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Abstract 
Aims. Speech processing has traditionally been studied with simple paradigms that do not 
take the variety of natural speech perception situations into consideration. Speech processing 
in everyday situations becomes more difficult if, for example, the auditory quality of speech is 
poor, there are other distracting voices in the listening environment or if the semantic context 
of the conversation is not clear. Nevertheless, humans possess an exceptional capability to 
selectively attend to a specific speech stream even in suboptimal listening conditions. In a 
recent functional magnetic resonance imaging (fMRI) study, participants followed audiovisual 
dialogues amongst distracting speech. The dialogues were presented in various experimental 
conditions including two different levels of semantic predictability. The results gave support 
to the novel notion that high-level semantic information has an impact already at lower levels 
of auditory processing. The aim of the present study was to examine whether support for this 
notion would be demonstrated using a method that has a better temporal resolution than fMRI. 
I examined the effects and interaction of semantic context and selective attention in the pro-
cessing of naturalistic speech using the same stimuli as the recent fMRI study but collected 
neurophysiological data with electroencephalography (EEG) as it has a temporal resolution 
of milliseconds. 
 
Methods. Thirty adults selectively attended to audiovisual two-person dialogues with distract-
ing speech in the background during EEG recordings. Half of the dialogues had a coherent 
narrative and the other half consisted of mixed lines from unrelated dialogues. The partici-
pants answered questions on dialogue content. In addition, the participants carried out a vis-
ual control task during which they were instructed to ignore all speech. I analyzed behavioral 
performance and event-related potentials (ERPs) timed to the beginning of dialogue lines in 
the two tasks. 
 
Results and conclusions. Based on the behavioral results, a coherent semantic context en-
hanced speech intelligibility. The ERP results suggested that semantic contextual coherence 
modulated the processes of auditory selective attention at around 180 ms after dialogue line 
onset. This attentional effect was significant only when the dialogues were attended to, and 
the semantic context was coherent. Furthermore, the beginnings of lines in incoherent dia-
logues elicited a P300 effect which could be linked to memory-related operations of contextual 
updating. Alternative interpretations are discussed. In conclusion, the present study provides 
both behavioral and neural evidence that semantic contextual information enhances the pro-
cesses of auditory selective attention in compromised listening conditions. A coherent seman-
tic context seems to facilitate the processing of contextually relevant information through se-
mantic priming already at early stages of auditory attentional processing. 
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prosessointia arkipäiväisissä tilanteissa voi hankaloittaa esimerkiksi puheen huono kuulonva-
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1 INTRODUCTION 
 

Understanding natural speech requires combining information from different 

sources, such as the voice and face of the speaker and the linguistic context of 

the conversation (McGettigan et al., 2012). Speech processing in everyday situ-

ations becomes more difficult if the information from these sources is compro-

mised, for example, if the auditory quality of speech is poor, visual information is 

not available, the semantic context is not clear or if there are other voices or am-

bient noises in the listening environment (e.g., Van Engen, Phelps, Smiljanic & 

Chandrasekaran, 2014). Nevertheless, humans possess an exceptional capabil-

ity to selectively attend to a specific speech stream even in suboptimal listening 

conditions, for example in multi-talker settings or otherwise noisy situations, and 

to further process the attended speech to comprehend what is being said (e.g., 

Haykin & Chen, 2005). However, the exact neurocognitive mechanisms enabling 

this are not yet completely understood (e.g., Rimmele, Zion Golumbic, Schröger 

& Poeppel, 2015). Until recently, most studies have used rather simple paradigms 

with simple stimuli to study the processes of auditory selective attention, but for-

tunately, with advances in data acquisition and analysis methods, research using 

continuous speech stimuli has become more common. 

A growing number of studies has shown how different factors modulate 

speech processing in challenging listening situations (e.g., Van Engen et al., 

2014). Nonetheless, the interaction between selective attentional processes and 

semantic context has not been extensively studied with brain research methods. 

In a recent functional magnetic resonance imaging (fMRI) experiment (Wikman 

et al., 2021), participants viewed audiovisual (AV) two-person dialogues with sim-

ultaneous distracting speech in the background. The dialogues were presented 

in various experimental conditions including two different levels of semantic pre-

dictability. The results showed that dialogue-level semantic coherence modulated 

attentional speech processing in the auditory cortex, suggesting that high-level 

semantic information has an impact already at lower levels of auditory pro-

cessing. Only few other studies have demonstrated similar findings (Broderick, 

Anderson & Lalor, 2019; de Heer, Huth, Griffiths, Gallant & Theunissen, 2017). 

Wikman et al. (2021) used fMRI which provides accurate spatial information (mil-

limeter range) but has a temporal resolution of several seconds (Huettel, Song & 
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McCarthy, 2009). The purpose of the present study was to examine the interac-

tion of semantic context and selective attention in the perception of naturalistic 

speech from a more exact temporal perspective using the same stimuli as Wik-

man et al. (2021) but collecting data with electroencephalography (EEG) instead 

of fMRI. EEG has significantly poorer spatial resolution than fMRI but a temporal 

resolution of milliseconds (Burle et al., 2015; Hari & Puce, 2017). 

 

1.1 Context in speech processing 
 
For humans, comprehension of spoken language is usually effortless. However, 

the neural processes behind it are complex (e.g., Hickok, 2009). Various brain 

regions co-operate to analyze the acoustic information of perceived speech, to 

select the appropriate words by comparing the acoustic input with stored lexical 

knowledge, to retrieve the meanings of those words and finally to integrate them 

into the ongoing context (e.g., van den Brink, Brown & Hagoort, 2006; Hickok, 

2009; Marslen-Wilson & Welsh, 1978). Context provides the resources for mak-

ing appropriate interpretations; it is information about, for example, the cultural 

setting or shared background assumptions at a given situation (Duranti & Good-

win, 1992). This extensive knowledge about the world that is utilized in language 

comprehension is stored in semantic memory (Binder & Desai, 2011). Language 

is used in context, and linguistic contextual information appears to have a distinct 

role in speech processing. For example, words embedded in sentences are eas-

ier to understand than single words (Miller, Heise & Lichten, 1951; Stickney & 

Assmann, 2001), and sentence-final words are more intelligible when their lin-

guistic predictability is high (McGettigan et al., 2012). A rich sentential semantic 

context has also been shown to facilitate word intelligibility especially in situations 

where the auditory quality of speech is compromised (e.g., Davis, Ford, Kherif & 

Johnsrude, 2011; Dubno, Ahlstrom & Horwitz, 2000; Grant & Seitz, 2000; 

Obleser, Wise, Dresner & Scott, 2007; Stickney & Assmann, 2001). Importantly, 

dialogue-level contextual coherence has been demonstrated to facilitate the rec-

ollection of the contents of AV speech in a cocktail-party-like situation (Wikman 

et al., 2021). These findings give support to semantic context having a consider-

able role in speech processing in, for instance, multi-talker settings. 
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The effect of context in speech processing has been explained by seman-

tic priming, which means that identifying or naming a word is easier and faster if 

it is preceded by a semantically related word (Meyer & Schvaneveldt, 1971; 

Neely, Keefe & Ross, 1989; Tabossi & Johnson-Laird, 1980). In addition to single 

words, the semantic priming effect can also be created at sentence-level (e.g., 

Fischler & Bloom, 1979; Schuberth & Eimas, 1977). It is assumed that higher-

level, semantic neural processes support lower-level, perceptual mechanisms 

making speech processing easier (Federmeier, 2007; McGettigan et al., 2012). 

 

1.1.1 The N400 paradigm 
 
Traditionally, the impact of context in speech processing has been studied with 

EEG using the so-called N400 paradigm, in which words that are semantically 

deviant in their local sentence context elicit a negative event-related potential 

(ERP) deflection that generally starts at around 200–250 ms after the onset of 

the anomalous word and peaks at around 400 ms (Kutas & Hillyard, 1980). The 

N400 typically has its greatest amplitudes at centroparietal electrode sites 

(Kemmerer, 2015). 

In the pioneering study of Kutas and Hillyard (1980), participants read sen-

tences presented one word at a time. Some sentences ended in semantically 

appropriate words, some in semantically inappropriate words and some in se-

mantically appropriate words that were larger in letter size. The semantic incon-

gruencies elicited N400s but the effect was not elicited by typographic anomalies 

and was thus interpreted to reflect the semantic processing of words in relation 

to their sentential context. Numerous follow-up studies have shown that the N400 

effect is, in fact, a part of the neural response to all words and word-like stimuli 

(e.g., pseudowords) in different modalities, including visual and auditory words 

as well as sign language signs (Kutas & Federmeier, 2000; Kutas, Neville & Hol-

comb, 1987). The amplitude of the N400 effect varies systematically depending 

on how well the word in question fits its sentential context (Kutas & Federmeier, 

2000). The amplitude is particularly large for semantic violations, and it has been 

observed to be an inverse function of a word’s cloze probability, that is, the prob-

ability of a particular word completing a particular sentence (Kutas & Hillyard, 
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1984). For open-class words (i.e., nouns, verbs, adjectives and adverbs), sen-

tence position and word frequency have been observed to affect the N400 ampli-

tude: earlier words and infrequent words elicit larger N400 effects than later words 

and frequent words (Van Petten & Kutas, 1990). The N400 amplitude has been 

interpreted to express the amount of effort it takes to process a word within its 

local context (Kutas & Federmeier, 2000). 

In addition to the traditional N400 studies of words in individual sentences, 

ERPs have also been used to study discourse-level comprehension (van 

Berkum, 2012). In the experiment by St. George, Mannes and Hoffinan (1994), 

participants read short stories with and without a title. The stories were composed 

so that their individual sentences were interconnected and related to a specific 

topic, but the lack of a title made it difficult to deduce what the actual topic was. 

Content words in untitled stories elicited larger N400 deflections than the same 

words in titled stories which was interpreted to indicate that the N400 effect is not 

only related to a lexical or sentential context but to a more extensive global con-

text as well (St. George et al., 1994). Inspired by these findings, follow-up re-

search has shown that the N400 effect is also observed for written and spoken 

words that fit their local sentential context well but are not supported by a wider 

discourse-level context (van Berkum, Hagoort & Brown, 1999; van Berkum, 

Zwitserlood, Hagoort & Brown, 2003). For example, in the sentence “Jane told 

her brother that he was exceptionally quick/slow” in a context where Jane’s 

brother had done something very quickly, the word “slow” elicited a larger N400 

deflection than the word “quick”, in both written and spoken modalities (van 

Berkum et al., 1999; van Berkum et al., 2003). For spoken words, the N400 effect 

started 150–200 ms after the onset of the anomalous word and peaked at about 

400 ms, indicating that words are related to a wider context very rapidly, often 

well before the end of the word (the average critical word duration was 550 ms; 

van Berkum et al., 2003). The N400 effect was observed similarly for sentence-

medial and sentence-final words indicating that as a sentence is unfolding, all 

words are instantly related to the overall discourse (van Berkum et al., 2003). The 

N400 effect was not observed for the same words when the sentences were pre-

sented individually (van Berkum et al., 2003). Furthermore, the N400 effect ob-

served for discourse-anomalous words was qualitatively (i.e., concerning polarity, 

morphology, scalp distribution and coarse timing) identical to the standard N400 
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effect elicited by sentence-anomalous words, and this was interpreted to suggest 

that words are related to their sentential context and their discourse-level context 

in a similar manner (van Berkum, 2004; van Berkum et al., 1999; van Berkum et 

al., 2003). There is a growing body of literature showing that incorporating a word 

into a wider discourse context does not take additional time compared to the in-

corporation of a word into a local sentence, and that these two forms of semantic 

integration seem to occur more or less simultaneously (Kemmerer, 2015; van 

Berkum, 2012). In other words, an incoming word is simply evaluated in relation 

to the widest interpretive domain available (van Berkum, 2004). 

