parietal electrodes between 250 and 600 ms. Additionally, left frontal electrodes showed

a significant positive difference between conditions in earlier time periods, between 150
and 300 ms, while more temporo-parietal and parietal-occipital regions showed a significant
positive difference at later time periods, 600-850 ms. Derived from this spatial temporal
cluster analysis was a visual guide used for selection of significant regions of interest, Fig.
S2. Depicted in Fig. S2 is the topographic distribution of p-values averaged over five 10 ms
time windows from this spatial-temporal cluster analysis.

Semantic sensitivity over left temporal, parietal, and fronto-temporal electrodes

The grand average ERPs for the left temporal, parietal, and fronto-temporal regions of
interest (identified for post hoc analysis via grand mean topography and cluster analysis
(Figs. 2, 3, and S2)), are characterized in Figs. 3—-6 respectively. Like midline electrodes
(Cz) and (Pz) (Fig. 1(A, B)), the conditional response at left temporal (T7) and temporo-
parietal (TP7) electrodes peaked 400 ms after final word onset, although with reversed
polarity (Figs. 4(C) and 5(A)). In response to congruent endings, these electrodes had a
small early negative deflection beginning around 200 ms which persisted for ~ 200 ms. At
the end of this early deflection, ~400 ms after final word onset, there was a substantial
negative potential that spanned the remainder of the epoch. This negative potential was
mimicked in the incongruent condition following a positive-going potential that began
around 150 ms and peaked at approximately at 400 ms (Figs. 4 (C) and 5(A)). Conditional
responses in left parietal (P7) and parietal-occipital (PO7) electrodes were similar to those
from temporo-parietal electrodes (Fig. 5 (B, C)). However, the onset of divergence between
conditional responses began later for more occipital sites (Fig. 5(C)). Two-sided student
t-tests of post-hoc electrodes sites (F7, T7, P7) showed an effect of condition at 600 ms for
both T7 (t(1,19) = -2.712 p=0.010) and P7 (t(1,19) = -3.472 p=0.001), but not for F7 (t
(1,19) = -1.029 p=0.310).
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The conditional responses in the left fronto-temporal regions of the scalp (Fig. 6(A, B))
were similar to those in temporal and temporo-parietal scalp regions (Figs. 4(C) and 5(A)).
Specifically, in response to incongruent endings, there was a positive going deflection that
began ~ 175 ms after final word onset and peaked at 400 ms, followed by a negative
deflection that spanned until 800 ms (Fig. 6 (A, B)). However, in response to congruent
sentence endings, fronto-temporal scalp regions had a much more robust early deflection
that began ~ 100 ms and peaked ~ 250 ms after final word onset. This early peak was

then followed by a negative going potential that started at 400 ms and continued for the
remainder of the epoch, similar to the congruent response in temporal electrodes. Two-sided
student t-tests of post-hoc electrodes sites showed an effect of condition at 250 ms for

both F7 (t(1,19) = -3.191 p=0.003) and T7 (t(1,19) = -4.968 p = 1.467e-5), but not

P7 (t(1,19) = -1.485 p=0.146). In order to more accurately characterize this early peak,
the grand mean topography for the 20 included participants was measured over a 10 ms
time window, centered at 250 ms after final word onset (Fig. 6(D)). The scalp potentials

in response to congruent and incongruent sentence endings are shown on top row (red =
positive; blue = negative). There was substantial frontal negativity in both conditions. In
contrast, in response to congruent endings, there was positive activity in central-parietal
locations, while in response to incongruent endings, there was a leftward positivity over
fronto-temporal regions of the scalp. Both of these central-parietal and left fronto-temporal
scalp regions were significantly different between conditions (Fig. 3).

