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Abstract

The thesis investigates the differences in the neural processing of emotional and non-
emotional speech. The theoretical part summarizes previous research findings on emotional
language processing and the underpinnings of speech processing in the domain of neural
oscillations. The empirical part reports the results of an EEG study that was conducted to
explore the differences in neural speech tracking during exposure to angry and neutral speech.
Twenty-six participants listened to recordings of angry and neutral conversation segments, as
well as to speech-shaped noise, while their EEG was recorded. Neural speech tracking, which
was quantified as oscillatory power and the inter-trial phase coherence, and the N400
component of event-related potentials (ERP) to sentence-final words were analyzed. The
results revealed larger delta, theta, and gamma power during exposure to angry speech in
comparison to neutral speech. Negative emotional valence also significantly reduced the
amplitude of the N400 elicited by sentence-final words. The results demonstrate enhanced
neural processing and facilitated prediction in angry as compared to neutral speech. The
present study represents one of the first investigations of the oscillatory dynamics during

continuous emotional speech processing.
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Abstrakt

Tato prace se zabyvé rozdily v neurdlnim zpracovani emoc¢né zabarvené a neutrdlni feci.
Teoreticka ¢ast shrnuje pedchozi vyzkumné poznatky ohledné zpracovani emo¢né zabarvené
feCi a predstavuje zakladni mechanismy neurdlniho zpracovani fe¢i z pohledu neurdlnich
oscilaci. Empiricka cast popisuje vysledky EEG studie, ktera zkoumala rozdily v neuralnim
sledovani fe¢i béhem poslechu naStvané a neutralni feci. Experimentu se zucastnilo dvacet
Sest participantt, kteti byli vystaveni nahravkam naStvanych a neutrdlnich Gryvkt konverzaci
a nahravkam rytmického Sumu. Neurdlni sledovani feci bylo kvantifikovano jako sila
neuralnich oscilaci a koherence oscilacni faze. Déle byly analyzovany evokované potencialy
(konkrétné komponenta N400) na posledni slovo kazdého uryvku konverzace. Vysledky
ukazuji vyssi silu delta, theta a gamma oscilaci béhem poslechu nasStvané fe¢i ve srovnani s
neutralni feci. Negativni emoc¢ni valence vedla také k vyznamnému snizeni amplitudy na
komponenté N400. Vysledky naznacuji zvySeni neuralni aktivity a facilitaci prediktivnich
procest pii poslechu emocné zabarvené feci. Tento experiment predstavuje jednu z prvnich

studii oscila¢ni dynamiky béhem kontinualniho zpracovani emocné zabarvené feci.

Klicova slova: emoc¢né zabarvena fe¢; neuralni sledovani fe¢i; hnév; EEG
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Introduction

Emotional speech holds significant importance in our daily social interactions. Rapidly
decoding and effectively comprehending emotional speech is essential for identifying
potential threats or life-saving opportunities, fostering interpersonal relationships, and
achieving social goals. Hence, considering an evolutionary standpoint, it is crucial that
processing resources are directed towards the processing of emotionally significant speech

and that mechanisms enhancing speech comprehension are employed.

The question of how humans process emotional words has been thoroughly studied in the past
decades and has yielded a wide range of findings on how the human brain detects emotional
significance in verbal material. However, there is a limited number of studies investigating the
processing of continuous emotional speech, that integrates both emotional lexical-semantics
and emotional prosody. With respect to electrophysiology, emotional speech is
underresearched in the brain-rhythm literature; the most common method to study emotional

language processing are the event-related potentials.

Therefore, the aim of this thesis is to contribute to a comprehensive understanding of
emotional speech processing and the mechanisms distinguishing it from the processing of
non-emotional speech. Our aim is to investigate the oscillatory dynamics of emotional speech
processing following the procedures from the neural speech tracking literature. Using this
methodology may aid answering the question of how perceptual processes are modulated to

decode emotionally salient signals rapidly and effectively.

The first section of the theoretical part will review the latest electrophysiological findings on
emotional language processing, focusing predominantly on lexical processing and the
attentional and predictive mechanisms supporting visual and spoken emotional word
perception. The second section will summarize the key principles of neural speech processing
and introduce the approaches and methods which are applied in the empirical part. The
empirical part of the thesis describes the methodology and the results of an EEG experiment
on the neural tracking of emotional speech and discusses the results in relation to the findings

presented in the theoretical part.

10



I. Theoretical part

1 Emotions and language
1.1 Conveying emotions in speech

1.1.1 Two main channels

Humans have the ability to express emotions through language. While conveying emotions in
written discourse is restricted to the use of semantic information, the process of translating
one's emotional state into spoken interactions can occur via both the verbal (semantic) and
vocal (prosodic) channel. The verbal channel provides information about linguistic units in
speech, its syntactic structure, and meaning (which is represented by the content words the
speaker uses for their expression). The vocal channel provides the listener with non-lexical
(sometimes termed paralinguistic) information represented by changes in prosody, which is

modulated by the speaker's emotional state (Berkmoes & Vingerhoets, 2004).

From the perspective of acoustics, in order to successfully decode emotional meaning from
continuous speech the listener must integrate a variety of parameters, such as the percept of
pitch (cued by the fundamental frequency), rhythm (duration of syllables and pauses, i.e.,
speech rate), loudness, and voice quality (e.g., breathy voice, creaky voice). The decrease or
increase in one acoustic parameter can be associated with conveying various emotional states.
Therefore, one isolated acoustic cue cannot be considered a perfect predictor of a specific
emotional state (Ilie & Thompson, 2006), and a flexible interpretation of a specific
combination of parameters is in order. For example, the melodic contour of angry speech,
compared to neutral speech, is generally more pronounced and contains greater pitch and
loudness changes. With respect to speech rate, angry speech is generally characterized by
faster, irregular thythm. Conversely, the intonation of joyful speech is smooth, rounded, and

slow-varying and its rhythm tends to unfold in a more regular manner (Sbattella et al., 2014).

1.1.2 Modality differences in emotion processing

Findings from studies on emotion processing consistently indicate that the processing of
emotional speech is longer, deeper, and more elaborate than the processing of neutral speech
(Fields & Kuperberg, 2012; Kissler et al., 2008; Sander et al., 2005). That the emotional
valence of a stimulus modulates its neural processing has been thoroughly demonstrated with
emotional pictures (Lane et al., 1999) and facial expressions (Batty & Taylor, 2003), and

unsurprisingly, similar processing differences have been observed with emotional verbal
11



material as well. However, as many authors argue, the magnitude of difference when
contrasting emotional and non-emotional stimuli is often much larger for pictures and facial
expressions as opposed to verbal material. This may be because the detection of emotional
significance is more automatic for pictorial stimuli than for verbal stimuli, as the latter
requires the additional pre-requirement of extracting the semantic representation in order for
the emotional valence to be encoded. Despite that and as evidenced by a vast number of
studies, the emotional content of words, too, modulates cognitive processes and their

underlying neural mechanisms.

Notably, Grandjean (2021) argues that an important advantage of auditory processing in
general is that it represents space as a 360° sphere which allows humans (and animals) to
process information that is not directly available through other senses. For example, we
cannot see if someone is standing behind us, but we can hear them talking or making noises
which is crucial for detection of threats and survival. From an evolutionary standpoint, this

poses a functional difference between auditory and visual processing of emotional stimuli.

In social settings, we encounter emotional language in the form of a continuous auditory
stream that unfolds in real time. Our ability to decode the speaker’s emotional state from
speech is dependent upon a swift analysis of the speech signal, which, in comparison to
written emotional material, integrates emotional information not only from the verbal but also
the vocal channel. Therefore, it is essential to understand the mechanisms that support such
parallel processing of emotional semantic content and prosody and enable humans to detect

emotional relevance in spoken interactions.

1.2 The neural time course of emotional language processing

To date, the most common method used for investigating emotional language processing have
been the event-related potentials (ERP). ERP are electrical responses evoked by an external
stimulus and are typically recorded from electrodes placed on the human scalp. The different
peaks of the response (ERP components) are characterized by their polarity (negative or

positive going) and latency.

A significant advantage of ERP is their ability to capture the precise time course of
processing. In the context of emotional word processing, ERP aid the investigation of how the

emotional valence of a word impacts specific cognitive processes.

12



1.2.1 Lexical processing

To determine the emotional significance of a word, first, its meaning has to be extracted
through accessing lexical representations in the brain and relating them to the presented verbal
material. With regard to the lexical processing of individual emotional words, Kissler &
Herbert (2013) demonstrated that in a lexical decision, task lexical access was faster for
emotional than for non-emotional words, manifesting as an earlier word-pseudoword
differentiation for negative relative to neutral words (252 and 324 ms after word onset,
respectively). It is, however, unclear whether this effect can be attributed specifically to the
emotionality of words, or whether it is related to the differential lexical processing of various

semantic classes.

Similarly, Siakaluk et al. (2016) found facilitatory effects of emotionality on reaction times in
three lexical decision tasks using three sets of emotional verbal stimuli — concrete nouns,
abstract nouns, and verbs. The authors concluded that the emotional dimension of a word (and
the ease with which a word elicits emotions) is an integral part of its lexical-semantics and

leads to facilitated lexical decision.

To some extent, the time course of lexical access in individual visual word processing is
reflected in the latency of the early posterior negativity (EPN) component, peaking typically
around 250 ms after word onset (with a parieto-occipital distribution). The EPN indexes
implicit processing of the emotional valence of a word regardless of task demands and is
associated with increased attentional capture (Citron, 2012), which is reflected by a greater
amplitude of the EPN to emotional (negative, positive) words than to neutral words (Kissler &

Herbert, 2013).

Formerly, the N400 component was also considered to partly reflect the extraction of a word’s
semantic content. However, recently, it is increasingly clearer that the N400 does not reflect
the semantic analysis per se, but rather the semantic agreement of the presented word with its
preceding context. Such semantic prediction and integration represent an integral component
of speech comprehension, as speech processing is vastly based on the continuous formation of
semantic predictions and their subsequent integration with the preceding sentence context (as

described in section 1.3.1.).

Another ERP component that is robustly affected by the emotional dimension of a word is the

late positivity component (LPC), which has been observed in response to both visually and
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auditorily presented emotional verbal material. The LPC is a slow, positive wave occurring
around 600 ms after the word onset and is considered to reflect sustained processing and
evaluation of emotional stimuli based on task demands. Some authors report differences in
LPC amplitudes based on valence, with negative words eliciting greater amplitudes than
positive and neutral words (Fields & Kuperberg, 2012); however other studies have reported
advantages for both negative and positive in contrast with neutral words (Kanske & Kotz,

2007).

While earlier components are typically related to the processing of sensory information
(whether it is visual or auditory), later ERP components generally reflect higher level
cognitive processes, such as sustained analyses that integrate prior knowledge and contextual

information (Brandeis & Lehmann, 1986).