As discussed, the study of Van Berkum et al. (2003) showed that the se-

mantic integration of words in relation to a wider context starts very quickly, al-

ready 150–200 ms after word onset. Two studies (van den Brink et al., 2006; Van 

Petten, Coulson, Rubin, Plante & Parks, 1999) have examined the timing of se-

mantic integration more closely and shown that it starts even before the isolation 

point (IP) of a word, that is, before the moment when a word can be uniquely 

identified based on acoustic information. In these studies, N400 effects to incon-

gruent sentence completions started at or before 200 ms after target word onset 

and clearly before the IPs of the target words. The results indicate that in the 

processing of spoken words in context, the semantic integration of a word is ini-

tiated when there are still various lexical candidates available and thus before the 

exact word can be recognized based on acoustic information alone. Taken to-

gether, these results show that N400 effects may start even earlier than what the 

traditional N400 studies have implied. 

Context might also help word processing in an anticipatory or predictive 

manner even before word recognition or the identification of a set of lexical can-

didates (e.g., Federmeier, 2007). That is, the processing of a word is influenced 

by the activation of semantic or lexical features that are expected to appear based 

on the available contextual information of, for example, the preceding sentence 

(Federmeier, 2007). Federmeier, McLennan, De Ochoa and Kutas (2002) studied 

this by having participants listen to pairs on sentences that lead to the expectation 

for a certain word in a certain semantic category (e.g., “They wanted to make the 

hotel look more like a tropical resort. So, along the driveway, they planted rows 

of…”). The sentences were completed by either 1) an expected word (e.g., 

“palms”), 2) an unexpected word from the expected semantic category (e.g., 
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“pines”; cloze probability < 0.05 in all cases) or 3) an unexpected word from an 

unexpected semantic category (e.g., “tulips”; cloze probability < 0.05 in all cases). 

In accordance with earlier N400 studies, the expected words elicited smaller 

N400 effects than either violation type, but in addition, within-category violations 

elicited smaller N400s than between-category violations even though both viola-

tion types had been established as equally unexpected sentence completions in 

cloze probability assessments (Federmeier et al., 2002). In addition, the sen-

tences varied in contextual constraint, that is, in the degree of how strongly (as 

indexed by cloze probability) they directed the participants to expect one certain 

word versus various different words for sentence completion. The N400 ampli-

tude for within-category violations (and not for other target words) was modulated 

by the degree of contextual constraint: the N400s for the within-category viola-

tions were smaller in strongly constraining as opposed to weakly constraining 

sentences. This was interpreted to indicate that context facilitates sentence pro-

cessing also in a predictive manner: the processing of contextual information pre-

activates semantic features associated with expected words and word-level pro-

cessing is easier when the fit between the features of the perceived and the pre-

dicted word is better (i.e., there is significant semantic feature overlap between 

the two). Evidence for predictive effects of context in speech processing has also 

been demonstrated in ERP studies concerning whether articles and adjectives in 

Dutch and Spanish match the gender of an expected upcoming noun (van 

Berkum, Brown, Zwitserlood, Kooijman & Hagoort, 2005; Wicha, Bates, Moreno 

& Kutas, 2003) and whether the indefinite articles in English (“a” and “an”) match 

an expected upcoming noun (DeLong, Urbach & Kutas, 2005). 

Studies examining the effects of attention on the N400 effect have yielded 

contradictory results. For example, Bentin, Kutas and Hillyard (1995) demon-

strated that semantic relatedness between successive words in word pairs sig-

nificantly modulates the N400s elicited by attended words but not by unattended 

words. In their study, subjects were presented with word pairs of semantically 

related or unrelated words simultaneously to the two ears. Subjects were in-

structed to attend to the word pairs presented to one ear while ignoring the words 

presented to the other ear. Okita and Jibu (1998) demonstrated similar results in 

their dichotic listening experiment. Supporting the results of Bentin et al. (1995) 

and Okita and Jibu (1998), Åkerla (2021) indicated that the semantic congruity of 
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unattended sentences does not modulate the N400s elicited by sentence-final 

words. In her study, participants were simultaneously presented with visual and 

auditory sentences and had to selectively attend to one modality at a time. Par-

ticipants completed a task of deducing whether the sentence they heard or read 

was semantically congruent or not. 

However, Relander, Rämä and Kujala (2009) demonstrated a statistically 

significant N400 effect for unattended word pairs. Their subjects listened to se-

mantically related and unrelated word pairs during three different tasks: 1) a pas-

sive task were subjects ignored the word pairs and attentively watched a silent, 

subtitled film, 2) a phonological task were subjects indicated whether the words 

in the word pairs ended in the same letter and 3) a word task were subjects indi-

cated whether the words in the word pairs were semantically related. A significant 

N400 effect was demonstrated in all tasks, but it was stronger in the phonological 

and word tasks than in the passive task. These results could indicate that seman-

tic processing occurs even when spoken words are not actively attended to. It is, 

however, possible that the difference in results compared to the studies of Bentin 

et al. (1995), Okita and Jibu (1998) and Åkerla (2021) could be accounted for by 

a less demanding and engaging task allowing the participants to unintentionally 

divide their attention between the auditory and visual modalities. 

In conclusion, N400 research has demonstrated that the human brain ef-

ficiently detects semantic contextual anomalies in speech. However, studies have 

mostly focused on word pairs, individual sentences and pairs of sentences and 

hence might not ideally represent the processing of naturalistic speech. In addi-

tion, the effect of attention on the semantic processing of language remains un-

clear. 

 

1.1.2 Other methods in the research of contextual effects 
 
In addition to the N400 paradigm, other approaches have been used to study 

contextual effects in speech processing. For example, a recent EEG study (Bro-

derick, Anderson & Lalor, 2019) explored the effects of semantic context in the 

processing of continuous naturalistic speech (an audiobook) with speech-ampli-

tude-envelope-decoding analyses. The amplitude envelope of speech conveys 

information on low frequency fluctuations in the overall amplitude of speech (e.g., 
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Ding & Simon, 2012a). Broderick et al. (2019) sought to find evidence for whether 

semantic contextual knowledge affects early auditory encoding at low levels of 

speech processing. The results illustrated that a word’s acoustic envelope was 

more accurately reconstructed from EEG data when the word’s semantic similar-

ity to its sentential context was stronger and, importantly, that this interaction was 

most evident in the first 100 ms from target word onset. These findings suggest 

that semantic modulation happens already at early, pre-lexical levels of speech 

processing, and hence supports the similar findings in the N400 studies. 

Further support for early semantic impact has been found in the study of 

de Heer et al. (2017). In their study, participants listened to natural narrative 

speech (autobiographical stories told by single speakers) during fMRI measure-

ments. Amongst other findings, semantic properties of speech predicted a large 

part of the variance of blood oxygenation level-dependent (BOLD) responses al-

ready at the level of the auditory cortex suggesting that the transformation of 

speech sounds into meaningful words starts earlier than has generally been 

thought. As previously stated, Wikman et al. (2021) also demonstrated that se-

mantics modulate the processing of naturalistic speech already in the auditory 

cortex. Together, these results support the novel idea that high-level semantic 

information enhances speech processing already at its lower levels. 

 

1.2 Auditory selective attention 
 
Selective attention refers to the neural processes of selecting a certain source of 

input for enhanced processing (Luck & Kappenman, 2012). Auditory selective 

attention, or selective listening, is a subtype of selective attention and an integral 

ability for humans as our sensory systems frequently receive more information 

than can be actively processed. The dichotic listening task has been a popular 

experimental paradigm in the research of auditory selective attention (Styles, 

1997). In this task, participants are presented with simultaneous auditory stimuli 

to the two ears and are asked to perform a certain task concerning the stimuli 

presented to one ear while ignoring the stimuli presented to the other ear (Styles, 

1997). This type of task mimics the so-called cocktail party problem, that is, a 

situation where the sensory information from a certain source is processed while 
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there is other, potentially interfering sensory information available from concur-

rent sources (e.g., Bee & Micheyl, 2008; Cherry, 1953; Luck & Kappenman, 

2012). In the groundbreaking study by Cherry (1953), participants were pre-

sented with separate continuous speech streams to the two ears and asked to 

selectively listen to one stream while ignoring the other. In addition, they had to 

concurrently repeat the content of the attended speech stream. Cherry (1953) 

found that participants remembered the content of the ignored speech stream 

poorly and often failed to notice significant changes (e.g., a switch from English 

to German) in this speech. Since then, auditory selective attention has been in-

creasingly studied with varying experimental methods and paradigms: partici-

pants listening to single clicks or tones, words and continuous speech during be-

havioral (e.g., Broadbent, 1954), EEG (e.g., Hillyard, Hink, Schwent & Picton, 

1973), fMRI (e.g., Wikman et al., 2021) and magnetoencephalography (MEG; 

e.g., Zion Golumbic, Cogan, Schroeder & Poeppel, 2013) measurements 

amongst others. 

 

1.2.1 Selective attention to simple auditory stimuli 
 
ERPs have been used to examine the temporal details of auditory selective at-

tention due to their excellent temporal resolution (Burle et al., 2015; Hari & Puce, 

2017; Luck & Kappenman, 2012). By distinguishing where ERP waveforms of 

attended and unattended stimuli differ, it is possible to demonstrate stages of 

auditory processing that are influenced by attention (Luck & Kappenman, 2012). 

As the ERP technique requires averaging of the EEG signal in response to dis-

crete events in short time windows (Luck, 2014; Power, Foxe, Forde, Reilly & 

Lalor, 2012), the ERP technique has mostly been used with simple stimuli in the 

research of auditory selective attention. 

In a pioneering ERP study of auditory selective attention, Hillyard et al. 

(1973) had participants selectively listen to randomized sequences of tones of a 

certain pitch in one ear and ignore tones of another pitch in the other ear. Partic-

ipants were instructed to discriminate and count deviant tones with a slightly 

higher pitch that were played at random intervals between the standard tones. 