Effects of cloze probability

To investigate for an effect of CP on conditional responses, the grand mean ERPs for
midline electrodes (Pz, Cz, Fz) were characterized after separating sentences by their cloze
probability (CP) score: sentences with 96-100 % CP (54 sentence pairs; Fig. 7 (A));
sentences with 90-<96 % CP (56 sentence pairs; Fig. 7(B)); sentences with 80-<90 % CP
(46 sentence pairs; Fig. 7(C)); and sentences with < 80 % CP (43 sentence pairs; Fig. 7(D)).
The distribution of CP in this stimulus set is shown in Fig. S3. Each CP division (Fig. 7(A-
D)) for these electrodes was similar to their respective grand average ERPs depicted in Fig.
1. Furthermore, the response to each condition was similar between all CP divisions. For
midline electrodes (Pz) and (Cz), in response to incongruent sentence endings, all divisions
had a negative-going potential that began ~ 200 ms after final word onset, persisted for ~
400 ms, and peaked approximately at 400 ms. In response to congruent endings, although
the amplitudes varied, all divisions had a positive potential that began at the onset of the
final word to ~ 600 ms. At frontal electrode (Fz), regardless of CP division, there was a
negative going deflection in response to both congruent and incongruent sentence endings.
An rmANOVA conducted at three separate time points (250 ms, 400 ms, and 600 ms) for
midline electrodes (Fz, Cz, Pz) showed no effect of CP or Condition*CP (Table 2). The
effects of CP at frontal, temporal and parietal electrode sites (F7, T7, P7) are characterized
in Fig. S4. There was only an effect of CP and Condition*CP at 600 ms for parietal
electrode (P7).
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DISCUSSION

The purpose of this study was to develop and make publicly available, a standardized

and validated auditory semantic anomaly stimulus set that evoked the classic N400 ERP
component, and to provide a high-density EEG dataset from neurotypical adults (N =

20) for use by researchers interested in the neurophysiology of semantic and syntactic
processing. This stimulus set did indeed evoke a reliable N400 response across the 20 NT
adults in both congruent and incongruent sentences. Consistent with prior literature (Kutas
and Hillyard, 1984, 1980; Osterhout and Holcomb, 1992; Luck, 2005; Lau et al., 2008;
Block and Baldwin, 2010), relative to congruent sentence endings, incongruent sentence
endings produced a larger amplitude (a difference of 1.43 pV at Cz and 1.46 PV at Pz)
deflection 400 ms after the onset of the final word over central-parietal electrodes. These
data reinforce the interpretation that the N40O represents an index of semantic processing
and integration (Kutas and Hillyard, 1980; Brown and Hagoort, 1993; Connolly and Phillips,
1994; Kaan, 2007; Lau et al., 2008; Brouwer et al., 2017). Left-lateralized, semantically-
driven responses 400 ms after final word onset were also observed over temporal scalp sites.
Significant semantically-related activity was also observed over left anterior electrodes.
There was an early negative deflection peaking ~ 250 ms post-stimulus onset in response

to only congruent sentence endings, consistent with the RP literature (Dien et al., 2003;
Martin-Loeches et al., 2004; Martin-Loeches, 2007; Proverbio and Riva, 2009; Gouvea

et al., 2010; Fernandez and Smith Cairns, 2011; Brouwer et al., 2017). However, the
topography of the RP in the prior literature was not over fronto-temporal scalp regions,

but rather over the VWFA (Dien et al., 2003; Martin-Loeches, 2007). This difference is
almost certainly due to the sensory modality in which the stimuli were presented. Unlike
some prior studies that used visual words (Dien et al., 2003; Martin-Loeches et al., 2004)

or pictures (Proverbio and Riva, 2009), stimuli here were presented auditorily in order

to evoke responses in the auditory cortex and areas commonly associated with language
comprehension. These topographic differences suggest that the RP topography is dependent
on the sensory modality of the stimuli. There was also significant semantically-related
positive activity over temporal and parietal-occipital scalp regions, peaking 600—-1000 ms
post-stimulus onset, that was consistent with LPC (P600) literature (Luck, 2005; Braeutigam
et al., 2008; Wang et al., 2009). We would like to remind the reader that the terms LPC and
P600 have been used interchangeably, with LPC being used most often when the work is
specifically addressing responses to semantic contexts (Kaan et al., 2000; Hoeks et al., 2004;
Kim and Osterhout, 2005; Luck, 2005; Van Herten et al., 2005; Wang et al., 2009; Gouvea
et al., 2010; Friederici, 2011, 2002; Brouwer et al., 2017; Leckey and Federmeier, 2020).
For our current purposes, we will refer to this component as “LPC (P600)” in an effort to
encompass the terminology of prior studies and avoid confusion.