1.2.2 Emotional prosody processing

The differential processing of emotional and non-emotional prosody has been the subject of
experimental studies for many decades. For a long time, a traditional perspective has been that
the right hemisphere regulates the processing of emotional prosody and plays an important
role in the detection of emotion from the voice. This view was mostly based on results of
clinical studies with patients who had lesions in right frontal and temporal areas of the brain
(Kotz et al., 2011). Later experimental studies (in which emotional words were presented
either in the right or left hemifield), however, found little evidence supporting a strict
dominance of the right hemisphere in emotional prosody processing, rather suggesting a
bilateral activation during the perception of emotional prosody. For example, using functional
magnetic resonance imaging (fMRI), Grandjean et al. (2005) demonstrated enhanced bilateral
activation of the mid superior temporal sulcus (STS) in response to angry relative to neutral

prosody.

According to Schirmer and Kotz (2006), emotional prosody processing can be divided into
three stages (Figure 1A). Within the first 150 ms, incoming acoustic information is processed
in a bottom-up manner which employs subcortical pathways from the ear to the brainstem,
thalamus, and the core and belt areas of the auditory cortex in the temporal lobe (Figure 1B).
Such encoding of the acoustic features of a stimulus is reflected in the N100 component of the
ERP, which reflects the differences in the physical properties of emotional and non-emotional
prosody. Subsequently, emotional acoustic cues are integrated in order to derive an emotional

meaning and significance. This process is organized along the auditory pathway from the
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superior temporal gyrus to the superior temporal sulcus. This implicit attentional orienting
towards an emotionally significant stimulus is reflected in the increased amplitude of the P300
to emotional (angry, sad, fearful) than to non-emotional (neutral) intonation (Kotz &
Paulmann, 2007). In the stage that follows, the information about emotional significance is
made available for more complex cognitive processes that recruit frontal cortical areas, as

such that it can modulate semantic processing or deeper emotional evaluative judgements.

()

(a)

-

Y

Sensory processing
Utterance

Auditory ‘what’ pathway: Eval
" ‘ﬂm II bilateral STG —= anterior STS S

Linguistic Paralinguistic

LH HH
a 100 200 400
Tirme (ms)

THENDS in Cogritive Sclences

Figure 1: (A) Three-stage model of emotional prosody processing. During the first stage (up
to ~150 ms), acoustic information is processed in a bottom-up manner. Around 200 ms,
emotionally significant cues are integrated. At a later processing stage (around 400 ms), the
extracted emotional information is available for deeper cognitive processing. (B) Areas
employed in emotional prosody processing — right sagittal view (light blue: auditory cortex),
dark blue: anterior part of the superior temporal sulcus, green: frontal and orbitofrontal gyrus,
yellow arrows: processing directions). From Beyond the right hemisphere: brain mechanisms
mediating vocal emotional processing by A. Schirmer & S.A. Kotz, 2006. Copyright 2006 by

Trends in Cognitive Sciences.

1.3 Cognitive mechanisms and biases associated with emotion processing

1.3.1 Predictive processing in emotional contexts

In electroencephalography, semantic prediction and semantic integration are relatively
robustly indexed by the N400 component of the event-related potentials (Berkum et al., 1999;
Kutas & Hillyard, 1980). The N400 is a negative peaking waveform around the latency of 400
ms after the onset of a stimulus. With respect to neural language processing in general, a less
predictable word elicits a stronger N400 response than a word that is more predictable based
on preceding (sentence) context. For instance, in a sentence “I take my coffee with cream and

sand” the final word “sand” would elicit a strong N400 effect because it is semantically
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incongruent with the preceding context and represents a violation of the prediction that was
formed based on semantic context. The N400 wave is elicited by every word within a
sentence and reflects the amount of processing resources directed towards the semantic
integration and semantic analysis of that word even in cases of no semantic violation (Berkum

et al., 1999).

With respect to emotional stimuli, the literature indeed shows that the emotional dimension of
words extends the semantic context of a sentence. It can serve as an additional contextual
resource influencing the prediction of upcoming words and supporting their integration into
the preceding sentence context. Several studies investigating the effect of high-arousing
words on the processing of subsequent neutral targets suggest that the presentation of arousing
words may lead to perceptual potentiation, as their presence may affect the attentional
allocation for subsequent lexical processing of the neutral target words (Hinojosa et al., 2012;
Ding et al., 2015). Ding et al. (2020) showed that the emotional arousal of presented action
verbs influenced the anticipatory processing of their subsequently presented agents which
manifested as a larger sustained negativity for the neutral verbs (in contrast to emotional

verbs) in a highly predictable context.

In emotionally congruent sentences (i.e., where the valence of the emotional target word
matches the preceding context), semantic prediction and integration of the target might be
facilitated due to the additional contextual information provided by the emotional valence of
the sentence. In simpler terms, it might be easier to predict an emotional word in an
emotionally congruent sentence context than a neutral word in a neutral sentence context. As
the authors argued, this could explain the results observed by Zhang et al. (2021) who
demonstrated the effect of congruent emotional context on sentence comprehension during
silent reading. They compared two-sentence discourses where either both sentences or neither
sentence conveyed a negative emotion. The target word, which was presented in the second
sentence, was emotionally congruent with the preceding sentential context. In congruent
negative discourse, the target word elicited a smaller amplitude of the N400 than did a neutral

target word in neutral discourse.

However, the results of previous studies investigating the N400 to emotional words are
difficult to interrelate, most likely due to differences in experimental paradigms and task
demands. For example, some studies report an increased amplitude of the N400 to negative

words presented in a neutral context (De Pascalis et al., 2009; Grass et al., 2016; Herbert et
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al., 2008; Holt et al., 2009). These results might be interpreted by a surprisal effect caused by
the unexpected emotional valence of a presented word after a preceding neutral context that
had been established either by a preceding sentence or by the experimental task itself. The
attentional capture by an emotional word might then result in a deeper semantic evaluation or
a more demanding semantic access, and thus also a larger N400. Other studies report a
decrease in the amplitude of the N400 component to emotional words that were presented in
an emotionally congruent context. Kanske et al. (2011) tested the predictive value of an
emotional cue on semantic integration using an attentional cueing paradigm. They observed
that cues that correctly predicted the emotional category of an upcoming word facilitated
semantic integration which manifested as a decrease in the N400 amplitude to the target
emotional words when they were preceded by a valid emotional cue. Interestingly, some
studies investigating the processing of emotional words in lexical decision tasks report a
reduced N400 to emotional words compared to neutral words (Kanske & Kotz, 2007; Wang et
al., 2019) which has been interpreted as a reflection of facilitated lexical access for emotional

compared to neutral words (Wang et al., 2019).

Chen et al. (2013) compared the neural oscillatory processing of emotional and conceptual
congruency during sentence comprehension using event-related spectral perturbations
(ERSP). They presented participants with written sentences where the target word was either
emotionally incongruent, conceptually incongruent, or congruent with the preceding context.
They found an increase in gamma activity (relative to baseline) for the emotionally
incongruent condition compared to the conceptually incongruent and congruent condition.
This finding is particularly interesting, as studies investigating gamma activity in relation to
semantic prediction in language comprehension report increased gamma activity to
semantically congruent sentences in contrast to sentences containing a semantic violation (see
section 2.2.). A possible explanation is that different neural mechanisms underlie the
processing of emotional and conceptual incongruities; however, further investigation is
needed in order to disentangle the effects of emotional valence and semantic prediction on

gamma activity.

To summarize, contextual predictability influences the N400 (and gamma oscillatory activity)
to an emotionally congruent or incongruent target word as evidenced by the results of the

studies reviewed above.
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1.3.2 Attentional mechanisms

The emotional dimension of a word automatically attracts attention, as such it engages
attention irrespective of whether the stimulus is explicitly attended. One of the paradigms
used to investigate the attentional processing of emotional words is the Emotional Stroop
Task, where emotional (typically taboo) and neutral words are presented in various colors and
participants are instructed to name the respective color as quickly as possible. McKay et al.
(2004) demonstrated that color-naming times are longer for taboo words relative to neutral
words, arguing that reading a taboo word leads to reallocation of attentional resources from
the word’s color to the presented word itself, interrupting the primary task and consequently
slowing down color naming. In a different adaptation of the Stroop task, Bertels & Kolinsky
(2016) replicated this effect in an auditory paradigm, highlighting that this phenomenon is not

restricted to the visual modality.

Bertels et al. (2010) also found similar attentional biases towards emotional words using an
auditory adaptation of the dot probe task. In their experiment, two words were simultaneously
presented from a left and right loudspeaker. The words were followed by a to-be detected
beep. Negative words induced attentional biases towards their location which manifested as
reduced reaction times to the detection of the subsequent beep delivered to the same

loudspeaker, suggesting that they served as a more efficient cue.

These studies indicate that the attentional modulations caused by emotional valence pertain to

lexical processing in both the visual and auditory modality across experimental paradigms.

Such attentional effects of the emotionality of a stimulus have been replicated in
electrophysiological studies as well (Kissler at al., 2009; Wang & Bastiaansen, 2014). Their
results generally imply that the observed differences in the neural processing of emotional and
non-emotional stimuli are independent of explicit attention. For instance, Kissler et al. (2009)
investigated the processing of emotional words during silent reading. Participants were
instructed to count either the number of adjectives or verbs. The authors found an enhanced
amplitude of the EPN to emotional words irrespective of whether the word came from the
target category (adjectives or verbs), indicating that the emotional content of a word was
processed automatically. With regard to the processing of emotional prosody, an fMRI study
by Sander et al. (2005) showed increased bilateral activation of the middle STS both in trials
during which angry prosody was attended, as well as in trials in which angry prosody was

ignored.
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1.3.3 Negativity bias

Humans process emotions in an asymmetrical manner, displaying an advantage for negative
emotional material early in socio-emotional development. This higher sensitivity to
potentially threatening stimuli can be manifested through increased attention to negative
material, better recall of negative material, and greater weight of negative material during

evaluative judgments (Unkelbach et al., 2020).

Specific to the processing of verbal stimuli, several electrophysiological studies provide
evidence in support of the negativity bias. ERP data from Fields & Kuperberg (2012) revealed
an increased amplitude of the LPC to unpleasant as compared to pleasant words. That could
be attributed to their greater motivational significance, as late positivity typically reflects
higher cognitive processing and evaluative judgements. Field & Kuperberg’s study aptly
illustrates the negativity bias in verbal emotional processing and replicates previous studies
demonstrating the negativity bias with non-verbal visual stimuli (Huang & Luo, 2006; Ito et

al., 1998; Scott et al., 2009).

The processing advantage may be attributed to greater informational value of negative stimuli,
as typically, the presence of negative stimuli indicates potential threat and danger and can
have serious consequences for one’s life and wellbeing. This creates demand for increased
attentional and cognitive resources directed towards a negative emotional stimulus (Vaish et

al., 2008).
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2 Neural mechanisms of speech processing

2.1 Temporal and spectral modulations in speech

The speech signal is rhythmic on multiple temporal scales. The most prominent rhythm in
speech is the interchanging of syllables and of prosodic words. In normal speech tempo, there
is typically 5 to 6 syllables per second and approximately 1 to 2 words per second which
corresponds to neural oscillatory activity in the theta (4-8 Hz) and the delta (0.5-4 Hz) band,
respectively. The speech signal also contains smaller chunks than syllables, that is, speech
segments or coarticulated parts of segments, which can be reflected in neural oscillatory
activity in the higher frequencies (> 30 Hz) (Tune & Obleser, 2022). These temporal
modulations contained in the acoustic envelope of speech, rather than the fine-grained
structure of the spectrum, are critical for the decoding of the speech signal and successful

speech comprehension (Tune & Obleser, 2022).