The results showed that the N1s (an ERP that peaks at around 80–110 ms after 

an abrupt sound) evoked by the tones were significantly larger when the tones 
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were attended to, and that the P2s (a subsequent ERP that peaks at around 160–

200 ms) were not notably altered in either ear. This was true for both the standard 

and the deviant stimuli. A later positive ERP component peaking at around 250–

400 ms, P3, was elicited by the deviant tones, but not by the standard tones in 

the attended ear. In the unattended ear, neither type of tone elicited a P3 wave. 

Hillyard et al. (1973) suggested that the N1 and P3 are signs of different pro-

cesses of auditory selective attention: N1 indexes the direction of attention and 

P3 the changes detected in the attended stimuli. The P3 component, or P300, 

has been extensively studied and has been characterized as an ERP component 

that peaks at the centroparietal midline at around 300–350 ms and is elicited by 

attended, low-probability stimuli (Hari & Puce, 2017). 

The N1 effect of attention is often overlapped and/or followed by a longer-

lasting ERP component specifically associated with auditory selective attention 

called processing negativity (PN; e.g., Mittag et al., 2013; Näätänen, 1975). The 

PN typically causes a sustained negative displacement of the ERPs elicited by 

attended tones in relation to unattended tones (e.g., Degerman, Rinne, Särkkä, 

Salmi & Alho, 2008; Hansen & Hillyard, 1980). This is called the negative differ-

ence (Nd) wave. The Nd wave has been shown to consist of an early phase at 

around 100–300 ms and a later phase at around 300–400 ms (Hansen & Hillyard, 

1980). The early phase has been suggested to index a mechanism of rough se-

lection between sounds (Hansen & Hillyard, 1980; Power et al., 2012). The later 

phase has a frontally dominant distribution and has been associated with the fur-

ther processing of selectively attended auditory stimuli and with prefrontal func-

tions maintaining attentional control in the auditory cortex (e.g., Alho, Woods & 

Algazi, 1994; Näätänen, 1990). In addition to simple tones, the Nd effect has been 

found for selectively attended spoken syllables and individual words as well (e.g., 

Hari et al., 1989; Mittag et al., 2013). 

 

1.2.2 Selective attention to continuous speech 
 
As previously mentioned, humans possess a remarkable capability of selectively 

attending to a specific speech stream while ignoring other irrelevant sounds in 

cocktail-party-like settings. Since the pioneering studies of selective listening 

(Cherry, 1953), it has been debated whether auditory selective attention operates 
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at a low-level of speech processing based on physical features of the attended 

voice (e.g., spatial location or pitch) or at a higher level during semantic pro-

cessing. Early studies of selective listening suggested that attentional selection 

depends on low-level auditory features of the attended speech (Broadbent, 

1954), but in later studies, contextually similar unattended speech was observed 

to interfere with the processing of the attended speech stream giving support to 

late selection models (Lewis, 1970; Moray & Taylor, 1958; Treisman, 1960). 

Treisman (1960) explained that this could be due to contextually highly probable 

words being more likely to be activated even in the unattended speech stream as 

semantically relevant information is being primed. Thus, it is possible that seman-

tic context helps maintaining attention on a selected speech stream in multi-talker 

settings, at least when the attended and unattended speech streams differ in their 

content. 

On the other hand, the more the competing speakers’ voices differ acous-

tically and perceptually from the target speaker’s voice in a multi-talker environ-

ment, the more accurately the target speech stream is usually perceived 

(Brungart, 2001). Yet, humans are typically able to selectively attend to a chosen 

speaker even if the competing speakers’ voices are, for example, louder or per-

ceptually similar (e.g., a same-sex speaker) to the target (Brungart, 2001; Ding & 

Simon, 2012a). In addition, behavioral studies have shown that semantic contex-

tual information helps the intelligibility of speech in noise (Bradlow & Alexander, 

2007; Kalikow, Stevens & Elliott, 1977; Smiljanic & Sladen, 2013; Van Engen et 

al., 2014; Wikman et al., 2021). For example, Van Engen et al. (2014) indicated 

that an intact semantic context enhances speech processing in multi-talker set-

tings when attending to audiovisual speech. The results also suggested that vis-

ual information can be used to aid speech intelligibility more efficiently in seman-

tically meaningful rather than semantically anomalous sentences. In the study of 

Wikman et al. (2021), the behavioral results similarly showed that speech is more 

intelligible in a multi-talker situation when the semantic context of the perceived 

dialogue is coherent. In addition, semantic congruency did not modulate the per-

formance in a control task where participants’ attention was directed to visual 

stimuli while the dialogues were ignored. Wikman et al. (2021) suggested that 

this indicates that the dialogues were not processed at a high level during the 
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visual control task as the degree of dialogue intelligibility did not affect perfor-

mance in this task (i.e., more comprehensible dialogues did not attract partici-

pants’ attention and increase errors in the control task). Ultimately, it seems that 

the more the attended and unattended speech streams differ in their acoustic, 

perceptual and semantic features, the easier it is to concentrate solely on the 

desired speech stream. Furthermore, a coherent semantic context appears to 

help selective listening of speech in noise. It would seem plausible that selective 

attention of speech might operate as a, at least, two-stage process based on both 

the physical and semantic features of perceived speech (e.g., Power et al., 2012; 

Teder, Kujala & Näätänen, 1993). 

Mesgarani and Chang (2012) used electrocorticography (ECoG) to record 

neural responses of subjects completing a selective listening task with two speak-

ers (one male, one female) simultaneously saying simple phrases. Each phrase 

contained a certain call sign and a certain color-number combination (e.g., “ready 

ringo go to green five now” where “ringo” is the call sign and “green five” is the 

color-number combination). The speakers’ voices differed in pitch, spectral profile 

and temporal characteristics. Speech spectrogram reconstructions based on the 

cortical responses to the mixture of the two speakers disclosed the key spectral 

and temporal characteristics of the attended speaker as if the subjects were lis-

tening to that speaker alone. Furthermore, a simple classifier trained on neural 

responses to the speakers speaking separately was able to discriminate the color 

and number as well as speaker identity from the attended speech mixture in cor-

rect trials with a 77.2%, 80.2% and 93.0% accuracy, respectively. Call sign dis-

crimination was only 48.0% correct and hence just below chance level (50%). 

Mesgarani and Chang (2012) concluded these findings to indicate that the per-

ceptual features relevant for a listener are reflected in the cortical representation 

of perceived speech. 

Other recent studies with varying study methods have shown similar re-

sults indicating that the neural representation of the auditory stimuli in a multi-

talker setting correspond to the speech envelope of the attended speech stream 

(e.g., MEG: Ding & Simon, 2012a; Zion Golumbic, Cogan et al., 2013; EEG: 

O’Sullivan et al., 2015; ECoG: Zion Golumbic, Ding et al., 2013). In addition, see-

ing the speaker’s face has been demonstrated to enhance speech intelligibility 
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and the tracking of the speech envelope of the attended speech stream in a cock-

tail-party-like setting (Zion Golumbic, Cogan et al., 2013). 

 The EEG study by Power et al. (2012) gave support for the use of semantic 

analysis in the processes of selective attention to speech. They used auditory-

evoked spread spectrum analysis (AESPA; Lalor, Power, Reilly & Foxe, 2009) 

which is based on the amplitude envelope of speech. In their study, subjects were 

concurrently and dichotically presented with two streams of continuous speech in 

short passages (approximately 1 min in length) and asked to attend to one stream 

at a time. After each passage, the subjects were asked to answer multiple choice 

questions on both the attended and unattended passages. On average, subjects 

correctly answered 80.4% of questions on the attended passage and 27.1% on 

the unattended passage. AESPA responses showed a positive attentional effect 

at approximately 200 ms in the left hemisphere. This was interpreted to poten-

tially reflect simultaneous use of semantic processing and suppression of irrele-

vant information (i.e., the unattended stream) for successful selective listening. 

 In summary, humans seem to be able to selectively attend to a specific 

speech stream in multi-talker settings due to our auditory neurons differentially 

tracking the changes in the speech envelope of the attended speech. Addition-

ally, a coherent semantic context in the attended speech and divergent acoustic, 

perceptual and semantic features in the attended and unattended speech 

streams facilitate auditory attentional selection. 

 

1.3 Present study 
 
In the present study, I will use an ERP paradigm to investigate the effects of se-

mantic context in the processing of naturalistic speech in a multi-talker setting. 

The participants selectively attended to naturalistic audiovisual (AV) two-person 

dialogues with distracting speech in the background. The auditory and visual 

qualities of the dialogues were modulated. The participants also carried out a 

control task, where they ignored the dialogues and the background speech while 

counting the rotations of a fixation cross below the faces of the speakers. After 

each dialogue, the participants answered simple yes-no questions either on the 

conversation topics or the number of fixation cross rotations depending on the 
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task. The control task was included so that the effect of attention on the pro-

cessing of naturalistic speech could be examined. The amount of semantic con-

textual information available in the dialogues, in turn, was altered so that contex-

tual effects could be inspected. Half of the dialogues had a semantically coherent 

narrative, whereas the other half did not. The incoherent dialogues consisted of 

mixed lines from unrelated dialogues. 

To my knowledge, this type of stimuli have not been used in previous ERP 

studies. Prior ERP research exploring contextual effects in speech processing 

has mostly centered on the N400 effect, which has been mainly studied with word 

pairs, individual sentences or pairs of sentences. Furthermore, ERP research ex-

ploring auditory selective attention has mostly focused on simple tones, spoken 

syllables and individual words. Hence, previous ERP research might not optimally 

represent the processing of naturalistic speech. The aim of this study was to bet-

ter simulate a real-life speech processing situation by creating a more naturalistic 

set-up in which to inspect how the availability of a coherent discourse-level con-

text affects the processing of audiovisual speech in a cocktail-party-like setting. 

 I inspected the effects and the interaction of semantic context and atten-

tion in speech processing by examining behavioral performance and analyzing 

ERPs timed to the beginning of each line of dialogue in the two tasks. Based on 

prior research, I expected the recollection of dialogue contents to be better in 

contextually coherent than incoherent dialogues (e.g., Bradlow & Alexander, 

2007; Davis et al., 2011; Dubno et al., 2000; McGettigan et al., 2012; Miller et al., 

1951; Obleser et al., 2007; Stickney & Assmann, 2001; Van Engen et al., 2014; 

Wikman et al., 2021) and that the coherence would not affect performance in the 

visual control task, as coherence was not relevant to that task (Wikman et al., 

2021). 