Because the peak amplitude of the N400 component has been shown to be modulated

by expectation (Kutas and Hillyard, 1984; Connolly and Phillips, 1994; St. George et al.,
1994; Federmeier and Kutas, 1999; Van Berkum et al., 1999; Kutas and Federmeier, 2000;
Federmeier, 2007; Kaan, 2007; Lau et al., 2008; Fitz and Chang, 2019), we investigated

the effect of CP on the amplitude of condition specific modulations of the N400. It was
hypothesized that as word expectation became less dependent on context (i.e. lower CP), the
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integration of subsequent words would be more difficult. Data from the current study did
not support this hypothesis. For midline, frontal, temporal, and parietal electrode sites, there
were no main effects of CP, and there was no CP by Condition interaction at 400 ms. There
were however, effects of CP and CP*Condition at later time points over parietal electrode
sites, which suggested that the LPC (P600) was more sensitive to CP differences in this
stimulus set. This lack of an effect at 400 ms may also be explained by the ‘high” CP of the
majority of our stimuli (Bloom and Fischler, 1980; Block and Baldwin, 2010; Khachatryan
etal., 2014).

An effect of presentation order (i.e. hearing the congruent sentence before its incongruent
counterpart, and vice versa) was investigated because the task design included two iterations
of each sentence, where the ending was either congruent or incongruent. It was expected that
semantic violations of word expectation in newer contexts would be harder to integrate than
violations in repeated contexts, but the data did not support this hypothesis (Figs. S5 and

S6; Tables 2 and 3). However, there was an effect of Condition*Order at electrode (Pz) that
corresponded with more positive amplitudes in response to incongruent sentence endings
over the 600-900 ms timeframe, when the incongruent pair was presented first (Fig. S5).
This suggests that the LPC (P600) was more sensitive to the presentation order of these
stimuli.

Because prior literature has suggested that the LPC (P600) component was sensitive to both
semantic and syntactic errors (Ainsworth-Darnell et al., 1998; Friederici, 2002; Van Herten
et al., 2005; Wang et al., 2009; Gouvea et al., 2010; Brouwer and Hoeks, 2013; Schacht

et al., 2014; Brouwer et al., 2017; Fitz and Chang, 2019), effects of syntactic errors in this
stimulus set were also investigated. For this analysis, responses to sentences were separated
into 2 linguistic divisions (LD): 1. Sentence pairs with only semantic errors; and 2. Sentence
pairs with both semantic and syntactic errors. This analysis found an effect of LD at 400 ms
at frontal electrode site Fz. There were no effects of Condition*LD for any electrode at any
time point (Figs. S7 and S8; Tables 2 and 3). This suggests that semantic errors were more
salient than syntactic errors in this stimulus set, which reinforces that this task was primarily
a semantic task for neurotypical adults.

The analyses for an effect of CP, order, and linguistic error had relatively minor effects for
this NT sample, which may not be the case for other populations. Future studies that utilize
these analyses could provide insight into expectation, memory, or linguistic comprehension
differences between NT populations and other populations of interest. Furthermore,
semantic studies that make use of this stimulus set may increase the comparability and
reproducibility within this field of research.

A number of limitations of this study should be mentioned. First, although inconsistent,
there was an effect of Quarter at electrode F7 and Condition*Quarter at electrode Pz over the
LPC (P600) (Figs. S9 and S10; Tables 2 and 3). To reduce any effects related to particular
quarters of the experiment, future studies should follow our break schedule, and consider
either enforcing an extended halfway break or reducing the number of stimuli employed.
Second, stimuli were presented in a pseudorandomized order. Although the grand average
mean for each channel would not be affected by this, pseudorandomization could present
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bias in other analyses such as an effect of CP, stimulus order, linguistic error, and quarter.
Therefore, differences uncovered here could have been influenced by when in the task

the stimuli were presented. To have a more complete analysis of the data, future studies

that use this stimulus set should properly randomize the stimuli. Third, both congruent

and incongruent sentence pairs were presented in the task. Although this could introduce
repetition effects, after analyzing for an effect of stimulus order on the ERPs, there was

only an effect of Condition*Order at electrode Pz at 600 ms (Figs. S5 and S6; Tables

2 and 3). Moreover, providing both sentence pairs in our study provides a key control

for cloze probability and allows the entirety of this stimulus set to be analyzed. Fourth,

this study was primarily concerned with the first language of participants. As such, the
participants in this dataset were reflective of the general population, including both left
handed and bi/multilingual individuals. Due to insufficient power, an effect of handedness or
bilingualism on these ERPs could not be investigated. Essentially, differences in ERPs could
not be evaluated beyond individual differences. However, ERP’s were constructed for both
monolingual and bi/multilingual participants to show that both groups exhibit a robust N400
and LPC (P600) at major electrode locations (Fig. S11).