2.2 Neural oscillations in speech processing

To date, the most widely used method for the study of language processing have been the
event-related potentials. The main limitation of ERP is, however, that they are unable to
capture the dynamics of continuous speech processing as they can only measure the neural
response locked to one specific time point in the speech signal. A bit more recently, the neural
processing of speech has been studied through analyzing patterns of rhythmic neural activity

in the brain — neural oscillations.

Neural oscillations reflect the synchronized spiking of neuronal populations in cortical and
subcortical areas of the brain. They are crucial for communication across brain networks and
support information transfer in different brain regions through the coordinated alternation of
excitatory and inhibitory phases of firing neuronal populations (Buzsaki & Draguhn,
2004). Neural oscillations integrate information about the firing patterns of neurons at
different frequency scales. This hierarchical structure of neural oscillations (which is similar
to the structure of speech) might allow for the parallel processing of time-varying features at
different frequencies contained in the acoustic envelope, i.e., sensory demultiplexing (Hyafil
et al., 2015). Through the process of sensory demultiplexing, the brain can analyze the
different rhythmic patterns of the speech signal and combine them hierarchically in order to

create an integrated speech percept.
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Cumulative evidence from experimental studies on speech processing suggests that slow
oscillatory activity in the delta and theta band (0.5-4 Hz, and 4-8 Hz, respectively) is
predominantly responsible for syllable and word segmentation as its frequency corresponds to
the rate of syllables (~ 6 syllables per second in Czech; Weingartova & Volin, 2014) and

prosodic words (~2 prosodic words per second) in continuous speech (Tune & Obleser, 2022).

However, it is important to note that besides speech-specific processes, activity in the delta
and theta band has been researched in relation to more domain-general functions. Theta
oscillations are generally associated with lexical memory retrieval, while delta oscillations
have been related to timing and binding processes (Herweg et al., 2020; Tune & Obleser,

2022).

The precise role of gamma band oscillatory activity (> 30 Hz) remains debated in research on
speech processing. From the perspective of neural speech tracking, some authors argue that
gamma synchronization to the subsyllabic patterns in speech reflects higher linguistic
processes — for instance, phonemic categorical perception (Giraud & Poeppel, 2012). Others
have linked such gamma synchronization to acoustic-perceptual processes and suggested that
gamma oscillations collaborate with low-frequency activity via phase-amplitude coupling to
integrate acoustic representations in speech (Attaheri et al., 2022a; for more on phase-

amplitude coupling, see section 2.3.).

Moreover, gamma band oscillatory activity has been linked to semantic processing at the
sentence level (Tune & Obleser, 2022). It is considered to be involved in semantic unification
processes, as such it reflects the predictability of incoming words based on preceding sentence
context (Bastiaansen & Hagoort, 2015; Mai et al., 2016). Hald et al. (2006) observed an
increase in gamma power during the processing of sentence-final words that were
semantically congruent with the preceding sentence compared to words that produced a
semantic violation. According to their results, a more coherent and predictable context might
be, to some extent, reflected by greater gamma power. Wang et al. (2012) argue that such
observed gamma power increases could be related to the agreement between the pre-
activation of the neural representations of the predicted word and the incoming word. They
propose that the gamma power increase is more likely to be related to the checking of the
incoming linguistic representation against top-down contextual predictions, rather than

reflecting a direct prediction of a word.
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2.3 Neural speech tracking

Neural oscillations support the segmentation and identification of discrete linguistic units
(phonemes, prosodic words, and syllables) by tracking the acoustic envelope of the incoming
speech signal and by temporarily aligning their phase to its acoustic patterns (Figure 2). The
oscillatory phase angle represents the relative position of peaks and throughs in the signal and
can be reset in response to an external stimulus, for example speech onset (Obleser & Kayser,
2019). Phase-locking to an external input represents the process through which neurons in the
auditory cortex time their high-excitatory and low-excitatory activity to match the information
load in the incoming acoustic structure so that the arriving information is processed during the
episodes of excitatory activity with maximal gain (Giraud & Poeppel, 2012; Peelle & Davis,
2012). This ability to track the speech envelope has been proposed as a mechanism supporting

the parsing of speech into linguistic units, thus facilitating speech comprehension.

“the boat sailed along the coast”

entrainment to
speech envelope

phase-amplitude
coupling

Figure 2: Neural tracking of speech. From A parsimonious look at neural oscillations in
speech perception by S. Tune & J. Obleser, 2022. Copyright 2022 by Springer International
Publishing.

In a seminal MEG study Luo & Poeppel (2007) demonstrated that the phase of oscillations at
4-8 Hz (i.e., theta), tracks the acoustic structure of sentences and showed that sentences could
be distinguished from one another based on information about the oscillatory phase only.
Furthermore, tracking performance was correlated with speech intelligibility as less
intelligible speech signal (due to higher levels of degradation) lead to worse theta phase

tracking.
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Neural tracking occurs most prominently at the rate of syllables and prosodic words (theta
and delta band, as described above). Neural tracking of speech in the theta frequency band
corresponds to the alignment of neural activity to the sustained rhythmic patterns of speech
occurring at the temporal modulation rate, while neural tracking in the delta band reflects the
processing of acoustic onsets in the speech envelope (Chalas et al., 2023). That is, increases in
delta power tracking are related to acoustic transitions from periods of silence to speech

onsets rather than sustained rhythmic activity at lower frequencies (Chalas et al., 2023).

Both delta and theta tracking are involved in the phonological analysis of speech but whether
they play a role in higher-level speech processing remains unclear. Mai et al. (2016) found
higher theta and delta power when participants listened to speech as opposed to non-speech
sounds supporting the notion that theta and delta power reflect syllabic and supra-syllabic
patterns in speech. However, the authors found no differences between normal speech
containing real words and pseudo-speech. Their results indicate that theta and delta support
phonological rather than semantic processes. Number of studies, however, suggests that delta
band tracking reflets not only the acoustic analysis of the speech signal but also higher-order
linguistic processes, such as the processing of syntactic structure and semantics (Coopmans et
al., 2022; Molinare & Lizarazu, 2018). Etard & Reichenbach (2019) report increased delta
band tracking when participants were exposed to their native language as opposed to a foreign
language with comparable acoustics, highlighting the role of delta tracking in speech

comprehension.

Coupling between oscillations in the lower and higher frequency range represents another
mechanism underlying the parsing of continuous speech into discrete linguistic units and the
integration of acoustic representations in speech (Attaheri et al., 2022a). The phase of low-
frequency oscillations (mainly theta) modulates the amplitude of higher oscillations (gamma)
which may represent one of the fundamental mechanisms underlying the integration of
rhythmic patterns occurring at different temporal scales. Authors have hypothesized that the
phase-amplitude coupling between theta and gamma oscillations subserves the syllabification
of phonemes based on the temporal dynamics of the auditory signal (Hovsepyan et al., 2020;
Morillon et al., 2012). In line with this hypothesis, Lizarazu et al. (2019) discovered that
theta-gamma coupling follows alternations in speech rate (accelerated or decelerated),
suggesting that the coupling mechanism does, in fact, reflect the tracking of the input’s

acoustics.
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Furthermore, it has been suggested that theta-gamma coupling is related to phonological
working memory, and lexical semantic processes, specifically semantic integration (Mai et al.,
2016). Besides language specific functions, theta-gamma coupling has been associated with

domain-general processes, such as memory and learning (for a review see Colgin, 2015).

2.3.1 Selected contributions of prosody

Prosody comprises of suprasegmental information about the rhythm, intonation, and stress in
speech and supports the detection of linguistic boundaries, such as phonemes, syllables, and
phrases. Not only does prosody aid the segmentation of the speech stream, but it also conveys
important cues about the speaker’s intent, such as irony, sarcasm, and affective states, which
extend the message by adding further contextual information and create another layer of
meaning (Myers et al., 2019). The constituent parts of prosody vastly contribute to speech

comprehension, and unsurprisingly, to the neural tracking of speech.

Bachmann et al. (2021) recorded cortical and subcortical EEG activity to continuous speech
and found that adding relative pitch as a predictor lead to significant improvement of the
decoding model in case of the cortical (but not subcortical) responses, most likely due to clear
dissociation between pitch tracking and envelope fluctuations in cortical responses. These
findings are consistent with those of Teoh et al. (2019) showing that relative pitch tracking is
band-limited to delta phase and that this measure of pitch processing is, indeed, separable
from other acoustic features conveyed by the amplitude envelope. That is in line with
previous studies reporting coupling between the fundamental frequency contour and cortical

responses at around 0.5 Hz, corresponding to the delta band (Bourguignon et al., 2013).

A specific demonstration of the role of prosody in neural speech processing and language
development is infant-directed speech (IDS). IDS is distinguished by exaggerated prosodic
patterns, such as prolonged vowel length, slower tempo, and easier syntactic structure,
relative to adult-directed speech (ADS) (Fernald & Simon, 1984). Findings from behavioral
studies indicate that infants have a significant preference for IDS, such that they fixated on a
visual stimulus longer when it produced IDS in contrast with ADS (Cooper & Aslin, 1990;
ManyBabies Consortium, 2020) and chose social partners that used IDS rather than those
using ADS (Schachner & Hannon, 2011).

Compelling evidence from neural speech tracking studies with infants suggests that IDS

facilitates speech decoding by enhancing low-frequency cortical tracking (Attaheri et al.,

24



2022b; Kalashnikova et al., 2018; Menn et al., 2022). Menn et al. (2022) investigated the
advantages for the neural tracking of IDS both at the rate of syllables and prosodic stress,
finding stronger speech tracking only for the latter. The authors argue that the advantage of
IDS rests predominantly in the enhanced prosodic stress which may aid word segmentation by
establishing a more regular rhythm or by holding infants’ attention better than less
pronounced prosodic stress in adult speech. This is in line with Attaheri et al. (2022b) who
report higher delta relative to theta speech tracking when infants were exposed to sung
nursery rhymes. Attaheri et al. (2022a) found that data from the same experiment run with
adults broadly replicated the patterns found in infants, suggesting that prosodic stress might

play a key role in facilitating speech comprehension across development.

Taken together, the studies mentioned above demonstrate the contribution of pitch and stress

cues to neural speech tracking.