 Concerning the ERPs at the onsets of dialogue lines, I expected to observe 

an N400-like deflection of a greater amplitude in the incoherent dialogues than in 

the coherent dialogues. Even though the stimuli in the present study were differ-

ent from typical N400 paradigms, I assumed that an N400 effect could still result 

as participants evaluate the first words in lines in relation to the preceding line 

and the wider discourse context (e.g., van Berkum, 2004; van Berkum et al., 

1999; van Berkum et al., 2003; Kemmerer, 2015). Based on previous studies, the 

processing of the preceding lines could also pre-activate semantic features of 



 15 

expected words (e.g., Federmeier, 2007; Federmeier et al., 2002) and thus 

strengthen the N400s in the incoherent dialogues. In addition, as the most recent 

studies on the effects of semantic context in speech processing have shown that 

semantic modulation can happen already at low levels of speech processing 

(e.g., Broderick et al., 2019; de Heer et al., 2017; Wikman et al., 2021), I expected 

the N400 effect to start earlier than in traditional, simple N400 studies. Moreover, 

I supposed that the N400 effect would not be present during the visual control 

task as the participants were engaged in a task in which their attention was not 

directed to the dialogues (e.g., Bentin et al., 1995; Okita & Jibu, 1998; Åkerla, 

2021). 

As the study design consisted of a naturalistic two-person dialogue and 

continuous distracting speech in the background, I did not expect to find an N1 

effect of attention nor an Nd wave in the AV speech task as these effects have 

been shown to be elicited by attended, abrupt sounds, spoken syllables and in-

dividual words (e.g., Degerman et al., 2008; Hansen & Hillyard, 1980; Hillyard et 

al., 1973; Mittag et al., 2013). Instead, I presumed that a slightly later attentional 

effect could be seen in the AV speech task in contrast to the visual control task 

as research has shown that human auditory neurons differentially track the at-

tended speech stream in a multi-talker setting (e.g., Ding & Simon, 2012a; 

Mesgarani & Chang, 2012; O’Sullivan et al., 2015; Zion Golumbic et al., 2013) 

and at least one EEG study using continuous speech stimuli has demonstrated a 

later, positive attentional effect in a selective listening task (Power et al., 2012).  
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2 RESEARCH OBJECTIVE AND HYPOTHESES 
 

The aim of the present study is to examine the effects and interaction of semantic 

contextual information and auditory selective attention in the processing of 

speech in a cocktail-party-like setting to broaden the understanding of neurocog-

nitive mechanisms in the perception of naturalistic speech. I collected data with 

behavioral and electroencephalography (EEG) measurements and analyzed the 

EEG data with event-related potential (ERP) analysis. I used a novel experi-

mental approach compared to previous ERP research to better simulate a real-

life speech processing situation. 

 

The hypotheses are: 

1. A coherent discourse-level semantic context facilitates the intelligibility of 

audiovisual (AV) dialogues and thus performance in questionnaires on di-

alogue content is better in contextually coherent than incoherent dia-

logues. 

2. The semantic coherence of AV dialogues modulates the amplitudes of 

early N400-like deflections in the beginning of dialogue lines when the di-

alogues are attended to but not when they are ignored. 

3. The effect of attention is manifested not in an early (e.g., N1) but a later 

ERP deflection when the dialogues are attended to in contrast to when 

they are ignored.  
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3 METHODS 
 

3.1 Participants 
 
Electroencephalography (EEG) and behavioral data were collected from 

30 adults (15 females, age range 19–31 years, mean 22.5 years). The partici-

pants were monolingual native Finnish speakers, and they did not have any neu-

rological or psychiatric diseases. In addition, they had normal hearing and normal 

or corrected-to-normal vision. All participants were right-handed, and this was 

confirmed by the Edinburgh Handedness Inventory (Oldfield, 1971). Each partic-

ipant provided written informed consent and received a monetary compensation 

for participation. The experiment was accepted by the Ethics Committee of the 

Hospital District of Helsinki and Uusimaa. 

 

3.2 Stimuli 
 
The stimuli presented to the participants during the EEG recordings consisted of 

videotaped scripted dialogues between a man and a woman. The original stimuli 

were recorded for a previous study (for recording details, see Leminen et al., 

2020). The actors in the videos were native Finnish speakers, and the dialogues 

were in Finnish. The conversation topics were neutral, such as the weather and 

plans for future studies (for example dialogue lines in English, see Figure 1B). In 

the videos the speakers sat next to each other (male actor always on the left side 

of the screen) with their faces slightly turned toward one another, so that their 

faces were clearly visible to the viewer (Figure 1D). Every dialogue contained 

seven lines (each line ca. 5.4 s in length) that the speakers spoke alternatingly. 

Half of the dialogues were started by the female speaker and half by the male 

speaker. After each line there was a clear pause (mean duration 3.5 s), and alto-

gether each dialogue lasted approximately one minute (mean duration 59.2 s). 
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Figure 1 
The experimental paradigm used in the present study. Figure adapted from Wikman et al. (2021). 
(A) Participants were presented with audiovisual dialogues (each ca. 1 min in length) between a 
man and a woman while an audiobook was playing in the background. The participants carried 
out two different tasks alternatingly: 1) An audiovisual speech task, where they attended to the 
dialogues, ignored the audiobook and answered yes-no questions related to each line of dialogue, 
and 2) a visual control task, where they ignored both the dialogue and the audiobook, counted 
the rotations of a fixation cross below the faces of the speakers and answered yes-no questions 
on the number of cross rotations. The participants were instructed to press the blue button on the 
response pad for ‘yes’ and the yellow button for ‘no’. (B) The semantic contexts of the dialogues 
were either coherent (left) or incoherent (right). In coherent dialogues, the lines logically followed 
each other and in incoherent dialogues, the consecutive lines were unrelated. (C) The dialogues 
were presented in either good (left) or poor (right) auditory quality. The good auditory quality 
speech had 16 noise-vocoded frequency bands between 0.3 and 5 kHz and the poor auditory 
quality speech had 4 noise-vocoded frequency bands between 0.3 and 5 kHz (the white horizontal 
lines in the spectrograms indicate the frequency band borders). The fundamental frequencies (0–
0.3 kHz) were left unchanged. (D) The dialogues were presented in either good (left) or poor 
(right) visual quality. The visual quality was modulated by masking speech-related facial move-
ments with two different amounts of dynamic white noise. 
 

Out of the 36 different dialogues recorded by Leminen et al. (2020), 24 were uti-

lized in this experiment in their original form. The remaining 12 dialogues were 

used to create 24 new dialogues with incoherent narratives by mixing lines from 

the 12 dialogues. This resulted in 48 dialogues of which half had a coherent nar-

rative and the other half an incoherent narrative. The dialogue transitions in the 

Example lines from a 
coherent dialogue

Example lines from a 
incoherent dialogue

A: I bought a new 
phone and it has so 
many features that I 
am completely lost.

B: He first graduated 
from commercial 
institute, but then 
decided to continue to 
school of economics.

B: Oh yes, you used to 
have that ancient 
phone, which was not 
even a smart phone.

A: But it is not classical 
music, I am going to a 
rock concert.

A: Yes, and it was a 
perfectly good phone 
until my cat dropped it 
on the floor from a 
table, and that was it. 

B: I would gladly try 
something new and 
exciting, let’s go to the 
course together.

Good auditory quality Poor auditory quality

Lo
g 

fre
qu

en
cy

0 07 7Time (s) Time (s)

Listen attentively to 
the dialogue and 

ignore the audiobook

Count the rotations 
of the cross, ignore 

all speech

Audiovisual 
task

Visual 
control task

Did the speaker 
mention a phone in 

the dialogue?

Did the cross rotate 
nine times?

Audiobook

Press the 
‘yes’ or ’no’ 

button

A

B

D

C

Example questions



 19 

incoherent dialogues were made as smooth as possible, so that the newly con-

structed dialogues seemed like complete conversations even though the narra-

tives were incoherent. This was done by always changing the dialogue video on 

the side where the speaker was silent (i.e., the side that was unattended by the 

participant), by fading differences in lighting in the different videos and by choos-

ing the dialogue lines so that visual transitions (i.e., the actors’ location and pos-

ture changes) were minimized. The incoherent dialogues were constructed so 

that all lines were equally unpredictable. One additional dialogue was used as a 

pre-trial practice dialogue, and this dialogue was not used in the actual experi-

ment. The stimuli of the present study were precisely the same stimuli as in the 

study of Wikman et al. (2021), and hence stimulus preparation is only briefly de-

scribed here (for further details, see Wikman et al., 2021). 

Once the new, incoherent dialogues had been formed, the next step in 

stimulus preparation was adding two grey squares, one below each speaker’s 

face, to all 48 dialogues for use in the control task (see Figure 1D). A white cross 

was then inserted in the middle of the square on the side where the speaker was 

talking. The cross faded in sync with the speaker finishing his/her line and reap-

peared 1.5 s later. The fading cross indicated that the participant should turn 

his/her gaze to the other side of the video where another cross was already in 

place. The cross made turns from a multiplication sign (´) to a plus sign (+), or 

vice versa, 1–4 times during each line and altogether 9–15 times during each 

dialogue. The cross rotated only on the side where the speaker was talking. 

Next, the auditory quality of the dialogues was modulated by noise-

vocoding (Shannon, Zeng, Kamath, Wygonski & Ekelid, 1995) resulting in two 

different levels of auditory quality: good and poor (see Figure 1C). The good au-

ditory quality speech had 16 noise-vocoded frequency bands between 0.3 and 

5 kHz and was considered intelligible in behavioral ratings (n = 5, Leminen et 

al., 2020), whereas the poor auditory quality speech had 4 noise-vocoded fre-

quency bands between 0.3 and 5 kHz and was considered almost unintelligible. 

The speakers’ F0s (frequencies 0–0.3 kHz) were left unchanged to preserve a 

distinct gender difference in the speakers’ voices. 

The visual quality of the dialogues was modulated by masking speech-

related facial movements with two different amounts of dynamic white noise. 

These manipulations resulted in two levels of visual quality: good and poor (see 
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Figure 1D). Behavioral ratings (n = 5, Leminen et al., 2020) confirmed that at the 

higher noise level the mouth movements and facial features of the speakers were 

only poorly visible. 

Finally, attentional load in the tasks was increased by adding irrelevant, con-

tinuous speech in the background of all dialogues. This auditory distractor was a 

cultural history audiobook (a Finnish translation of The Autumn of the Middle 

Ages by Johan Huizinga, freely available online by Yle, the Finnish Broadcasting 

Company) read by a Finnish female actor. The audiobook was played with a 

sound intensity 3 dB lower than the voices of the speakers in the dialogue videos, 

and it started randomly 0.5–2 s before the dialogue video onsets and stopped at 

the ends of the dialogues. The audiobook was always played in good (i.e., non-

vocoded) auditory quality. 

 

3.3 Procedure 
 
The stimuli consisted of 48 dialogues that were presented to the participants in 

16 different experimental conditions. The conditions were composed of the com-

binations of four different factors that had two levels each. The factors were Task 

(AV speech task or visual control task), Semantic Context (coherent or incoher-

ent), Auditory Quality (good or poor) and Visual Quality (good or poor), see Ta-

ble 1. 
 