Future research may find that this N40O0 stimulus set will be especially useful for studying
reading/auditory semantic abilities of atypical populations, such as individuals with ASD.
Primarily because this stimulus set used a linguistic, semantic anomaly paradigm, which
targeted higher-level semantic comprehension rather than single word comprehension
(decoding (Fernandez and Smith Cairns, 2011: Fernandes et al., 2016)). Additionally, our
stimuli are non-prosodic auditory sentences. Even though the prosody in our sentences
would have been superfluous to a degree, this assures that NT individuals don’t not have
an advantage in language comprehension over other populations with atypical auditory
processing or difficulty with communication/prosody, such as those with ASD (McCann
et al., 2007; DePape et al., 2012; Eigsti et al., 2012; O’Connor, 2012; Wang and Tsao,
2015; Martzoukou et al., 2017). This stimulus set was also designed for language levels
of individuals > 5 years, which could provide seamless comparability across development,
and the predictability of each sentence was measured via CP. Furthermore, this stimulus
set elicited the LPC (P600), which was reportedly different in individuals with ASD
(Braeutigam et al., 2008; Coderre et al., 2017; DiStefano et al., 2019). Future use of this
stimulus set may increase the comparability and reproducibility within reading/auditory
ASD semantic processing research.

In conclusion, this auditory stimulus set successfully elicited an N400 response as well
as other semantically related ERP components: the LPC (P600) and RP. This stimulus set
can be used for a wide range of ages and populations, and its availability could contribute
to more comparable, consistent results between future studies that use the N400 ERP
component to derive information about sentential semantic integration.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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condition (Blue, congruent. Red, Incongruent). Difference plots are in purple (incongruent
— congruent amplitudes). The shading around each line represents the s.e.m. To the right

of each electrode is the individual participant amplitudes at 400 ms (avg. 395-405 ms

represented by the gray bar) per condition (congruent vs incongruent). (D) Head model

showing electrode locations.
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Fig. 2. Grand aver age scalp topography over 5 time points.
The average distribution of EEG amplitudes for the 20 included participants based on the

average reference. Focused on 5 major time points (0 ms, 400 ms, 600 ms, 700 ms, and

800 ms) averaged over 10 ms. Topographic amplitudes in response to (A) Congruent stimuli,
(B) Incongruent stimuli. (C) The difference between conditions (Incongruent — Congruent
amplitudes).

Neuroscience. Author manuscript; available in PMC 2022 October 07.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Toffolo et al.

Channel Location (BioSemi)

Cz

PO7

Pz

AF8

-
N

F7
FT7

C3

TP7

P7

Page 22

t-test Cluster Plot

Al

Ad

A8
A12
A16
A20
A24
A28
A32

B4

B8
B12
B16
B20
B24
B28
B32

C4

c8
c12
C16
Cc20
C24
C28
C32

D4

D8
D12
D16
D20
D24
D28
D32

|

) ==

:

;

U

I NN N R NN RN RN RN NN SRR NN NN RN RN RN EEENEEEEEEEREEEEREEEEEREEN]

o BB R R EE R R BEE AR R R EEE R B E AN R EE BN BN R B A EEEEEEEE AN B EEEEEEEEEEEE RS A EEE NN A EEE BN BN EEE R

100 200 300 400 500 600 700 800 900 1000
Time (ms)

Fig. 3. Cluster plot of t-valuesfor all 128 channels after conducting two-tailed independent
samplet-tests.

T-tests used the Monte-Carlo method, the triangulation method for spatial clustering, and
a multiple-comparison correction. A 5% two-sided cutoff criterion was applied to both
positive and negative clusters. Channels are identified by BioSemi cap coordinates and the
electrodes mentioned in this dataset are noted with the standard 10-20 electrode positions.
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Fig. 4. ERP Plotsfor Temporal Electrodes.
ERP plots for (A) Cz, (B) C3, and (C) T7, show amplitude changes over 1000 ms, per

condition (Blue, congruent. Red, Incongruent). Difference plots are in purple (incongruent

— congruent amplitudes). The shading around each line represents the s.e.m. To the right of
each electrode is the individual participant amplitudes at 400 ms and 600 ms (avg. 395-405
ms and 595-605 ms respectively, represented by the gray bars) per condition (congruent vs
incongruent). (D) Head model showing electrode locations.
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Fig. 5. ERP Plotsfor Temporo-Occipital Electrodes.
ERP plots for (A) TP7, (B) P7, and (C) PO7, show amplitude changes over 1000 ms, per

condition (Blue, congruent. Red, Incongruent). Difference plots are in purple (incongruent