2.3.2 Attentional modulations

Besides being determined by bottom-up acoustic information in speech, such as the
alternations of syllables and word stresses, neural tracking is strongly modulated by attention.
A convincing number of studies show that neural representations of speech can be enhanced
or suppressed as a function of selective attention and that the coupling of neural oscillations
and speech can be adjusted to converge with the listener’s goals (Holtze et al., 2021; Obleser
& Kayser, 2019; Vanthornhout et al., 2019). In experimental settings, this is best
demonstrated by the “cocktail party” situation where the listener needs to isolate one talker
among multiple competing speech streams. In an EEG study by Kerlin et al. (2010),
participants listened to two simultaneously heard speech streams preceded by a visual cue that
indicated whether they should attend to stream presented on the left or right side (left/right
ear). Their results showed that speech representations in the 4-8 Hz range (corresponding to
the theta band) were enhanced when speech was presented to the to-be attended ear. This was
supported by hemispheric differences in alpha power which indicated the direction of
attention (ipsilateral alpha enhancement and contralateral alpha suppression); furthermore, the
strength of alpha lateralization was associated with the extent to which selective attention

enhanced the cortical representations of the speech signal (Kerlin et al., 2010).

Similarly, Rimmele et al. (2015) demonstrated that neural speech tracking is modulated by
selective attention when participants were simultaneously exposed to natural and vocoded

speech and had to attend to only one stream while ignoring the other. However, attentional
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enhancement effects were detected only in the case of natural speech. The neural tracking
response for vocoded speech was similar to that of unattended natural speech, pointing to a
significant contribution of higher-order linguistic processes to the more precise tracking of the

attended speech stream.

Other studies show that attentional capture (Holtze et al., 2021) but also other higher-order
processes, such as listening effort (Decruy et al., 2020) and predictive processing (Golumbic

et al., 2013; Park et al., 2015) can be reflected in neural speech tracking.

2.3.3 Semantic contributions

As demonstrated by the studies reviewed in the section above, neural speech tracking is not
exclusively driven by low-level acoustic features. Besides top-down (but non-linguistic)
modulations, such as attention or listening effort, a listener’s ability to extract linguistic

information from speech represents another integral component of neural tracking.

The phase-locking of cortical oscillations to the rhythmic patterns in speech is stronger when
linguistic information is available to the listener (Peelle et al., 2013). The authors presented
participants with speech stimuli with varying levels of intelligibility while preserving the
speech envelope to control the amount of non-sensory information contained in the signal.
Their results (and similarly, the results of Rimmele et al., 2015, as mentioned in the section
above) are consistent with the hypothesis that neural tracking is dependent on various

informational sources that are not exclusively conveyed in the speech envelope.

To further investigate the lexical-semantic contributions to speech tracking, Lizarazu et al.
(2021) investigated how language proficiency affects the cortical tracking of syllables and
words in speech. They compared the neural speech tracking of second language (L2) speakers
of Basque in the delta and theta band and found that cortical activity in these bands was

related to L2 proficiency.

Taken together, results from the above-mentioned studies provide evidence that speech
perception and processing, reflected in neural speech tracking, constitutes a constant interplay

of low-level sensory and high-level cognitive processes.

2.3.4 Measures of neural speech tracking
Across studies the quantification of neural speech tracking varies as there is a number of

measures that can be used to capture the similarity between the speech signal and the neural
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response. One fundamental approach is to measure the total oscillatory power in frequency
bands across the range that is defined with respect to the power spectrum of the acoustic
envelope of the speech signal (generally delta and theta band). The second approach pertains
to measuring the oscillatory phase which can be analyzed by computing the inter-trial phase
coherence (ITPC, phase-locking value). ITPC indicates how consistently a certain phase angle
occurs at a specific point in time across trials (Wostmann et al., 2017) and is calculated from
the frequency decomposed signal for a specific frequency range based on the properties of the
speech signal (e.g., delta and theta band). Coherent phase across trials points to stronger

speech tracking.

The neural response during exposure to speech is then compared to the neural response during
exposure to a baseline condition. This allows for filtering out the neural response that is
shared with the processing of acoustic features and rhythm in general and is not speech
specific. The baseline condition is chosen based on study design; it is typically an
unintelligible auditory signal which to some extent preserves several acoustic features
contained in natural speech. For example, vocoded speech (speech distorted by noise, e.g.,
Rimmele et al., 2015), spectrally rotated speech (e.g., Lizarazu et al., 2020), white noise, or

amplitude modulated (speech-shaped) noise (e.g., Molinaro & Lizarazu, 2018).

More computationally demanding methods quantify neural speech tracking as a direct
comparison between the amplitude envelope of speech and the neural signal. The most
straightforward approach is to directly cross-correlate the amplitude envelope of speech and
the neural signal. Recently there has been an increase in studies that use forward modelling to
predict the EEG response based on the amplitude envelope using the temporal response
function (TRF). After modelling the neural signal, the predicted response is then correlated
with the real neural response, indicating the extent to which input information is represented

in the neural signal.

Several other methods, such as stimulus reconstruction, mutual information (MI) or cerebral-
acoustic coherence (CaC), are used to quantify neural speech tracking. For further explanation

of those see Wostmann et al. (2017) or Harding et al. (2019).
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II. Empirical part

3 Research aim

In this study, we aimed to investigate the differences in the neural tracking of emotional
(angry) and non-emotional (neutral) speech. Our motivation was to use continuous
conversational stimuli in order to explore the processing of emotional speech on the level of

whole sentences as opposed to isolated words only.

Up to date, emotional speech (and specifically, emotional prosody) has been unexplored in the
neural tracking literature (with the exception of recent research on the neural tracking of IDS
as mentioned in section 2.3.1.). Many authors have thus inquired that novel experimental
studies be carried out in order to comprehend how the human brain integrates information at

various temporal scales to process emotional speech (Grandjean, 2020; Myers et al., 2019).

As the emotional speech condition, we chose anger. This is because (1) across emotion
recognition studies, anger is the least misclassified emotion based on prosodic cues from the
speaker’s voice (Fenster et al., 1977; Scherer et al., 2001), and (2) several studies have shown
that the emotion effects are more pronounced in negative compared to positive material

(Fields & Kuperberg, 2012; Huang & Luo, 2006; Ito et al., 1998; Scott et al., 2009).

3.1 Hypotheses and predictions

H1: Based on prior ERP studies indicating a processing advantage for emotional stimuli, we
hypothesized that the processing of angry speech would be enhanced in comparison to neutral
speech and predicted observing greater neural speech tracking in the theta and delta band,
indexed by increased oscillatory power in the delta and theta band and higher ITPC for the
delta and theta band.

H2: Based on prior studies on the N400, we hypothesized that the additional contextual
information conveyed by the emotional valence of speech would facilitate predictive
processing of upcoming emotional words and predicted that in emotionally congruent
sentential context, emotional (negative) words would elicit a smaller N400 than non-

emotional (neutral) words.
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H3: In line with the literature on neural speech tracking, which suggests an increase in
gamma band oscillations for semantically predictable contexts than for nonpredictable
contexts, we predicted that in emotionally congruent sentential context, gamma power would
be stronger while listening to the emotional (angry) speech than while listening to non-

emotional (neutral) speech.
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4 Methods

4.1 Participants

We recruited twenty-six participants (18 females, 8 males, mean age = 22.12 years, SD =
2.49, age range = 19-27 years) from the participant pool of the Laboratory of behavioral and
linguistic studies (LABELS). All subjects were right-handed native speakers of Czech, who
reported normal hearing and did not have a history of any psychiatric disease nor neurological
impairment. After data preprocessing, we excluded two participants from the ERP analysis

due to a low number of artifact-free trials.

4.2 Stimuli

4.2.1 Speech material

For the speech material we created a set of 100 conversation segments (50 in the angry and 50
in the neutral condition). Each segment comprised of two sentences where a female speaker is
talking to another person. The last word of the second sentence was emotionally congruent
with the preceding sentence context, i.e., it was either negative (in the angry speech condition)
or neutral (in the neutral speech condition). An example of a neutral segment was Nemusis
nic nastavovat manualné. Tohle cidlo to vSechno kontroluje. “'You don't have to set anything
manually. This sensor controls everything,” and an example of an angry segment was
Prestain na mé takhle blbé cumeét. Ten tvij priblblej ksicht mé irituje. “Stop staring at me like
that. This dumb face of yours is annoying me.” The full list of the conversational segments
can be found in Appendix A. The sentences and the segment-final words (in bold font in the
examples above) in the angry and neutral conditions were cross-matched for syllable count.
The conversation segments were recorded by a female actress who was instructed to produce
the sentences in a congruent emotional prosody. The average intensity of each of the
conversation segments was equalized across segments using Praat (Boersma & Weenink,
1992-2024). The duration of the silent gap between the two sentences within a conversation
segment was artificially edited to 400 ms in Praat (Boersma & Weenink, 1992-2024) in cases

when the duration exceeded the mean duration by more than 1.5 standard deviation (n = 14).

4.2.2 Pilot rating task

The speech material was rated on several scales in two pilot experiments, administered online
(using Psychtoolkit, Stoet, 2010, 2017) with native speakers of Czech (different participants
than in the subsequent EEG experiment). In the first pilot, participants performed a judgement

task with written representation of the conversation segments. Participants rated the valence,
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arousal, and plausibility of the conversation segments and categorized them selecting from the
six basic emotion categories, namely, anger, disgust, fear, sadness, happiness, surprisal. After
the first pilot, 12 out of original 112 segments were excluded from the final list (as outliers in
valence or plausibility). The second pilot was a judgment task with the audio recordings in
which a different group of participants judged the conversation segments on valence (on a

three-point scale -1, 0, +1) and naturalness (on a 7-point scale between 1 and 7).

A linear mixed-effects model with varying slopes for each participant revealed a significant
difference in valence between the angry and neutral recordings (B = 0.605, SE = 0.012, df =
32.02, t = 49.36, p < .001). No significant difference in naturalness between conditions was
detected (B = -0.086, SE = 0.084, df = 31, t = -1.025, p = .314). Table 1 summarizes the
linguistic characteristics of the speech stimuli. Figure 3 plots the mean valence and

naturalness ratings from the second pilot with recordings.

Table 1: Linguistic characteristics of the speech material in the angry and neutral condition:
segment duration (ms), duration of silent gaps (ms), syllable rate (syllables per second),
valence (on a three-point scale -1, 0, +1), naturalness (on a 7-point scale between 1 and 7),
mean pitch (Hz), pitch change (i.e., maximum pitch - minimum pitch, measured in Hz),
minimum intensity (dB), maximum intensity (dB). The table shows the mean and standard

deviation (in brackets) for each characteristic.

Characteristic Condition
Angry speech Neutral speech
Segment duration 4.357 (0.443) 3.974 (0.343)
Duration of silent gaps 0.414 (0.119) 0.437 (0.125)
Syllable rate 5.09 (0.49) 5.62 (0.39)
Valence -0.987 (0.112) 0.223 (0.469)
Naturalness 5.12 (1.62) 4.95 (1.53)
Mean pitch 290.77 (22.36) 267.558 (13.137)
Pitch range 269.762 (46.626) 210.919 (53.258)
Maximum intensity 83.372 (0.708) 83.669 (0.545)
Minimum intensity 36.534 (4.534) 38.732 (5.232)
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Figure 3: Mean valence and naturalness ratings per conversation segment and condition. Dots
represent ratings pooled across 32 participants from the second pilot rating task with

recordings.