Table 1 
The two-level factors that formed the 16 different experimental conditions 
 
Factor Level 1 Level 2 
Task Audiovisual speech task Visual control task 
Semantic Context Coherent Incoherent 

Auditory Quality Good Poor 

Visual Quality Good Poor 

 

The dialogue videos were presented to the participants in three runs. Each run 

contained 16 different videos, one of each of the 16 experimental conditions: eight 

of the 24 coherent dialogues in all the different coherent context conditions and 

eight of the 24 incoherent dialogues in all the different incoherent context condi-

tions. Thus, each participant was presented with all 48 dialogues. The tasks (AV 
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speech task and visual control task) were presented in an alternating order, and 

every other run started with the AV speech task and every other with the visual 

control task. The type of task in question was informed to the participants before 

the onset of each video (note that the videos were identical regardless of the 

task). The presentation order of the dialogues and conditions was pseudoran-

domized, and the Latin square was used to construct four different versions of 

the experiment (for details, see Wikman et al., 2021: Supplementary Table 3). 

Eight participants completed the first version, eight the second, seven the third 

and seven the fourth version. In other words, even though all participants were 

presented with all 48 dialogues, there was variation in which condition and task 

the different participants were presented with each dialogue. 

Each of the three runs lasted approximately 26 minutes, and there was a 

40 s break in the middle of every run. During this break, the participants were 

instructed to rest and focus on a fixation cross in the middle of the monitor. In 

between runs, the participants were also allowed to rest, and the next run was 

started when the participant indicated to be ready to do so. 

The visual stimuli were presented using Presentation 20.3 software (Neu-

robehavioral Systems, Berkeley, CA, USA) in the middle of a 24-inch LCD moni-

tor (HP Compaq LA2405x; HP Inc., Palo Alto, CA, USA) that was at a distance of 

approximately 40 centimeters from the eyes of the participant. The auditory stim-

uli were presented binaurally through insert earphones (Sensimetrics model T14; 

Sensimetrics Corporation, Malden, MA, USA). Prior to starting the experiment, 

the audio volume was individually set for each participant to a level that was as 

loud as possible while remaining comfortable. 

 

3.3.1 Audiovisual speech task 
 
In the AV speech task, the participants were instructed to watch and listen to the 

dialogues and ignore the audiobook in the background. The participants were 

asked to attend to the face of the speaker who was talking and to turn their gaze 

to the opposite side when the speaker finished his/her line. After each dialogue, 

the participants answered seven yes-no questions relating to conversation topics 

in the dialogues (one question per dialogue line). The participants answered by 
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pressing one of two buttons on a response pad (Cedrus RB-740; Cedrus Corpo-

ration, San Pedro, CA, USA; see Figure 1A) with their right index or middle finger 

(index finger for ‘yes’, middle finger for ‘no’). A new question was presented every 

three seconds. After each set of questions, the participants received feedback on 

their performance (i.e., how many questions they answered correctly). 

 

3.3.2 Visual control task 
 
In the visual control task, the participants were instructed to count the rotations 

of the fixation cross from a multiplication sign (´) to a plus sign (+), and vice versa, 

while ignoring the dialogue and the audiobook in the background. After each 

video, the participants answered seven yes-no questions on the number of fixa-

tion cross rotations (“Did the cross rotate X times?”; X being the numbers 9–15 

in ascending order). As in the AV speech task, the participants answered by 

pressing one of two buttons on a response pad, a new question was presented 

every three seconds and feedback was given after each set of questions. If the 

participants were not sure of their answer (e.g., did the cross rotate 9 or 10 times), 

they were instructed to answer ‘yes’ to all the alternatives they thought possible. 

 

3.3.3 Additional task 
 
After completing the three runs, the participants were presented with an additional 

run consisting of a single dialogue and one set of seven questions. The dialogues 

used in this extra run were the 12 original coherent dialogues that were used to 

create the 24 incoherent dialogues (i.e., these 12 dialogues had not been 

seen/heard by the participants in their coherent form in the present experiment). 

Five of the 12 dialogue videos were separately shown to three different partici-

pants, one dialogue per participant, and the remaining seven to two different par-

ticipants each. The purpose of this additional run was to evaluate how much the 

participants processed the semantics of the dialogues they were instructed to 

ignore during the visual control task. The participants were presented with a dia-

logue video and they were told to complete the visual control task and hence 

ignore the dialogue while counting fixation cross rotations. At the end of the video, 

they were, however, instructed to answer seven yes-no questions about the lines 
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of the dialogue. The dialogues in this additional run were presented in good au-

ditory and visual qualities and with a coherent semantic context as this was con-

sidered the type of conversation that would be the hardest to ignore. This task 

concluded the experiment. The additional task was added to the paradigm after 

the first participant had already taken part in the experiment. Thus, the additional 

task was completed by 29 participants. 

 

3.3.4 Practice trial 
 
Prior to starting the experiment, the participants practiced both the AV speech 

task and the visual control task with a coherent dialogue that was not used in the 

actual experiment. The dialogue was presented in the different auditory and vis-

ual qualities, so that the participants were familiar with them when starting the 

experiment. 

 

3.4 Data acquisition 

The data were collected at the Department of Psychology and Logopedics at the 

University of Helsinki in a soundproof and electrically shielded EEG laboratory. 

Data were registered separately for each of the three runs of each participant, 

and the overall duration of the EEG measurements was approximately 1.5 hours 

per participant. The EEG data were recorded with a BrainVision actiCHamp am-

plifier (128 channels) and a BrainVision actiCAP snap electrode cap with an ac-

tiCAP slim electrode set of 128 active electrodes (Brain Products GmbH, Gilch-

ing, Germany). The electrode layout was an extended version of the International 

10–20 system, and reference was at FCz (Figure 2). The amplifier bandwidth was 

0–140 Hz and the sampling rate was 500 Hz. The EEG data were recorded with 

BrainVision Recorder (version 1.21.0402, first three participants; version 

1.22.0002, the remaining 27 participants; Brain Products GmbH, Gilching, Ger-

many). Electrode impedances were checked prior to recording, and they were 

below 10 kΩ for most electrodes for the majority of the participants. When 

needed, worsened impedances were enhanced in between experimental runs. 
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Figure 2  
The electrode layout was an extended version of the International 10–20 system. The online ref-
erence was at FCz (blue). The channels included in the analyses were FFC1h, FFC2h, FC1, FC2, 
FCC1h, FCC2h and Cz (pink). The data were re-referenced to the average of the mastoids (TP9 
and TP10; green) before analyses. The full electrode layout is available on the manufacturer’s 
website (www.brainproducts.com). 
 

3.5 Data analysis 
 
3.5.1 Behavioral data analysis 
 
The total number of questions in the AV speech task and visual control task was 

336 per participant. The behavioral data consisted of the number of correct button 

presses in each set of questions. Missed presses were treated as incorrect. The 

participants’ performance was analyzed with a repeated-measures analysis of 

variance (ANOVA) with two factors: Task (AV speech task or visual control task) 

and Semantic Context (coherent or incoherent). The effect of Semantic Context 

was further examined in the two tasks with two separate paired samples t-tests.  

The effects of auditory and visual qualities were not of interest in the present 
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study. The participants’ performance in the additional task was analyzed sepa-

rately with a one-sample t-test. The statistical analyses were performed using 

IBM SPSS Statistics 27 (IBM SPSS, Armonk, NY, USA), and the results were 

visualized with MATLAB R2020b (MathWorks Inc., Nattick, MA, USA). 

 

3.5.2 EEG data analysis 

EEG data pre-processing was carried out using the EEGLAB toolbox (version 

2019_1; Delorme & Makeig, 2004) in MATLAB R2020b (MathWorks Inc., Nattick, 

MA, USA). The data was high- and low-pass filtered at 0.1 Hz and 45 Hz, respec-

tively. Next, the data was manually inspected for channels that would subse-

quently be interpolated. At least one of the following criteria had to be met for a 

channel to be chosen for interpolation, and the characteristic had to be present 

persistently throughout at least one of the three experimental runs. The criteria 

were flat line, high-frequency deviation, electrode pop artifacts and body move-

ment artifacts. The deviant channels were temporarily removed from the data. 

Then the three runs of each participant were temporarily concatenated, high-pass 

filtered at 1 Hz and average referenced. Next, an independent component anal-

ysis (ICA) was fitted on the concatenated runs for each participant separately, 

and ICLabel (an automated independent component classifier in EEGLAB) was 

used for independent component classification. All components that were classi-

fied with at least a 90% certainty as either blinks, lateral eye movements or car-

diac artifacts in at least one of the runs of a participant were removed from all the 

three runs of the participant in question. After this, the formerly chosen deviant 

channels were interpolated. 

Next, the continuous pre-processed EEG data were divided into epochs of 

-100–1000 ms (336 epochs per participant, one epoch per dialogue line). The 

zero point of each epoch was the beginning of the first word in a line of dialogue. 

Typically, pre-stimulus periods in ERP studies are longer than 100 ms (Hari & 

Puce, 2017), but here the baseline period was selected to be only 100 ms, be-

cause the ERPs did not even out prior to this time point. This was presumably 

due to the absence of a stimulus-free period (e.g., blank screen and no auditory 

stimuli) before stimulus onset. As described in chapter 4.2, inter-line pauses 

lasted 3.5 s on average, but the audiobook continued in the background during 
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these pauses. To remove any remaining artifacts, epochs with voltage changes 

exceeding ±100 μV at any electrode were excluded from the analyses. The final 

EEG data consisted of, on average, a total of 313 epochs per participant 

(range 238–335). 

The EEG data were visualized and quantified with EEGLAB running 

CBRUplugin 2.1b (implemented by Tommi Makkonen at the Department of Psy-

chology and Logopedics, University of Helsinki). The channels included in the 

analyses were FFC1h, FFC2h, FC1, FC2, FCC1h, FCC2h and Cz (see Figure 2). 

These channels were chosen as this was the area where the ERPs were most 

evidently present. First, the data were re-referenced to the average of the mas-

toids (channels TP9 and TP10, see Figure 2), and baseline correction was carried 

out for the -100–0 ms pre-stimulus period. Then, average ERPs over all partici-

pants were visualized in the different study conditions. 

The ERPs consisted of two clear peaks and one trough, and the exact data 

points for further statistical analyses were defined from an average ERP wave-

form formed over all participants in all study conditions (Figure 3). From this ERP 

curve, the latencies of maximal amplitudes (positive or negative) of the two peaks 

and the trough were manually determined, and a 50 ms time window was formed 

around these amplitudes (25 ms before and after; see Figure 3). For the first peak 

this period was 80–130 ms, then 156–206 ms for the following trough and 258–

308 ms for the second peak. Average potentials were then calculated for each 

participant in each condition during these 50 ms periods. 

The three periods of the ERPs were analyzed with three separate re-

peated-measures ANOVAs. The ANOVAs had two factors each: Task (AV 

speech task or visual control task) and Semantic Context (coherent or incoher-

ent). In addition, when applicable, contrasts were performed after the ANOVAs. 