— congruent amplitudes). The shading around each line represents the s.e.m. To the right of
each electrode is the individual participant amplitudes at 600 ms and 700 ms (avg. 595-605
ms and 695-705 ms respectively, represented by the gray bars) per condition (congruent vs
incongruent). (D) Head model showing electrode locations.
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Fig. 6. ERP Plotsfor Electrodes over Fronto-Temporal electrodes.
ERP plots for (A) F7 and (B) FT7, show amplitude changes over 1000 ms, per condition

(Blue, congruent. Red, Incongruent). Difference plots are in purple (incongruent — congruent
amplitudes). The shading around each line represents the s.e.m. To the right of each
electrode is the individual participant amplitudes at 250 ms and 400 ms (avg. 245-255

ms and 395-405 ms respectively, represented by the gray bars) per condition (congruent

vs incongruent). (C) Head model showing electrode locations. (D) Topography averaged
between 225 and 250 ms for congruent stimuli, incongruent stimuli, difference between
conditions (incongruent — congruent amplitudes). Although averaged over 10 ms, p-value
cluster plots for this time frame were provided as a visual guide (white means p-value is >
0.05). Refer to Fig. 3 for spatial-temporal clustering analysis.
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Fig. 7. ERP Plots of Midline Electrodes Pz, Cz, and Fz separated by differing levels of Cloze
Probability.

The ERP plots show amplitude changes over 1000 ms, per condition (Blue, congruent. Red,
Incongruent). The shading around each line represents the s.e.m. (A) Sentences with 96-100
% cloze probability (54 congruent and 55 incongruent stimuli). (B) Sentences with 90-<96
% cloze probability (56 sentences pairs). (C) Sentences with 80-<90 % cloze probability
(47 sentence pairs). (D) Sentences with < 80 % cloze probability (43 congruent and 42
incongruent stimuli). Statistics for these electrodes are on Table 2.
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Table 2.
Alternative main effectsfor midline electrodes Fz, Cz, and Pz at four timeintervals.

Amplitudes for the congruent and incongruent condition were acquired for each electrode, effect (i.e. cloze
probability (CP), order, language division (LD), and quarter (Q) of the experiment), time interval, and
participant by averaging the amplitude values from 5 ms before the time point to 5 ms after. Using these
values, the main effects of condition and alternative affects were assessed using the repeated measure ANOVA.
Provided are the F statistic (F) and p-values from this test. Bolded values represent a significant difference
between conditions (p < 0.05, two-tailed). Italicized values represent where the assumption of sphericity (p <
0.05, two-tailed) was violated using the Mauchly’s test of sphericity

Timelnterval
250 ms 400 ms 600 ms
Main Effect Electrode Fz
Close Probability F=1.088 F=0.677 F =0.625
p=0.361 p=0570 p=0.602
Order F =4.552 F=0.017 F=0.141
p=0.046 p=0.898 p=0.712
Language Division F =2.854 F =4.387 F=1578
£=0.108 p = 0.050 p=0224
Quarter F =0.369 F=0.120 F=0.183
p=0.776 p=0.948 p=0.907
Condition*CP F=1873 F=1544 F=0.823
p=0144 p=0.213 p=0.486
Condition*Order F=0.061 F =0.846 F=1578
p=0.807 p=0.369 p=0224
Condition*LD F =0.003 F =0.290 F =0.087
p=0.959 p=0597 p=0771
Condition*Q F=0.183 F =0.356 F=0568
p=0.907 p=0.785 p= 0639
Electrode Cz
Close Probability F =1.403 F=11665 F=2.288
p=0.252 p=0331 p=0.088
Order F=0.917 F=0.423 F=0.316
p=0.250 p=0.523 p=0.518
Language Division F =1.364 F=1.247 F=0.102
p=0.247 p=0278 p=0.752
Quarter F =0.655 F=0.530 F=0.494
p=0.583 p=0.663 p=0.688
Condition*CP F=1.822 F =1.596 F=1.894
p=0.153 p=0.200 p=0.141
Condition*Order F =0.008 F =0.088 F=1312
p=0.931 p=0.770 p=0.266
Condition*LD F=0.113 F =0.040 F =0.396
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Timelnterval
250 ms 400 ms 600 ms
p=0.740 p=0.844 p=0537
Condition*Q F=0.433 F=0.431 F=0471
p=0.730 p=0.732 p=0.704
Electrode Pz
Close Probability F=1165 F=0.762 F =1.886
p=0331 p=0.520 p=0.142
Order F=2628 F =0.548 F=1.041
p=0.121 p=0.466 p=0.320
Language Division F =1.868 F=2.320 F=0.137
p=0.188 p=0.144 p=0.715
Quarter F=0.578 F=0.777 F=1.250
p=0.632 p=0512 p=0.300
Condition*CP F=0.797 F =1.049 F=2781
p=0501 p=0.378 p = 0.049
Condition*Order F=2446 F=1521 F =9.046
p=0.134 p=0232 p =0.007
Condition*LD F=1350E-5 F=2589E-4 F=0.077
p=0.006 p=0122 p=0.784
Condition*Q F=0.913 F=0.700 F=2793
p=0.441 0= 0.556 p=0.048
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Table 3.
Main effectsfor electrodes F7, T7, and P7 at four timeintervals.