4.2.3 Speech-shaped noise

The recordings of speech were transformed into speech-shaped noise using Praat and its
native functions (Boersma & Weenink, 1992-2024, using the materials provided by
ListenLab, 2023). First, we derived a long-term average spectrum for the two sets of speech
segments from the neutral and the angry condition (i.e., the neutral conversation segment and
the corresponding angry conversation segment) and filtered a white noise signal with that
spectral object. Then we converted each speech segment (separately for the neutral and the
angry condition) to an intensity and subsequently to an amplitude tier. Finally, we multiplied
the filtered noise (common for the two corresponding segments) with the amplitude tier
specific to the neutral or to the angry segment. This process resulted in speech-shaped noise
for each segment in each condition, maintaining the envelope of the original neutral or angry

speech stimulus while keeping identical spectral content between the two conditions.

Each speech block was always preceded by a block of speech-shaped noise. The speech-
shaped noise stimuli established a baseline allowing for comparison of the semantically rich
speech condition to rhythmically similar but non-speech like stimuli (similarly to Molinaro et

al., 2018), enabling the assessment of the neural tracking of emotional prosody.
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4.3 Supplementary methods

Before the experiment, participants filled out the Positive and Negative Affect Schedule
(PANAS; Watson et al., 1988). PANAS consists of 20 items which measure current positive
(10 items) and negative (10 items) affective state of the participant. Each item is an adjective
expressing a either a positive or negative feeling (e.g., curious, ashamed, tense) that
participants rate according to how strongly it represents their current mood (on a 1-5 scale).
The cumulative score, separately for the positive and negative affect, reflects the intensity of
the subjectively perceived affective experience. The score ranges from 10 to 50 indicating

low/high intensity of the affective state of the respective emotional valence.

After the completion of the experiment, participants filled out a form with questions about the
perceived differences in the neutral and angry speech block, and the frequency of exposure to
angry speech in their daily life. Specifically, we asked how often (on a scale 1-5) they use the
angry tone of voice and curse words themselves, and how often they are on the receiving side

of this type of speech. The final questionnaire can be found in Appendix B.

4.4 Procedure
The order of the conversation segments was randomized. Each conversation segment was
repeated twice within the presentation block, resulting in a total of 100 trials per block. The

inter-trial interval varied randomly between 390 and 410 ms.

Prior to the experiment, participants provided informed consent (see Appendix C) and
completed the PANAS questionnaire. Participants were tested individually in a quiet room,
seated comfortably about 1 meter away, frontally from a computer screen. Stimuli were
presented at 65 dB SPL (measured at the location of the participant’s head) from two

loudspeakers placed in 30° angles next to the monitor.

We presented participants with the four blocks of stimuli, each block lasting approximately
eight minutes. Participants were allowed to take short breaks between blocks for relaxation
and refreshment. First, a speech-shaped noise block was presented, followed by the
corresponding speech block (from the same condition). Each participant listened to blocks
from both the neutral and the angry condition — the order of the two conditions was
counterbalanced through random assignment across participants. Participants were instructed
to listen passively during the speech-shaped noise blocks and to listen attentively during the

speech blocks as in some of the trials they were to answer a comprehension question about
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what the speaker said. This comprehension task occurred after ~1/10 of trials to ensure that

participants were paying attention to the semantic content of the recordings.

4.5 EEG recording and preprocessing

The EEG data were acquired at a sampling rate of 200 Hz from 19 scalp electrodes placed
according to the international 10/20 system. An additional FCz electrode served as an online
reference. Two external sensors were placed at left and right mastoid, one at the outer canthi

of the right eye, one below the right eye, and one on the nose. Impedances were kept below 10
kQ.

Preprocessing was performed using the EEGLAB toolbox (Delorme & Makeig, 2004) in
Matlab (The Mathworks Inc., 2022). The data were bandpass filtered at 0.1 and 80 Hz and re-
referenced to the nose. A notch filter at 50 Hz was applied to filter out the electrical line
noise. Further preprocessing steps, including artifact rejection methods, for the ERP and

power analysis are described below.

4.5.1 ERP data analysis

The filtered data were epoched from -0.1 s to 1 s relative to target word onset (i.e., the
sentence- final word in each conversation segment). The epochs were baseline-corrected to
the 100-ms pre-stimulus interval. Using an automatic artifact rejection approach, epochs in
which the absolute amplitude exceeded 100 pV were marked and subsequently rejected as
artifacts. Participants who had less than 30 % of remaining epochs after artifact rejection were

excluded from further analyses (N = 2).

For each participant, an average ERP waveform was computed for the angry and the neutral
condition separately. A grand-average negative peak per condition was determined between
200 ms and 500 ms after target word onset. In the per-participant average waveform, the
N400 amplitude was measured by calculating the mean amplitude within a 100-ms window

centered around the grand-average negative peak, separately for the Cz and Fz electrodes.

4.5.2 Time-frequency analysis

The EEG data were epoched into 10-s segments (leaving out cases in which the 10-s interval
would have been interrupted by a comprehension question). This procedure resulted in a total
of 74 epochs in each speech condition and 98 epochs in each speech-shaped noise condition,
per participant. Using the automatic artifact rejection approach, epochs in which the absolute

amplitude exceeded 210 pV were marked and subsequently rejected as artifacts. Participants
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who had less than 40 % of remaining epochs after artifact rejection were excluded from
further analyses (N = 0). The epoched data were decomposed using a Morlet wavelet
transform across 200 sliding windows. The transformation was calculated in 0.1-Hz steps
between 0.2 and 80 Hz, with 1 cycle at the lowest frequency and increasing by a factor of 0.5

for the higher frequency bins.

For each subject, total power in the delta (defined here as 0.1-2 Hz), theta (defined here as 3—
7.9 Hz), and gamma band (30-80 Hz) for the Cz electrode was computed across all epochs for
each condition. As the speech-shaped noise blocks served as a baseline condition, the average
total power in the noise epochs was subtracted from the average total power in the

corresponding speech epochs.

Inter-trial phase coherence was used to quantify the phase synchrony across trials. Higher
ITPC indicates stronger phase-locking with respect to external stimulation and has been
shown to reliably reflect speech comprehension (Batterink & Paller, 2017). For each subject,
ITPC for the delta band (corresponding to the rate of prosodic words, 0.1-2 Hz) and theta
band (corresponding to the rate of syllables, 3—7.9 Hz) was computed at the Cz electrode for
all epochs, in each condition. ITPC was calculated as circular average at time point and
frequency and averaged across time points and respective frequency band, using the newtimef
function of EEGLAB. Then, the average ITPC in the speech-shaped noise condition was

subtracted from the average ITPC in the corresponding speech condition.

4.6 Statistical analysis

All statistical analyses were conducted in R (R Core Team, 2024) using linear mixed-effects
models (packages /me4, Bates et al., 2015; ImerTest, Kuznetsova et al., 2017). A separate
model was fitted for each of the frequency bands (delta, theta, gamma — after the subtraction
of speech-shaped noise) and the predicted measure (total band power, ITPC). Another model
was fitted for the N400 component of ERP.

For each model, the effect of condition (with a sum-to-zero contrast -negative vs. +neutral)
was estimated, with random intercepts for channel and for participant. Marginal means were

estimated using the package ggeffects (Liidecke, 2018).

4.7 Ethical aspects
The experiment was approved by the Ethics Committee of the Institute of Psychology of the

Czech Academy of Sciences. After receiving information about the experimental procedure,
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participants signed an informed consent form agreeing to participation in the experiment and
the use of the collected data for research purposes. All collected data were anonymized. Each
participant was given a unique identifier under which they participated in the experiment.
Participant names were recorded only in case of students who wanted to exchange their

participation for ECTS credits and were deleted after the credits were collected.

Before the experiment, the administrator disclosed that negative words and insults were
included in the to-be presented speech material. Participants were informed of their right to
withdraw their participation in the study without providing explanation. After the experiment,

participants were debriefed about the true purposes of the study.
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5 Results

5.1 Positive and Negative Affect Schedule

Table 2 provides the mean score, standard deviation, median, minimum, and maximum for the
positive and negative scales acquired from PANAS. Figure 4 plots the distribution of the
scores for the positive and negative scale. There is low variability in the data; most
participants scored low on the negative mood scale and around the average for the positive
mood scale. Therefore, we discarded our original intention which was to control for mood
variability across participants by including the positive and negative scale in the final models

for ITPC and total power.

Table 2: Descriptive statistics for the positive and negative scales.

Scale Mean (standard deviation) Median Min—max
Positive 27.20 (5.07) 27.5 18-36
Negative 15.85 (6.70) 14 1041

Count
Count

0 10 20 30 a0 50 0 10 20 30 40 50
PANAS negative mood PANAS positive mood

Figure 4: Distribution of the positive (right) and negative (left) scores from PANAS.
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5.2 Neural speech tracking: speech vs. noise

Oscillatory power was significantly greater during the exposure to speech in comparison to
speech-shaped noise in both the delta (3 = 0.938, SE = 0.143, df =75, t=6.566, p <.001) and
theta (B = 0.528, SE = 0.089, df = 75, t =5.909, p < .001) band. Furthermore, ITPC was
significantly stronger for speech in comparison to speech-shaped noise in both the delta (B =
0.017, SE =0.002, df =75, t = 10.037, p <.001) and theta (3 = 0.013, SE =0.002, df =75, t=

6.599, p <.001) band. Figure 5 illustrates the estimated means and confidence intervals.
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Figure 5: (A) Estimated power (left) and ITPC (right) for the speech and speech-shaped noise
condition in the delta band. (B) Estimated power (left) and ITPC (right) for the speech and

speech-shaped noise condition in the theta band.

5.3 Valence effects

5.3.1 Total oscillatory power
Figure 6 shows the grand-averaged total power in the lower and higher frequencies. Each
condition is illustrated separately, i.e., speech condition (angry, neutral) and speech-shaped

noise condition (angry, neutral).
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Figure 6: Grand-averaged total power in the higher frequencies (30—80 Hz) (the four graphs
on the left) and lower frequencies (0.2—10 Hz) (the four graphs on the right). Yellow colors

represent greater log power (dB).

The model for the delta power (referenced to the respective speech-shaped noise condition)
revealed a significant intercept (B = 1.876, SE = 0.298, df = 25, t = 6.286, p < .001) and a
main effect of condition (3 = -0.439, SE = 0.209, df = 25, t = -2.101, p = .046) showing that
delta power was significantly larger during angry compared to neutral speech. The model for
the theta power (referenced to the respective speech-shaped noise condition) revealed a
significant intercept (B = 1.056, SE = 0.209, df = 25, t = 5.060, p < .001) and a main effect of
condition (B = -0.276, SE = 0.115, df = 25, t = -2.399, p = .024) indicating that theta power
was significantly larger during angry compared to neutral speech. Figure 7 shows the grand-
averaged total power in the lower frequencies. Figure 8 plots the estimated means and

confidence intervals.
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Figure 7: Grand-averaged total power in the lower frequency range (0.2—10.2 Hz) for the
angry (left) and neutral (right) speech condition after the subtraction of speech-shaped noise.