The statistical analyses were based on the average potentials of each participant 

in each experimental condition. The effects of auditory and visual qualities and 

the EEG data from the additional task were not used in the ERP analyses. 

Finally, to demonstrate the scalp distribution of the ERPs in the AV speech 

task, topographic maps were created for the three different time windows using 

EEGLAB running CBRUplugin 2.1b. For the first two time windows, the topo-

graphic maps were formed by subtracting the incoherent condition potentials from 

the coherent condition potentials. For the third time window, the topographic map 
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was formed by subtracting the coherent condition potentials from the incoherent 

condition potentials. Potential information from all electrodes was utilized in form-

ing the topographic maps. 

 

 

Figure 3 
The average ERP waveform formed over all participants in all study conditions for defining the 
data periods used for statistical analyses. Average amplitude (µV) is displayed on the y-axis and 
time (ms) is displayed on the x-axis, where the zero point is the beginning of the first word in a 
line of dialogue. The latencies of maximal amplitudes (positive or negative) of the two peaks and 
the trough were manually determined, and 50 ms time windows were formed around these am-
plitudes (25 ms before and after). This resulted in three periods with the following time windows: 
80–130 ms, 156–206 ms and 258–308 ms. The gray vertical dashed lines mark these periods. 
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4 RESULTS 
 

4.1 Behavioral results 
 
I analyzed the participants’ behavioral performance with a two-way repeated 

measures ANOVA with Task (AV speech task or visual control task) and Seman-

tic Context (coherent or incoherent) as the within-subject factors. Performance in 

the questionnaires following the dialogues was significantly modulated by Task 

(F1,29 = 402.046, p = 1.5 ´ 10−18, effect size ηp2 = .933) and Semantic Context 

(F1,29 = 256.983, p = 6 ´ 10−16, effect size ηp2 = .899; Figure 4). The main effect 

of Task was expected, as the two tasks were dissimilar both in function and in 

difficulty. Overall performance was better in the visual control task than in the AV 

speech task. Furthermore, there was a significant two-way interaction between 

Task and Semantic Context (F1,29 = 147.304, p = 6.9 ´ 10−13, effect size 

ηp2 = .836) indicating that the effect of context coherence was stronger in the AV 

speech task. This was an expected result as the coherence of the dialogues was 

not relevant in the visual control task. In line with my hypothesis, recollection of 

Figure 4 
Average questionnaire performance in the audiovisual speech task and the visual control task. 
Results expressed in percentages of points correct with error bars indicating standard errors of 
the mean. 



 29 

dialogue content was better in coherent than incoherent dialogues in the AV 

speech task. Paired samples t-tests showed that the effect of context coherence 

was significant also in the visual control task (t29 = 2.249, p = .032, d = .411) and 

not solely in the AV speech task (t29 = 14.963, p = 3.6 ´ 10−15, d = 2.732). In the 

visual control task, recollection of dialogue content was better in coherent dia-

logues like in the AV speech task. It should be noted, however, that the effect 

was only barely significant, and performance was very good in both conditions in 

the visual control task. Moreover, effect size was considerably smaller than in the 

AV speech task. 

I analyzed the participants’ performance in the additional task separately 

with a one sample t-test. The score that could be attained by chance was 3.5 out 

of 7 points, or 50%, in this task. Recollection of dialogue content was 63% correct 

on average and hence above the chance level (t28 = 3.969, p = 4.6 ´ 10−4, 

d = .737) suggesting that the dialogues were processed to some extent even 

when the participants were instructed to ignore them during the visual control 

task. 

After completing the experiment, the majority of the participants (n = 25) 

were asked whether they answered the questions in the additional task com-

pletely at random, and 48% of these participants reported to have done so. This 

would suggest that slightly over half of the participants had processed the dia-

logue on a semantic level during the additional task. One participant explicitly 

brought up that he had anticipated that something atypical would happen in the 

additional task. As a result, he had counted the fixation cross rotations as in-

structed, but also intentionally listened to the dialogue at the same time. 

Taking this additional information into account, I further analyzed the ad-

ditional task performance of the participants who had reported to have guessed 

the answers in the questionnaire (n = 12). The post hoc one-sample t-test showed 

that recollection of dialogue content in this case was 50% correct on average, 

that is, equal to chance level performance (t11 = .000, p = 1.000, d = .000). It is 

possible that the other participants had intentionally listened to the dialogues dur-

ing the additional task like the one participant who reported to have done so. This 

could explain the above chance level performance in the additional task. I also 

explored if removing this particular participant from the additional task analysis 

would significantly alter performance, but in this case with all other 28 participants 
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included, recollection of dialogue content was 62% correct on average 

(t27 = 3.759, p = 8.35 ´ 10−4, d = .710) and thus very close to the 63% perfor-

mance with all participants. 

 

4.2 EEG results 
 
4.2.1 ERP waveforms and statistical analyses 
 
I measured the average ERPs over all participants in the -100–1000 ms epoch in 

the two different Tasks (AV speech task and visual control task) in the two differ-

ent Semantic Context conditions (coherent and incoherent). The channels in-

cluded in the analyses were FFC1h, FFC2h, FC1, FC2, FCC1h, FCC2h and Cz. 

Grand-average waveforms in the different experimental conditions are shown in 

Figure 5. The ERP waveforms consisted of two clear peaks and one trough. First, 

a positive deflection at around 100 ms with similar amplitudes in all experimental 

conditions. Second, a negative deflection at around 180 ms with a distinctly larger 

amplitude in the AV speech task in the coherent context condition. Third, a posi-

tive deflection at around 280 ms with a distinctly larger amplitude in the AV 

speech task in the incoherent context condition. 

In addition to these two peaks and one trough, visual inspection of the 

ERPs shows that the waveforms of the coherent and incoherent context condi-

tions in the AV speech task are similar in shape and, moreover, there is a new 

distinguishable negative ERP deflection in the coherent context condition in the 

AV speech task at around 400–500 ms. These findings could imply that the ERP 

of the coherent context condition in the AV speech task was negatively displaced 

by a temporally broad Nd wave caused by the maintenance of attentional control 

(Alho et al., 1994; Hansen & Hillyard, 1980; Näätänen, 1990) on the coherent 

dialogue. 
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I performed statistical analyses of the ERPs on the three time windows of interest: 

80–130 ms, 156–206 ms and 258–308 ms (see chapter 4.5.2). I carried out sep-

arate repeated-measures ANOVAs for these three periods, and the analyses 

were based on the average potentials of each participant in each experimental 

condition. Each of the ANOVAs had two factors: Task (AV speech task or visual 

control task) and Semantic Context (coherent or incoherent). 

In the 50 ms period around the first peak (80–130 ms), the statistical anal-

yses did not demonstrate significant effects (F < 1.3 and p > .2 in all cases). This 

finding suggests that neither attention nor context coherence affected the ERP 

amplitudes in this time window. 

 Around the trough (156–206 ms), Task (F1,29 = 6.280, p = .018, effect size 

ηp2 = .178) as well as Semantic Context (F1,29 = 15.386, p = 4.9 ´ 10−4, effect size 

ηp2 = .347) had significant main effects on the ERP amplitudes. In addition, there 

was a significant interaction between Task and Semantic Context (F1,29 = 7.771, 
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Figure 5 
Average ERP waveforms in the audiovisual speech task and the visual control task in the coher-
ent and incoherent Semantic Context conditions. Average amplitude (µV) is displayed on the y-
axis and time (ms) is displayed on the x-axis, where the zero point is the beginning of the first 
word in a line of dialogue. The ERPs are averages of the potentials measured from all partici-
pants in the following channels: FFC1h, FFC2h, FC1, FC2, FCC1h, FCC2h and Cz. The gray 
vertical dashed lines mark the time windows (80–130 ms, 156–206 ms and 258–308 ms) on 
which the subsequent statistical analyses were performed. 
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p = .009, effect size ηp2 = .211) indicating that the effect of Semantic Context was 

stronger in the AV speech task. Furthermore, I performed contrasts to compare 

the differences in the two tasks in the two Semantic Context conditions at this 

time window. Expectedly, the analyses yielded significant results for the coherent 

condition (t29 = 3.875, p = 5.6 ´ 10−4, d = .707) but not for the incoherent condition 

(t29 = .006, p = .995, d = .001). As can be seen from Figure 5, the amplitude of 

the ERP trough of the coherent condition in the AV speech task is notably larger 

in comparison to the other conditions. These findings could represent an atten-

tional effect. In line with my hypothesis, this effect is not seen in the visual control 

task but unexpectedly, in the AV speech task the effect is significant only in the 

coherent context condition. This would suggest that context coherence modu-

lates the processes of selective attention, that is, an intact semantic context en-

hances speech processing in a multi-talker setting making selectively attending 

to a specific speech stream easier. As predicted, this attentional effect had a 

slightly later latency than an N1 deflection. 

Around the second peak (258–308 ms), Semantic Context (F1,29 = 8.413, 

p = .007, effect size ηp2 = .225) had a significant main effect on the ERP ampli-

tudes. Other significant effects were not found (F < 2.1 and p > .1 in all cases). 

While the interaction between Task and Semantic Context did not reach signifi-

cance, visual assessment of the ERP waveforms indicates a larger effect in the 

AV speech task. These findings suggest that semantic coherence modulated 

ERP amplitudes in the AV speech task but not in the visual control task in this 

time window as well. This ERP deflection could be interpreted as a response to 

semantic anomalies as the effect was seen in the incoherent dialogues. In line 

with my hypothesis, this contextual effect was significant only when the dialogues 

were attended to, but unexpectedly, the latency and the polarity of this effect are 

not comparable with an N400 effect but rather a P300 effect. 

In addition to these analyses with all participants, I carried out post hoc 

statistical analyses of the ERPs with the 12 participants that reported to have 

guessed the answers in the additional task to see, whether leaving the other par-

ticipants out of the analyses would considerably change the ERP results. Unfor-

tunately, the data of 12 participants was insufficient and the three two-way re-

peated measures ANOVAs of the ERP peaks and trough yielded only one statis-

tically significant result; in the 156–206 ms time window, Semantic Context had 
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a significant main effect on the ERP amplitudes (F1,11 = 5.386, p = .041, effect 

size ηp2 = .329; in all other cases F < 4.4 and p ≥ .06). The effect sizes were also 

smaller with these 12 participants than with all participants in all but one case (the 

interaction between Task and Semantic Context in the 156–206 ms time window, 

which was nonsignificant). 

 

4.2.2 Topographic maps 
 

In addition to the ERP waveforms, I formed topographic maps of the potentials in 

the AV speech task to illustrate their scalp distribution (Figure 6). I did this sepa-

rately for the two peaks and the trough of the ERPs. In the first two time windows 

(80–130 ms and 156–206 ms), the topographic maps show the difference be-

tween the coherent and incoherent context conditions; they were formed by sub-

tracting the incoherent condition potentials from the coherent condition potentials. 