Amplitudes for the congruent and incongruent condition were acquired for each electrode, effect (i.e. cloze
probability (CP), order, language division (LD), and quarter (Q) of the experiment), time interval, and
participant by averaging the amplitude values from 5 ms before the time point to 5 ms after. Using these
values, the main effects of condition and alternative affects were assessed using the repeated measure ANOVA.
Provided are the F statistic (F) and p-values from this test. Bolded values represent a significant difference
between conditions (p < 0.05, two-tailed). Italicized values represent where the assumption of sphericity (p <
0.05, two-tailed) was violated using the Mauchly’s test of sphericity

Timelnterval
250 ms 400 ms 600 ms
Main Effect Electrode F7
Close Probability F=0.213 F=0.282 F =0.662
p=0.887 p=0.838 p=0579
Order F=0.038 F=0.024 F=0.024
p=0.847 p=0.878 p=0.878
Language Division F =0.352 F=2.897 F=0.158
p=0.560 p=0.105 p=0.696
Quarter F=0.774 F=1.061 F =3.645
p=0514 p=0373 p=0.018
Condition*CP F =0.868 F=0.797 F=0.673
p=0.463 p=0.501 p=0.572
Condition*Order F =0.590 F=0.250 F=3.293
p=0.452 p=0.623 p=0.085
Condition*LD F =2.040 F=0.510 F =2.000
p=0.169 p=0.484 p=0.173
Condition*Q F=0.039 F=0.153 F =0.503
p=0.990 p=0927 p=0.682
Electrode T7
Close Probability F=0.716 F=1.093 F=1.099
p=0546 p=0.360 p=0.357
Order F=1.268 F=1.995 F =0.039
p=0.274 p=0.174 p=0.845
Language Division F =0.027 F=0.612 F=0.393
p=0.872 p=0.444 p=0538
Quarter F=1.247 F=1.289 F=0.347
p=0.301 p=0.287 p=0.791
Condition*CP F=0.955 F=1.251 F=1461
p= 0420 p=0300 p=0235
Condition*Order F=2.049 F=0.347 F=0.028
p=0.169 p=0.563 p=0.870
Condition*LD F=0.301 F=4757E-9 F=0.091
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Timelnterval
250 ms 400 ms 600 ms
p=0.590 p=1.000 p=0.766
Condition*Q F=0.168 F =1.096 F =0.602
p=0.918 p=0.358 p=0.617
Electrode P7
Close Probability F=0407 F=0.780 F =10.003
p=0.748 p=0.510 p = 2.150E-5
Order F=0.390 F =0.035 F =0.259
p=0.540 p=0.853 p=0.062
Language Division F=1.118 F=1.870 F=0.024
p=0.304 p=0.187 p=0.879
Quarter F=0.353 F=0.874 F=0.882
p=0.787 p=0.460 p=0.456
Condition*CP F =1.502 F =0.037 F=6.275
p=0.224 £=0.990 p = 9.864E-4
Condition*Order F=0.477 F=1.162 F=1.088
p=0.498 p=0.295 p=0.310
Condition*LD F =0.306 F =2.963 F =0.547
p=0587 p=0.101 p=0.468
Condition*Q F=0214 F=0.884 F=0.855
p=0.886 p=0.455 p=0.470
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