Yellow colors represent greater log power (dB).
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Figure 8: Estimated delta (left) and theta (right) power in the angry and neutral speech

condition (referenced to the respective speech-shaped noise condition).

The model for the gamma power (referenced to the respective speech-shaped noise condition)
revealed a significant intercept (8 = 1.043, SE = 0.303, df = 25, t = 3.446, p = .002) and a
main effect of condition (B = -0.772, SE = 0.248, df = 25, t = -2.902, p = .008) showing that
gamma power was significantly larger during angry compared to neutral speech. Figure 9
shows the grand-averaged total gamma power for the angry and neutral speech condition after
the subtraction of the baseline noise condition. Figure 10 plots the estimated means and

confidence intervals.
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Figure 9: Grand-averaged total power in the higher frequency range (30-80 Hz) for the angry
(left) and neutral (right) speech condition after the subtraction of speech-shaped noise. Yellow

colors represent greater log power (dB).
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Figure 10: Estimated gamma power in the angry and neutral speech condition (referenced to

the respective speech-shaped noise condition).

5.3.2 Inter-trial phase coherence
Figure 11 plots the grand-averaged ITPC in the frequency range 0.2—10 Hz. Each condition is

illustrated separately, i.e., speech condition (angry, neutral) and speech-shaped noise

condition (angry, neutral).
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Figure 11: Grand-averaged ITPC in the angry speech, neutral speech, angry speech-shaped
noise and neutral speech-shaped noise conditions. Yellow colors represent higher ITPC

values.

The model for ITPC in the theta band (referenced to the respective speech-shaped noise
condition) detected a significant intercept (B = 0.026, SE = 0.005, df = 25, t = 5.038, p
<.001), however no significant main effect of condition was detected (8 = 0.004, SE = 0.003,
df = 25, t = 1.199, p = .242). The model for ITPC in the delta band (referenced to the
respective speech-shaped noise condition) revealed a significant intercept (B = 0.033, SE =
0.003, df = 25, t = 10.05, p < .001), however no significant main effect of condition was
detected (B = -0.001, SE = 0.003, df = 25, t = -0.292, p = .772). Figure 12 plots the grand-
averaged ITPC in the frequency range 0.2—10 Hz for the angry and neutral speech condition
after the subtraction of the baseline condition. Figure 13 plots the estimated means and

confidence intervals for the delta and theta band.
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Figure 12: Grand-averaged ITPC for the angry (left) and neutral (right) speech condition after

the subtraction of the speech-shaped noise. Yellow colors represent higher ITPC values.
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Figure 13: (A) Estimated ITPC in the delta and (B) theta band for the angry and neutral

speech condition (referenced to the respective speech-shaped noise condition).

5.3.3 N400

The model for N400 revealed a significant intercept (estimate = -2.702, SE = 0.539, df =
4.124,t=-5.015, p = .007) indicating that the ERP response was negative overall. The model
also detected a significant main effect of condition (3 = -0.484, SE = 0.180, df = 70, t = -
2.686, p = .009) showing that emotional negative words evoked a significantly smaller
negative response (N400) than the non-emotional neutral words. Figure 14 shows the grand
average ERP averaged across Fz and Cz electrodes. Figure 15 shows the estimated marginal

means and confidence intervals.
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Figure 14: Grand-averaged ERP for negative (red) and neutral (black) words. Negative is

plotted downward.
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Figure 15: Estimated N400 amplitude for negative and neutral words (means and 95%

confidence intervals).
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6 Discussion

The present study investigated the neural processing of angry and neutral speech by
measuring two indicators of neural speech tracking — oscillatory power in the delta, theta, and
gamma band and the inter-trial phase coherence for the delfa and theta band. ERP to the
sentence-final words were recorded, specifically the N400 component, an index of semantic
prediction and integration in speech comprehension. Participants were exposed to two-
sentence segments of conversations, each carrying either a negative or neutral valence, ending
with words that matched the emotional context of the preceding sentences. Prior to each block

of speech, participants listened to speech-shaped noise.

Oscillatory power and inter-trial phase coherence in the delta and theta band was stronger for
the speech conditions (regardless of the emotional valence) compared to speech-shaped noise.
The emotional valence of heard conversation impacted the total power in the delta, theta, and
gamma band (referenced to the respective speech-shaped noise condition which served as a
baseline condition). Oscillatory power was significantly larger during angry in contrast with
neutral speech exposure. No effect of emotional valence on the inter-trial phase coherence
was detected in either the delta or theta band. Consequentially, the results regarding the
differences in neural tracking of angry and neutral speech (H1) are ambiguous (as we
observed significant differences in oscillatory power but not in ITPC) and insufficient to

reject the null hypothesis that angry and neutral speech elicit similar neural tracking.

Furthermore, the emotional valence of the sentence-final word impacted the N400
component; the N400 response was significantly smaller to negative words in a preceding
negative context than to neutral words in a preceding neutral context. The joint results

regarding the N400 and gamma power support our hypotheses H2 and H3.

6.1 Positive and Negative Affect Schedule

Overall, the mean score for the positive scale suggests that most participants were in a neutral
or positive mood. The distribution of the negative scores was skewed to the left, indicating
that most participants did not experience negative affect before the experiment. Although
some previous studies indicate that there is a relationship between affective state and the
processing of emotional stimuli (Chwilla et al., 2011), we were unable to test this effect due to

the low variability of our participants’ affective states.
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6.2 Neural speech tracking: speech vs. noise

Neural tracking was stronger for speech in comparison to speech shaped noise. That is
consistent with previous studies reporting stronger tracking for normal speech compared to a
non-speech baseline (Molinaro & Lizarazu, 2018; Rimmele et al., 2015). This indicates that
the measured oscillatory power and ITPC in the delta and theta band during exposure to
speech cannot be explained by a purely bottom-up synchronization of neural oscillations to a
rhythmical sensory input, but rather reflect processing that is specific to speech

comprehension.

6.3 Enhanced processing of emotional speech

Previous studies on neural speech tracking have linked delta and theta oscillations to the
segmentation of the speech stream along the syllable and prosodic word rate. We wanted to
compare the neural tracking of emotional (angry) and neutral speech by calculating total
oscillatory power and ITPC in the delta and theta band. We expected observing differential
neural tracking either due to the salient prosodic differences associated with emotional
speech, or due to higher employment of cognitive resources that is related to the processing of

emotionally significant stimuli in general.

The higher oscillatory power in the delta and theta band implies enhanced processing during
the perception of angry in comparison to neutral speech. From the neural tracking perspective,
this could mean greater tracking of the acoustic properties of the angry speech input. The
difference was slightly larger for delfa power which would support the theory that the effect
was driven by the salient prosody of angry speech. Given that we used speech-shaped noise as
a baseline condition (i.e., an auditory signal with the intensity contour of speech), we have
solid evidence that the differences in delta and theta power are not due to different rhythmic
properties of our angry and neutral speech signal. However, as we did not observe an effect
for the ITPC, we cannot conclude that the differences in oscillatory power were caused by

stronger or more accurate tracking of angry speech compared to neutral speech.

As mentioned in the theoretical part, besides being involved in speech processing, activity in
the delta and theta band has been related to working memory. For instance, Bastiaansen et al.
(2005) found event-related increases in theta power to open class words (e.g., verbs, nouns,
and adjectives) in comparison to closed class words (e.g., conjunctions, prepositions) when
subjects were reading a short story. The authors attributed the changes in theta power to the

retrieval of lexical-semantic information from memory. Thus, another viable theory is that the
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greater theta power we observed during the angry speech condition could to some extent

reflect facilitated retrieval from lexical memory for emotional speech.

Therefore, prospectively, we intend to calculate other neural tracking indexes, such as
cerebral-acoustic coherence or the temporal response function, in order to better understand
whether the oscillatory differences could indeed be attributed to the differential

synchronization of neural activity to angry and neutral speech.

6.4 Gamma power as an index of facilitated prediction

The literature on neural speech processing indicates that increased gamma activity is linked to
the processing of words that are semantically congruent with their preceding context.
Therefore, gamma power might reflect the predictability of the incoming words based on the
preceding sentence (Bastiaansen & Hagoort, 2015; Hald et al., 2006; Mai et al., 2016). As
previous studies on emotional priming suggest (Eder et al., 2012; Kanske et al., 2011),
emotionality of a preceding cue modulates the predictability of the subsequent target which
leads to facilitated integration of the target into the preceding context. According to this
theory, the increased gamma power during the perception of emotional speech, together with
the effect on the N400 component that we observed in our experiment, might indeed reflect
reduced integration demands due to a facilitatory effect of the congruent emotional context.
However, our results are in opposition to Chen et al. (2013) who observed gamma power
increases during the processing of emotionally incongruent in comparison to congruent

words.

Taken together with the studies reviewed above, our results lead us to conclude that neural
activity in the gamma band is in some way modulated by the interaction of emotional and

predictive processes.

Oscillatory activity in the gamma band has also been related to memory processes (Headley &
Paré, 2013) and sustained attention (Jensen et al., 2007; Siegle et al., 2010). Therefore, it is
important to note that the observed greater gamma activity during the perception of emotional
speech might be attributed to other cognitive processes. To better understand the contribution
of speech-specific and domain-general processes to our observed data, we intend to perform

further analyses, e.g., calculate the phase-amplitude coupling of theta and gamma oscillations.
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6.5 N400 as an index of semantic-emotional access

Our results regarding the effect of emotional valence on the N400 are in line with previous
studies reporting a decreased amplitude of the N400O to negative in comparison to neutral
words presented in an emotionally congruent context (Kanske et al., 2011; Wang et al., 2019;
Zhang et al., 2021). More specifically, with the present auditory stimuli we replicated the
findings of Zhang et al. (2021) on a decrease of the N400 amplitude to negative words

following a negative sentence context.

The N400 effect has been related to semantic prediction and integration, with more
predictable words requiring less integration efforts and thus eliciting a smaller amplitude of
the N400 (Berkum et al., 1999; Kutas & Hillyard, 1980). The observed modulation of the
N400 amplitude by negative valence might be explained by facilitated predictive processing
of the emotional target word. The preceding sentence context (conveyed by the emotional
semantic content as well as emotional prosody) provides the listener with additional
contextual information which changes the predictability of upcoming words. Consequentially,
the processing demands on the subsequent integration of the emotionally congruent target

word might be reduced.

In the grand-average ERP, we observed differences in the amplitude of the ERP between the
negative and neutral condition all the way from 0 to 800 ms after target word onset (i.e., the
difference was not exclusive to the N400 component). However, it is important to highlight
that we recorded auditory ERP to sentence-final words embedded in naturalistic speech. There
is a high number of confounding factors that are challenging to control for when using speech
as experimental stimuli (e.g., articulation, pronunciation, prosodic differences).