In the third time window (258–308 ms), the topographic map shows the difference 

between the incoherent and coherent context conditions, and it was formed by 

subtracting the coherent condition potentials from the incoherent condition poten-

tials. The topographic map was inverted for the third time window as the semantic 

coherence modulation in the ERPs was positive-going during this period. I did not 

form topographic maps for the visual control task as significant ERP effects were 

not found in this task. 

 

 
Figure 6 
Topographic maps showing the scalp distribution of the ERPs during three different time windows 
(80–130 ms, 156–206 ms and 258–308 ms) in the audiovisual speech task. In the first two time 
windows, the maps were formed by subtracting the incoherent condition potentials from the co-
herent condition potentials. In the third time window, the coherent condition potentials were sub-
tracted from the incoherent condition potentials. 
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Around the first peak (80–130 ms), the difference between the potentials in the 

coherent and incoherent conditions predictably yielded a neutral potential distri-

bution as semantic coherence did not significantly modulate the ERPs in this time 

window. Hence the ERPs and their scalp distributions in the two conditions were 

very similar and their difference close to zero. 

Around the trough (156–206 ms), the difference between the potentials in 

the coherent and incoherent conditions was strongly negative. Scalp distribution 

of the potentials was broad suggesting that there was substantial variation in the 

data. A slight tendency toward a frontally dominant distribution can be seen, 

which could be explained by the supposed attentional effect in this time window. 

Around the second peak (258–308 ms), the difference between the poten-

tials in the incoherent and coherent conditions was positive with a midline and 

right hemisphere dominant scalp distribution. The scalp distribution does not pre-

cisely correspond to that of a typical P300 component as it has been character-

ized to have its peak at the centroparietal midline (Hari & Puce, 2017). 
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5 DISCUSSION 
 

The aim of the present study was to investigate the effects and interaction of 

semantic context and selective attention in the processing of naturalistic speech. 

This was done by examining behavioral performance and analyzing ERPs timed 

to the beginning of dialogue lines in naturalistic AV dialogues with distracting, 

unrelated speech in the background. The amount of semantic contextual infor-

mation available in the dialogues was modulated; half of the dialogues had a se-

mantically coherent narrative, whereas the other half did not. Participants an-

swered questions on dialogue content after each dialogue. In addition, the partic-

ipants carried out a visual control task, where they ignored the dialogues and the 

background speech and instead, counted the rotations of a fixation cross below 

the faces of the speakers. In the visual control task, participants answered ques-

tions on the number of fixation cross rotations. 

 I expected the recollection of dialogue content to be better in contextually 

coherent dialogues, and that semantic coherence would not modulate behavioral 

performance in the control task. In addition, I expected to observe an N400-like 

ERP deflection of a greater amplitude in the beginning of dialogue lines in the 

incoherent dialogues. I supposed that this N400 effect would be elicited only 

when the dialogues are attended to. Furthermore, I presumed to discover an at-

tentional effect in the AV speech task in both context coherence conditions. As 

the study design consisted of naturalistic dialogues and continuous distracting 

speech, I did not expect to see an early effect of attention (e.g., N1), but an at-

tentional effect with a slightly later latency. 

 In line with my hypotheses, recollection of dialogue content was signifi-

cantly better in contextually coherent than incoherent dialogues. Unexpectedly, 

context coherence modulated behavioral performance in the visual control task 

as well. In contrast to my hypotheses, semantic anomalies (i.e., the beginnings 

of dialogue lines in incoherent dialogues) did not elicit an N400 effect but rather 

a P300 effect. As expected, this response to semantic incongruencies was not 

elicited when the dialogues were ignored. In line with my hypotheses, a supposed 

attentional effect was observed in the ERPs at around 180 ms. This effect was 

not seen in the visual control task, as predicted. However, in the AV speech task 

the effect was significant only in the coherent context condition. 
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5.1 Behavioral performance 
 
Based on the behavioral results of the present study, a coherent discourse-level 

semantic context facilitates the intelligibility of audiovisual (AV) dialogues in a 

multi-talker setting. This finding is in line with prior research in which a coherent 

semantic context or semantic predictability has been shown to make speech com-

prehension easier (e.g., Bradlow & Alexander, 2007; Davis et al., 2011; Dubno et 

al., 2000; McGettigan et al., 2012; Miller et al., 1951; Obleser et al., 2007; Stick-

ney & Assmann, 2001; Van Engen et al., 2014; Wikman et al., 2021). As ex-

pected, the effect of context coherence was stronger in the AV speech task, 

where participants attentively listened to dialogues and answered questions 

about their content, than in the visual control task for the completion of which the 

dialogues were irrelevant. 

Surprisingly, context coherence still significantly modulated performance 

in the visual control task as well. Performance in this task was very good (over 

95% of points correct on average) in both context coherence conditions indicating 

that the participants were completing the correct task. Although the effect of con-

textual modulation was only barely significant and the effect size was rather small, 

this finding was unexpected and not in line with previous research using the same 

paradigm (Wikman et al., 2021). This finding could indicate that the participants 

processed the dialogues on a semantic level even during the visual control task. 

This is quite surprising as counting the rotations of the fixation cross was thought 

to be a sufficiently engaging task to prevent adequate cognitive resources from 

being left for simultaneously attending to the dialogues amongst distracting 

speech. Performance in the visual control task was slightly worse in the incoher-

ent context condition, which could indicate that the mixed dialogue lines caught 

the participants’ attention and thus mildly impaired performance in the visual con-

trol task. 

There are prior studies demonstrating semantic processing of unattended 

spoken word pairs during visual modality tasks (e.g., Relander et al., 2009; Rämä, 

Relander-Syrjänen, Carlson, Salonen & Kujala, 2012). It is possible that a task 

that is not demanding and engaging enough allows the participants to uninten-

tionally divide their attention between two modalities (Luck & Kappenman, 2012; 

Relander et al., 2009; Rämä et al., 2012). In addition, earlier studies have shown 
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that focusing attention on a specific spatial location also enhances the processing 

of task-irrelevant information, even across modalities, in that location (Eimer & 

Schröger, 1998; Hillyard, Simpson, Woods, Van Voorhis & Münte, 1984). Hence, 

it is possible that as the participants directed their attention towards the fixation 

cross just below the faces of the speakers, this accentuated the semantic pro-

cessing of the dialogues even though they were irrelevant to the task at hand as 

the fixation cross was spatially and temporally in sync with the speakers’ turns in 

the dialogues. The difference in results in comparison with the study of Wikman 

et al. (2021) could be explained by the lack of MRI scanner noise in the present 

study, which could have made semantic processing of the dialogues during the 

visual control task easier. On the other hand, as performance in the visual control 

task in the present study showed little variation across participants and between 

the two context coherence conditions as well, the statistically significant differ-

ence between the two conditions could also just be a coincidence. 

The additional task was included in the study to further investigate how 

much the participants processed the semantics of the dialogues they were in-

structed to ignore during the visual control task. In this additional task, the partic-

ipants were presented with a dialogue video and instructed to complete the visual 

control task and hence ignore the dialogue while counting fixation cross rotations. 

At the end of the video, they had to, however, answer questions about the content 

of the dialogue lines. Supporting the above-mentioned finding, the participants 

answered 63% of the questions correctly on average and thus performance was 

above the 50% chance level. This finding similarly suggests that the participants 

semantically processed the dialogues at least to some extent even when they 

were supposed to ignore them. 

After completing the experiment, 48% of the participants reported to have 

answered the questions in the additional task completely at random. This would 

suggest that slightly over half of the participants had processed the dialogue on 

a semantic level during the additional task. This could indicate that counting the 

rotations of the fixation cross was not as demanding and engaging as was origi-

nally thought. One explanation for the above chance level performance in the 

additional task could be that the participants anticipated that something atypical 

would happen in the additional task as it was not integrated into the three exper-

imental runs but done separately at the end of the experiment. One participant 
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explicitly brought this up and said that he had counted the fixation cross rotations 

during the additional task, but also intentionally listened to the dialogue at the 

same time. This would indicate that it was possible to divide attention between 

the visual and auditory modalities during the visual control task. 

The post hoc analysis of the additional task performance of the participants 

who reported to have guessed the answers showed that in this case performance 

was at chance level. It is then possible that the other participants had anticipated 

that the additional task was somehow different, and this induced attentional divi-

sion between modalities. This explanation is supported by the other post hoc 

analysis in which removing the one participant who said that he had intentionally 

listened to the dialogue during the additional task did not significantly alter per-

formance. These analyses do not, however, give an unequivocal explanation for 

the additional task results, and it is possible that, for example, some individual 

characteristics of the participants explain the difference in performance. None-

theless, the additional task results and post hoc analyses have to be taken into 

account in the interpretation of the ERP results. If the visual control task was not 

as demanding and engaging as was thought, this could reduce the task effects 

in the ERPs and induce contextual effects during the visual control task. 

 

5.2 Attentional and semantic modulation of the ERPs 
 
The present ERP results suggest that semantic contextual coherence modulates 

the processes of auditory selective attention in a cocktail-party-like setting. As 

expected, attentional or semantic modulations did not appear in the visual control 

task where the participants ignored the dialogues. Surprisingly, the supposed at-

tentional effect at around 180 ms was significant only in the coherent context con-

dition when the dialogues were attended to in the AV speech task. The scalp 

distribution of this contextual modulation was slightly frontally dominant and could 

thus suit an attentional effect (e.g., Hansen & Hillyard, 1980; Talsma & Woldorff, 

2005). These results could indicate that the processes of auditory selective at-

tention differed in the coherent and incoherent context conditions.  As the behav-

ioral results of this study and prior research suggest, contextual coherence and 

semantic predictability facilitate speech comprehension especially in compro-
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mised listening conditions. It is then plausible that selectively attending to a spe-

cific speech stream in a multi-talker setting is easier and possibly more efficient 

when speech processing is facilitated by a coherent semantic context. Earlier re-

search has shown that an intact semantic context helps speech processing spe-

cifically in an AV multi-taker setting and that visual information can be used to 

enhance speech intelligibility more efficiently in a coherent semantic context (Van 

Engen et al., 2014). These findings support the notion that tracking a specific 

speech stream amongst distracting speech in this study was more efficient in the 

coherent than incoherent AV dialogues. 

 It should be noted that even though the attentional effect at around 180 ms 

was not seen during the incoherent dialogues in the AV speech task, behavioral 

performance was still moderate (above 70% of points correct in the incoherent 

dialogues vs. above 85% of points correct in the coherent dialogues) indicating 

that directing attention to the incoherent dialogues in demanding listening condi-

tions was nevertheless feasible. Together, the behavioral and ERP results could 

be interpreted to suggest that managing to direct attention to the dialogue amidst 

background speech was more difficult and took more time in the incoherent dia-

logues, as semantic priming did not facilitate the process. Thus, an attentional 

effect was not seen in the incoherent dialogues as early as in the coherent dia-

logues. 

 Another semantic modulation of the ERPs was evident at around 280 ms. 