Consequentially, this leads to higher variability in the shape of the ERP response.

In the future, calculating the predictability for each segment-final word in both conditions
might be beneficial in order to determine whether the observed effect on the N400 (and
possibly, the effect on gamma power, too) might actually be attributed to the differences in
predictability due to the additional emotional context. To achieve this, surprisal values or

cloze probability for segment-final words could be calculated.
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6.6 Potential limitations
In our experiment, we only used one female speaker to record our stimuli. Future studies
should use recordings of multiple male and female speakers to cover a wider range of possible

speaker characteristics. This might increase experimental validity.

We wanted to use one set of stimuli for both the female and male participants while keeping
the speech material as self-relevant as possible. Therefore, we formulated the speech stimuli
to be gender neutral. That led to the exclusion of all insults that could be used only to address
males or females. Despite that, we still faced the challenge of having to use formulations that
would not explicitly reveal the gender of the addressed listener. In future studies, two separate
speech sets (based on gender) might be more suitable in order to accentuate the participant’s

impression that the speech is addressed directly at them.

The emotional speech in our experiment was acted which might raise concerns as to whether
the participants perceived the prosody of angry speech as emotional. Although some studies
suggest that acted emotional speech might lead to exaggerated displays of affect (Shahid et
al., 2009; Wilting et al., 2006), they also provide substantial evidence that emotional speech
recorded by a trained actor does elicit some emotional percept in the listener. Furthermore, in
the final questionnaire following the EEG experiment, participants were instructed to report
the perceived differences between the two experimental blocks in the speech condition (i.e.,
angry and neutral speech blocks). Based on our participants’ answers, there are distinct
differences in perceived emotional valence of our speech blocks not only in the semantic

content, but also in the emotional intonation.

It is also important to highlight the conceptual issue regarding the term neutral word. In most
studies, researchers typically contrast emotional verbal material with relatively non-
emotional, neutral material, characterizing neutral words as stimuli that do not carry an
emotional charge. While this definition might be most suitable for experimental research, it is
important to acknowledge its main limitation. That being the fact that the perceived
emotionality of a word is heavily contingent upon individual factors, such as personal
experiences and attitudes related to the object or situation in question. For example, the word
“plastic” is a neutral word per se, however, for some people might have negative connotations

due to environmental reasons.
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6.7 Concluding remarks

Emotional speech carries important information that might have potential consequences for
achieving or obstructing one’s goals. Thus, the ability to detect that a speaker is angry is
important to swiftly evaluate the motivational significance of the social interaction. In cases
when our personal or social goals are potentially endangered, the facilitated processing of
emotional stimuli can be advantageous by allowing to reallocate cognitive resources towards

decision-making strategies that ultimately lead to an appropriate reaction to the stimulus.
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7 Conclusion

The present study represents one of the first explorations of the oscillatory dynamics of
continuous emotional speech processing. Previous EEG studies have concentrated
predominantly on the investigation of evoked responses (ERP and ERSP) to written emotional
words, typically presented in isolation (Wang & Bastiaansen, 2014), or embedded in
sentences (Chen et al., 2013). To our knowledge, ours is the first study investigating total
oscillatory power during the continuous processing of emotional auditorily presented

sentences.

In this study, we attempted to challenge classical experimental paradigms for the investigation
of emotional speech and word processing. Our aim was to create stimuli that would integrate
congruent emotional information from the vocal and verbal channel, simulating conditions
under which humans encounter emotional speech in real-life settings. For this reason, we used
short conversation segments formulated in a way as if the speaker is addressing the listener
(i.e., the participant). Using longer segments of speech allowed us to use processing methods
from the neural speech tracking literature and explore the oscillatory processing of larger

chunks of speech.

We found that negative words elicited a smaller amplitude of the N400 component of the
event-related potentials, in comparison to neutral words. Listening to emotional speech led to
greater delta, theta, and gamma power. The analyses failed to find a difference in the inter-
trial phase coherence for angry and neutral speech. The results are in line with previous
studies suggesting enhanced processing of emotional material; however, further investigation
is necessary in order to determine whether the observed differences in oscillatory power could
be attributed to stronger neural speech tracking or whether they are related to domain-general

processes involved in the perception emotional speech.

Our experiment contributes to the general understanding of how the human brain is wired to
process emotionally salient speech input. Prospectively, the results may aid in understanding
the neural processes underlying the disrupted ability to decode emotions from speech
observed in many psychiatric and neurological disorders, such as schizophrenia, Parkinson’s

disease or autism.
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Appendices

Appendix A: Final list of conversation segments

Negative conversation segments Neutral conversation segments

Okamzité nech téch svejch debilnich vtipki! Je | PTines mi prosim ten novej vytisk novin. Ty stary

mi z téch narazek na bliti. vydani odloz na stranu.

Po téch schodech musis jit pomalu. Pfidrzuj se

Uz mam tvyho chovani po krk. Sbal si svoje
zabradli a nespadni.

kramy a vypadni!

Nemusi$ to nikam odnaset. Stac¢i kdyz tu vazu

Uz té€ mam fakt plny zuby! Celej veCer mé jenom
jenom odsunes.

ztraphiujes.

To tla¢itko nestaci podrzet kratce. Musis ho

Celou dobu mé s nima akorat pomlouvas. Je mi z
zmacknout fakt dlouze.

tebe fakt Spatné.

Vadyt mé kviili tob& vyhodili ze Skoly! Za tohle Véera jsme ti koupili novou Zidli. Navod na jeji

se bude smaZit v pekle. poskladani mas v taSce.

Klidné si ptij¢ tuhle uéebnici. Mas to tam viechno

Celej vecer si jenom stéZujes. UZ je to tady s
podrobné popsany.

tebou fakt otravny.

Pted chvili tady néco zvonilo. Podle mé to byl tviyj

Okamzité ji pfestaii nadavat! Tohle tvoje chovéni
telefon.

je ostuda.

Klidné za mnou pak doraz do studovny. Kazdej den

Potad se mi cpe§ do mejch osobnich véci! Tuhle
tam nékoho douéuju.

vlezlost na tob& nenavidim.

Nebavi mé furt poslouchat tvoje kecy. Pro jednou Klidné miize$ zistat u mé v kancelafi. Jen potom

. " v
uZ zavii hubu! prosim zavii dvere.
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Ten formulat més zase $patné vyplnénej! Ty jsi
prosté tplné debilni!

Nemusis s sebou brat ty téZky talife. Staci vzit ty
lehky plastovy.

V préci se viema jednas hrozné neptitelsky.
Piestan byt takhle arogantni!

Budeme se schazet kazdy odpoledne. Tak to aspori
bude vic pravidelny.

Nebudu se o tom s tebou hadat. Prosté se prestan
chovat jako hovado.

Musis to stfihat témahle nizkama. Pak to bude§ mit
rovny jako pravitko!

Cekam tady na tebe uz dvé hodiny. Tohle chovéani
je fakt nespolehlivy.

U metra jsem vas viibec nevidéla. Byli jste tiplné
neviditelny.

Tobé se v ni¢em neda viibec véfit. Celou dobu mé
akorat pomlouvas.

Ve dvanact hodin mam jesté prednasku. To ty v tu
dobu uz davno obédvas.

Tyhle kalhoty ti teda viibec neslusi. Vypadas v
nich fakt uplné straSné.

Nevidim na tobé vibec zadnej rozdil. Takhle
vypadas Gplné b&Zné.

Dej tomu ditéti aspori najist. Tohle je od tebe
stra$né nezodpovédny.

Nemusi$ tam dochazet kazdej tejden. Nase schiizky
budou celkem nepravidelny.

Neodhazuj ty plesnivy slupky na stil. Bydlet s
tebou je teda fakt odporny.

Vyber si jeden z téch ¢lankd ode mé. Tamty jsou pro
tebe zbyte¢né odborny.

Béhem ty schiizky musis byt zticha. Tak uZz se
pfestan smat jako kretén!

Tenhle bilej plast’ mas uréité novej. Vypadas v ném
uplné jako doktor.

Kwiili tobé je Gplné prazdna lednicka. Ty se§
opravdu nenaZrany prase.

Mirek jede pfisti tyden na dovolenou. Nezapomen
pak nakrmit to jeho zviFe.

62




Radsi se nad sebou trochu zamysli. Nemusis furt
reagovat agresivné!

Neni t¥eba si na to hledat vypomoc. Klidné mtize§
pracovat samostatné.

Hned se pfevlikni do néceho jinyho! Tvoje
roztrhany hadry mé pohorSujou.

Véichni pracujeme podle tvyho navodu. Viechna
pravidla se tady dodrZujou.

Nemusi$ ho pfece takhle poniZovat. Prestaii se
chovat jako sadista!

To tvoje kafe ma zajimavou strukturu. Délas ho
uplné jako barista.

Ptestan se pfed viema takhle pfedvadét. Tohle
chovani mé zadina iritovat.

K bakalatce si najdi dost literatury. Pfi psani pak
musi$ viechno citovat.

Zase té z ty Skoly vyhodili! Rodice kvili tobé
budou zufit.

To pfipomenuti jim nevadi. Diky tobé na to aspoil
budou myslet.

Na mé¢ z téch penéz viibec nic nezbylo! Ty ses§
opravdu takovej sobec!

Tu smlouvu miZe§ rovnou podepsat. Jsi totiZ jedingj
kupec.

Vzdyt' on ti pfece viibec nic neudélal! Piestai se
k nému chovat tak bezcitné!

Nechci to tu fikat GpIné pied viema. Reknu ti to
potom soukromé,

Vzdyt je to jenom malinky miminko! Nesmi$ s
nim zachazet takhle surové.

Vibec to nemusi§ pfedélavat. Klidné to mtzes
namalovat barevné.

Na schiizi se kviili tobé v8ichni rozhadali. Do
prace ted’ chodg) fakt zpruzeny.

Na dnesni schiizi ndm feknes svoje napady. VSichni
jsou na tvoje navrhy zvédavy.

Nemiizu uvéfit, co to na mé vytahujes. Ted’ bych
té zlosti fakt zmlatila.

Potfebovala bych s tebou néco probrat. Véera jsem
ti kviili tomu velala.

Ty zas vypadas jako bezdomovec. A navic z tebe
tdhne strasnej smrad.

To tvoje tricko vypada zajimavé. Ma takovej
neobvyklej tvar.
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W

Kviili tobé jsou na nas v8ichni nastvany. PFisté se
nechovej jako pitomec.

Brzo se s nima mnohem vic poznas. Budes pro né
pracovat jako konzultant.

Vzdyt je to viechno zase uplné Spatné. Ty se§
opravdu takovej blbec!

Nékdo by s tebou mél jet jako spolujezdec. Jsi piece
docela novej Fidic¢.

Nikomu z nich se ani trochu nelibi§. Uréité proto,
jak furt mluvis sprosté!

Klidné tu prezentaci odfikej svym tempem. Nevadi
mi, kdyz mluvis rychle.

Vidyt vzdycky vypadas jak néjakej vandrak!
Aspori pro jednou se neoblikni vulgarné!

Vecer si vem spolecensky obleceni. Pies den se ale
neoblikej tak formalné.

Poi4d se jenom valis na gauéi. Zivot s tebou je
tak nudnej!

Klidné bych si s tebou vymeénila polstatf. Ten tvi je
oproti mymu mékkej.

Vzdycky mysli§ jenom na sebe. Jsi fakt
neuvéfitelnej egoista.

Tady mas sviij sportovni dres. V ném budes§ uplne;
fotbalista.

Potad si jen na néco stéZujes. Prestani byt takovej
ufiiukanek.

v owor

Ty o svété nemas zadny iluze. Jsi vlastné docela
realista.

Nikdo se s tebou nechce kamaradit. Ta tvoje
dotérnost viechny obtéZuje.

Zpracovavas to zajimavym zpusobem. To t€ od
ostatnich vzdycky odliduje.

Piestan strkat nos do cizich véci. Tvoje neustaly
otazky jsou dost vlezly.

Tvoje vytvory jsou takovy specificky. Vzdycky jsou
oproti ostatnim dost jiny.

Pfestan z toho délat takovou tragédii. Hlavné
nereaguj takhle hystericky.

Vecer se sejde celd nase rodina. Nezapomen se
obliknout spoledensky .
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Appendix B: Questionnaire

Dotaznik k vyzkumu Vnimani emoc¢né zabarvené reci a slov

ID participanta:
Vék:

Pohlavi:

V experimentu jste slySel/a dva bloky, které obsahovaly uryvky z konverzaci. Na Skale 1-5
ohodnotte, jak moc Vam tyto dva bloky pfisly odlidné.

vlibec velmi

1 2 3 4 5

V éem Vam tyto bloky pfisly odliSné? (odpovézte volné)

Béhem experimentu jste slySel/a komunikaci vyznacujici se nasdtvanym ténem hlasu,
nadavkami a sprostymi slovy. Pomoci §kaly 1-56 ohodnotte, jak &asto jste takovému stylu
komunikace vystaveny/a.

vlibec denné

1 2 3 4 5

Jak €asto timto zpUsobem komunikujete Vy?

vlubec denné

1 2 3 4 5
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Appendix C: Informed consent form

Informace o vyzkumu
Vnimani emo¢né zabarvené reci a slov

Mila acastnice, mily GCastniku,

pro vyzkum o vniméni feci a slov hledame 20-30 dospélych ucastniki, jejichz matefskym
jazykem je CeStina, spliwji dalsi pozadavky uvedené v tomto dokumentu a ktefi by se mohli
dostavit do laboratofe na Psychologickém tstavu AV CR v Praze. Tento vyzkum se zabjva
vnimanim emoc¢né zabarvené feci a slov.

Méieni budeme provadét pomoci EEG. Jednd se o neinvazivni a zcela bezpe¢nou metodu,
diky které mizeme pozorovat mozkovou aktivitu. Dal§i informace o tomto vyzkumu a o
pouzivané metodé najdete v tomto dokumentu.

Vyzkumnice
Natalie Kikot'ova, ¢lenka vyzkumné skupiny SPEAKIN lab

Dr. Katetina Chladkové, pisobi na Ustavu &eského jazyka a teorie komunikace FF UK a
Psychologickém tstavu AV CR a vede vyzkumnou skupinu SPEAKIN lab

Cile vyzkumu

. , gy - T ET <1/ . .
V nasem vyzkumu se zaméfujeme na vnimani fec¢i u dospélych osob. Tento experiment ndim
pomuze pochopit, jak vnimame emocné zabarvenou fe¢ a slova. Primarnim cilem je tedy
piispét k popisu mechanismii, které v mozku pfi poslechu emoéné zabarvené feci probihaji.

Instrukce a priitbéh experimentu

1. Vyzkum za¢ne kratkym rozhovorem, pfi kterém vam mimo jiné vysvétlime, o em
vyzkum je a zodpovime vase piipadné dotazy.

2. Potom vam na hlavu nasadime tenkou Cepici, kterda k sobé ma pfipevnény EEG
sensory, které snimaji mozkové signaly. Aplikujeme trochu gelu na vodni bazi na
povrch elektrod dotykajici se pokozky vasi hlavy, coZ poslouzi ke zlepSeni vodivosti
signalu. Toto méfeni je pro vas zcela bezpecné a bezbolestné. PouZivany gel je
hypoalergenni.

3. Béhem celého experimentu budete sledovat obrazovku a my vam budeme z
reproduktorti poustét uryvky dialogli. Po kazdém tryvku uslysite slovo a pomoci
dvou tla¢itek se rozhodnete, jestli dané slovo v pfedchazejicim tryvku zaznélo, nebo
ne. Je dilezité, abyste béhem celého experimentu sedéli co nejklidnéji. Hlasitost
zvuku nebude vice nez 70 decibeld, coz je hlasitost srovnatelna s béZnou fedi.

4. Na konci vim sundame Eepici a vam zastanou ve vlasech malé zbytky gelu. Budete
mit moZnost si pifimo na stejném patfe gel otfit, pifipadné vlasy umyt a vysusit (vie
potfebné poskytneme).

5. Cely experiment trvd maximaln¢ hodinu a ptll, a to véetné uvitaciho rozhovoru,
ptipravy Cepice, pfestavek a pfipadného myti vlasi. Vyzkum samotny (tj. vlastni
poslech nahravek fe¢i) trva 45 minut.
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Dobrovolnost

Pokud budete souhlasit s (i¢asti na tomto experimentu, pozddame vas o podepsani prohlasent,
Ze souhlasite s uc¢asti na tomto vyzkumu a s pouzitim ziskanych dat pro nase vyzkumné ucely.
Pokud se kdykoliv béhem experimentu rozhodnete z jakéhokoliv diivodu svoji ucast ukoncit,
feknete nam to, a experiment bude ukonéen.

Rizika a pojiSténi
Z ptedchozi zkuSenosti s vyzkumem tohoto typu nejsou znama 7idna rizika. Protoze z

tohoto vyzkumu neplynou zaddnad zdravotni ani bezpefnostni rizika, neni uzavieno zadné
specialni pojiSténi.

Divéryhodnost a data ziskana ve vyzkumu

V ramci vyzkumu budeme sbirat idaje o veéku, pohlavi a jazykovém pozadi. U studenttl, kteti
za ucast na vyzkumu dostanou kredity, bude navic sbiran udaj o jméné, a to pravé kvali
zapsani kreditl: po zapsini krediti bude tdaj o jméné smazin. U ucastnikil, kteti obdrzi
poukazku na nakup, bude na formulafi o pfevzeti poukazu na nakup uveden udaj o jméné a
datu narozeni uCastnika: tyto osobni udaje budou slouZit pouze pro piipadnou kontrolu
Cerpani grantovych prostfedkd. U vSech Glastnikti plati, Ze soubor s experimentalnimi daty
bude od osobnich dajt zcela oddélen a nebude je mozné zpétné propojit.

Ziskana data budou pouZita jen pro analyzu vysledkil a pfipadnou budouci publikaci ve
védeckych Casopisech. Data mohou byt v budoucnu sdilena v ramci védecké komunity. V
téchto pfipadech nebudou nikdy pouZity vaSe osobni udaje a bude vzdy zachovana vase
anonymita.

Misto a datum konani

Vyzkum bude probihat v laboratoti LABELS Psychologického tstavu AV CR a Filozofické
fakulty UK na adrese Vorsilska 1, Praha 1, od listopadu 2023 do jara 2024, vidy mezi 8:00 a
21:00.

Odmeéna

Za nifast na naSem vyzkumu dostanete poukaz na ndkup za 300 K& nebo ECTS kredity v
ramci pfislu$ného kurzu na FF UK.

Pozadavky
Jako ucastnice nebo Glastnik v naSem vyzkumu byste mél(a) spliiovat nasledujici pozadavky:
e jste véku mezi 18 a 45 lety
e vasdim jedinym matefskym jazykem je CeStina
& nemate sluchové postiZeni a netrpite akutnim onemocnénim ucha
e netrpite psychiatrickym nebo neurologickym onemocnénim
e 24 hodin pfed ucasti na experimentu nepozijete navykové latky (véetné vétiiho
mnozstvi alkoholu)
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Informovany souhlas — Vyzkum o vniméni emo¢&né zabarvené fedi a slov

Timto prohlasuji, Ze jsem byl/a naleZité seznamen/a s podstatou a metodou vyzkumu, kterd je
popsana v dokumentu Informace o vyzkumu Vniméni emo&né zabarvené feli a slov. Viechny
dotazy mi byly dostate¢né zodpovézeny.

Ve vyzkumu budou sbirdna data o v&ku, pohlavi a jazykovém pozadi, a nahrdvan zdznam
mozkové aktivity béhem EEG. U studentd, ktefi za G¢ast na vyzkumu dostanou kredity, bude
navic sbiran udaj o jméné, a to prave kvili zapsani kreditd: po zapsani kreditd bude adaj o
jméné smazan. Pokud jsem studentem, souhlasim s poskytnutim svého jména.

U ucastnikd, ktefi obdrzi poukazku na nakup, bude na formulafi o pfevzeti poukazu na nakup
uveden udaj o jméné a datu narozeni G¢astnika: tyto osobni udaje budou slouZit pouze pro
piipadnou kontrolu Eerpani grantovych prostfedki. Pokud za Gi€ast na vyzkumu obdrzim tuto
poukazku, souhlasim s poskytnutim svého jména a data narozeni.

U v8ech participanti plati, Ze soubor s experimentalnimi daty bude od osobnich udaji zcela
oddélen a nebude moZné zpétn& spojit experimentalni data s osobnimi Gdaji Gcastnika;
vSechna data tedy budou plné anonymizovana.

Moje Géast na tomto vyzkumu je zcela dobrovolna. Ponechavam si pravo zrusit svilj souhlas s
Gcasti bez nutnosti udani divodu. Kdykoli béhem experimentu mohu proceduru ukoncit a
odejit. Pokud budou moje naméfena data pouZita ve védeckych publikacich, pak jediné zcela
anonymné. Souhlasim s tim, Ze anonymizovana data mohou byt v budoucnu sdilena v ramci
védecké komunity.

Pokud budu chtit dalsi informace o vyzkumu, ted’ nebo v budoucnosti, mohu se obritit na
Natalii Kikotovou (natalie.kikotova@ff.cuni.cz). S pFipadnymi stiznostmi ohledné tohoto
vyzkumu se mohu obratit na dr. Katefinu Chladkovou (chladkova@praha.psu.cas.cz).

Podepséano ve dvojim vyhotoveni:

Jméno a pfijmeni Géastnika/i&astnice Podpis

Podala jsem informace a vysvétlila pribéh vyzkumu. Prohlasuji, Zze zodpovim vSechny
piipadné dotazy o vyzkumu dle svého nejlepsiho védomi.

Jméno a pfijmeni Podpis
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