At this time window, there was a positive-going ERP deflection in both tasks in 

both conditions, but the deflection was significantly larger in the AV speech task 

in the incoherent context condition and could thus be interpreted as a response 

to semantic anomalies. As expected, the coherence of the conversations did not 

affect the ERP amplitudes in the visual control task at this time window, but in 

contrast to my hypothesis, the semantic ERP effect in the AV speech task was 

not an N400 effect but rather a P300 effect. Even though the paradigm of the 

present study did not resemble a typical N400 study, I supposed that an N400 

effect could still be elicited as participants evaluated the first words in dialogue 

lines in relation to the preceding line and the wider discourse context (Kemmerer, 

2015; van Berkum, 2004; van Berkum et al., 1999; van Berkum et al., 2003). In 

addition, I deemed possible that the processing of the preceding lines might also 

pre-activate semantic features of expected upcoming words (Federmeier, 2007; 
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Federmeier et al., 2002) and hence strengthen the N400s in the incoherent dia-

logues. Still, it is not entirely unexpected that an N400 effect was not elicited as 

the paradigm was not originally designed for an N400 study and not even an ERP 

study. The stimuli were initially used in an fMRI study (Wikman et al., 2021) and 

thus the first words in the dialogue lines were not designed with specific word-

level characteristics in mind. If the dialogues had been created for an ERP study, 

more attention could have been paid to the first words in dialogue lines as, for 

example, word frequency and how well a word fits its discourse-level context have 

been demonstrated to affect N400 amplitudes (van Berkum et al., 1999; van 

Berkum et al., 2003; Van Petten & Kutas, 1990). It is also possible that as the 

individual lines in each dialogue were coherent on their own, the participants 

started to process the lines in incoherent dialogues individually and not as a part 

of a wider discourse and thus an N400 effect was not elicited. 

  In this study, the ERP response to dialogue-level semantic incongruence 

was a positive-going ERP component peaking just before 300 ms and thus re-

sembling the extensively studied P300 effect. The P300 has been characterized 

as an ERP that is elicited by attended, low-probability stimuli (Hari & Puce, 2017). 

It has been widely studied with oddball paradigms where participants discriminate 

infrequent target stimuli from frequent standard stimuli, and mentally or physically 

responding to the target stimuli produces a P300 (Polich, 2012). Exactly how and 

why the brain produces this effect remains elusive, but a common theoretical in-

terpretation is that the component indexes attention and memory-related opera-

tions of contextual updating (Donchin, 1981). That is, new stimuli are evaluated 

in comparison to the previous event in working memory and if a new stimulus 

attribute is detected, the updating of the neural stimulus representation produces 

a P300 effect (Donchin, 1981; Polich, 2012). Typically, the P300 has been stud-

ied with simple stimuli (e.g., single tones), but it is possible that as the participants 

in the present study compared each dialogue line to the previous one, the detec-

tion of a semantically unrelated or syntactically unexpected word in the beginning 

of the lines in incoherent dialogues led to a contextual update and hence pro-

duced a P300 effect. The scalp distribution of the P300 effect in the present study 

did not completely correspond to that of a typical P300 component, but this is not 

unexpected as the paradigm was remarkably different from typical P300 studies. 
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The P300 has also been associated with stimulus categorization (Alday & 

Kretzschmar, 2019; Mecklinger & Ullsperger, 1993). Thus, another possible ex-

planation for its emergence in this paradigm could be that as the participants re-

alized that some of the dialogues were made up of unrelated lines, they started 

to distinguish the incoherent lines from standard (i.e., coherent) stimuli producing 

a P300-like effect. It would have been informative to further analyze whether the 

ERPs at the beginning of the dialogue lines were modulated by the presentation 

order of the lines, that is, if an effect of habituation would have emerged. Unfor-

tunately, the amount of data would have needed to be considerably larger, as 

there were seven lines in each dialogue. Nonetheless, prior research has shown 

a habituation effect in the P300s elicited by auditory stimuli as a decline in ampli-

tude after repeated stimulus presentations (e.g., Pan, Takeshita & Morimoto, 

2000; Polich, 1989). Thus, a similar effect could have appeared in the present 

study. It is conceivable that the P300s had larger amplitudes in, for example, the 

second line where participants first became aware whether the dialogue pro-

ceeded congruently, in comparison to the seventh line where they were already 

adapted to the contextual condition of the dialogue in question. 

Another possible interpretation of the ERPs in the present study is that the 

ERP waveform of the coherent context condition in the AV speech task was neg-

atively displaced by a temporally broad Nd wave as attentional control was main-

tained on the speech stream (Alho et al., 1994; Näätänen, 1990). Visual obser-

vation of the ERPs (Figure 5) shows that the waveforms in both context conditions 

in the AV speech task are similar in shape and, in addition, there is a new nega-

tive ERP deflection in the coherent context condition in the AV speech task at 

around 400–500 ms. This could indicate that a clear P300 effect was, in fact, 

present in both AV speech task conditions, but the effect in the coherent condition 

was obscured and reduced by the Nd wave. As the P300 effect was also present, 

albeit weaker, during the visual control task, this could be interpreted to suggest 

that in the present paradigm the direction of attention modulated the amplitude of 

the P300. This alternative interpretation highlights one major disadvantage of 

EEG and the ERP technique: intracortical cancellation of opposing currents 

causes EEG to pick up only a portion of the overall brain activity (Hari & Puce, 

2017). 
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As discussed in chapter 5.1, the additional task results and their post hoc 

analyses have to be considered when interpreting the ERP results. The above 

chance level performance in the additional task could indicate that the partici-

pants semantically processed the dialogues at least to some extent when they 

were supposed to ignore them. If the visual control task was not as demanding 

and engaging as was originally thought and the participants were able to inten-

tionally or unintentionally divided their attention between modalities, this would 

have supposedly reduced the task effects in the ERPs and induced contextual 

effects during the visual control task. However, there were not any statistically 

significant contextual effects in the visual control task ERPs, and thus, this would 

seem to suggest that the potential semantic processing of the dialogues during 

the visual control task was at least not substantial. 

Additionally, I wanted to explore whether performance in the additional 

task reflected differences in the ERPs during the whole experiment. That is, if the 

12 participants who guessed their answers in the additional task also processed 

the dialogues less during the visual control task in the three experimental runs. If 

this was the case, the task effects in the ERPs would have likely been even more 

significant for these participants. Unfortunately, the data was insufficient for reli-

able statistical analyses as only one significant result and one larger effect size 

was found. One possible explanation is, of course, that the ERP effects were 

simply not significant with these participants but that does not seem like a plau-

sible explanation. 

 

5.3 Limitations and suggestions for future research 
 
While the present study provides significant results in both its behavioral and ERP 

analyses, the results must be interpreted with a few limitations in mind. Concern-

ing behavioral performance, the additional task would have been better suited to 

its purpose if it had been integrated into the last experimental run of each partic-

ipant. The idea behind the additional task was to further investigate how much 

the participants processed the semantics of the dialogues when they were in-

structed to ignore them during the visual control task. In its current form, the ad-

ditional task was done separately at the end of the experiment and it is hence 

possible that the participants anticipated that it served a different purpose. This 
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could have led to enhanced processing of the dialogues during the additional task 

and thus performance in it might not represent general performance during the 

visual control task. Therefore, the analysis of the behavioral results did not give 

exhaustive answers regarding the amount of semantic processing of the dia-

logues during the visual control task. However, semantic modulation was not 

seen in the ERPs during the visual control task as opposed to the AV speech 

task, which would indicate that the dialogues were not processed to the same 

degree during the visual control task. 

Another limitation is that the paradigm and stimuli utilized were not initially 

designed for an ERP study. This increases the possibility that the ERPs timed to 

the beginning of dialogue lines were elicited due to some other factor than the 

difference in the amount of semantic information available per se. As discussed, 

an N400 effect was not seen in this paradigm but a P300-like component was 

elicited. It is possible that this effect was due to a mere categorization between 

related and unrelated dialogue lines as the participants realized that some dia-

logues were coherent while others were not. 

 A general limitation of the ERP technique is that it can be used to examine 

neural responses only in short time windows around stimulus events. When stud-

ying single tones or individual words, this is not a notable disadvantage but in 

investigating the processing of continuous speech, the ERP technique is not the 

most informative one. The present study showed that the ERP technique is nev-

ertheless sensitive enough to display differences in the processing of naturalistic, 

continuous speech in different conditions, but the information is limited to the be-

ginnings of dialogue lines. For a more extensive understanding, it would be in-

formative to analyze this type of data with a method that can utilize continuous 

speech and not just short periods of it. This could be done with, for example, 

temporal response function (TRF) analysis. The TRF models the relationship be-

tween continuous speech stimuli and the corresponding neural response, as well 

as the temporal lag between the two (e.g., Ding & Simon, 2012b; Zion Golumbic, 

Cogan et al., 2013). This type of analysis would give more detailed information 

on how, exactly, semantic contextual coherence modulates speech processing in 

a naturalistic, multi-talker setting. In the present paradigm, TRF analysis would 

enable examining the dialogue lines in their entirety. 
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5.4 Conclusions 
 
In conclusion, the present study provides both behavioral and neural evidence 

that semantic contextual information facilitates the processing of naturalistic 

speech in a cocktail-party-like setting. Therefore, the results are in line with prior 

research using paradigms with simpler stimuli as well as more recent research 

utilizing naturalistic, continuous speech. Contextual information seems to facili-

tate speech processing in compromised conditions through semantic priming by 

enhancing the processing of speech information that fits the current semantic 

context and thus by making selectively attending to a contextually relevant 

speech stream easier. Furthermore, the present results suggest that semantic 

contextual information modulates auditory selective attentional processes al-

ready at around 180 ms after the onset of target stimuli giving support to late 

selection models of attention. 

 Additionally, semantic incongruence elicited a P300-like effect in the pre-

sent study. This was rather surprising, as the paradigm did not resemble a typical 

P300 study. Nevertheless, this finding gives support to early semantic effects in 

the processing of naturalistic speech. Follow-up research could further investi-

gate the effects and interaction of auditory selective attention and semantic con-

textual information with methods allowing the usage of continuous data, such as 

temporal response function analysis, in contrast to the short epochs that can be 

studied with the ERP technique. 

 Overall, the present study provides further evidence for the importance of 

contextual information for effective speech processing in cocktail-party-like set-

tings or otherwise noisy situations, which are common in everyday life. This in-

formation is especially important considering the various populations for whom 

speech processing in compromised conditions is particularly challenging. These 

populations include people with hearing loss, learning disabilities and language 

impairments amongst others (Van Engen et al., 2014). Future clinical research is 

needed for investigating how well these different populations are able to utilize 

contextual information to facilitate speech processing. This information could later 

be applied to improve clinical assessment and intervention. The results of the 

present study support the idea that contextual cues could improve speech intelli-

gibility in everyday situations for, for example, these populations.  
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